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WAR DEPARTMENT,

WASHINGTON 25, D . C ., 20 July 1944.

TM 11- 425 , Barographs ML- 3 - A , ML - 3 - B , ML - 3 - C , and ML- 3 - D ,

is published for the information and guidance of all concerned .

( A . G . 300.7 (31 May 44 ).]

BY ORDER OF THE SECRETARY OF War :

G . C . MARSHALL ,

Chief of Staff.
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Major General,
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AAF Flying Tng Schools (5 ) ; AAF Tng Ctrs (5 ) .
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DESTRUCTION NOTICE

WHY – To prevent the enemy from using or salvaging this equipment for
his benefit.

WHEN — When ordered by your commander.

HOW - 1. Smash - Use sledges, axes, handaxes, pickaxes, hammers, crow

bars, heavy tools .

2. Cut - Use axes, handaxes, machetes.

3 . Burn - Use gasoline, kerosene, oil, flame throwers, incendiary

grenades.

4 . Explosives - Use firearms, grenades, TNT.

5 . Disposal — Bury in slit trenches, fox holes, other holes. Throw

in streams. Scatter.

USE ANYTHING IMMEDIATELY AVAILABLE FOR DESTRUCTION OF THIS

EQUIPMENT

WHAT - 1. Smash - Case and entire instrument.

2 . Break — Clock mechanism , pen arm ,and levers.

3. Burn - Chart and technicalmanual.

4 . Bury or scatter - All of the above pieces after breaking.

DESTROY EVERYTHING

54 3505U 2010

09/06 , XL 3740
09 /06 3U150- 150 ME
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SECTION 1

DESCRIPTION

1 . GENERAL. a . Barographs ML- 3 - A , ML- 3 - B , ML- 3 - C , and ML

3 - D are portable precision instruments (also known as microbarographs)

which measure and register changes in atmospheric pressure.

b . Some of the early BarographsML- 3 - A have only one dash pot; the

other Barographs ML- 3 - A and Barographs ML- 3 - B , ML - 3 - C , and

ML - 3- D have two dash pots. Otherwise there are no essential differences

between the instruments covered in this manual. The various suffix letters

result from refinements in design, the general appearance, function, and
operation are the same for all.

c. Throughout this manual, basic type nomenclature followed by an

asterisk within parentheses ( Barograph ML- 3 - ( * ) ) refers to Barographs

ML- 3 - A , ML- 3 - B , ML- 3 - C , and ML -3 - D , or any one of them .

FORM SC

NO. 98

PRESSURE -MEASURING
AND INDICATING

MECHANISM

PEN

CLOCK

ML - 145

CASE

TL 90262

Figure 1. Barograph ML- 3 - (* ). .



2 . COMPONENT PARTS. a . The component parts of Barograph ML

3 - ( * ) (fig . 1) are :

1 pressure-measuring-and-registering mechanism mounted in a case.
1 pen .

1 bottle of dash -pot fluid .

1 Clock ML- 145.

b . Additional items used with Barograph ML- 3- (* ) which must be
procured separately, are

SignalCorps

Item stock No.

Ink, special register, green - -- 7A1100

purple - - 7A1101

red . 7A1102

Oil, watch , grade No. 1 - - - - - 6G1339

Form SC No. 98 _ - - 6D98

Mounting ML- 178, special mounting to absorb

shocks- - - - - - - - - 7A1199– 178

3. CASE ( fig . 1 ) . a . The case of Barograph ML- 3 - ( * ) consists of a low

raised base and a high hinged cover held closed by a catch .

b . Thebase is metaland is approximately 13 inches long by 7 incheswide.

The underside is provided with a removable cover plate , and four rubber
feet.

C. The cover is a metal frame approximately 9 inches high . It has glass

windows on all sides, and a carrying handle is fixed in the center of the

solid top.

4 . PRESSURE-MEASURING MECHANISM ( figs. 2 and 3 ) . a . The

pressure -measuring mechanism of Barograph ML -3 - ( * ) consists of a

pressure-sensitve unit which actuates a recording pen through a system

of levers.

CHART

GLIP

WINDING KEY

CLOCK CYLINDER

SMIFTING ROD ADJUSTING THUMBNUT

ELEMENT COVER

CALIBRATION

LEVER

PEN ARM SHAFT

SPEN ARM

REN

-VERTICAL LINK
- COUNTERWEIGHT

TILTED AXIS

DASH POTS

CASE

RELEASE
LEVER

- STANDARD

PEN ARM SHIFTING LEVER TL- 9026 :

Figure 2 . Barograph ML- 3 - (* ), cover open .
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b . The pressure-sensitive unit consists of two bellowsmade of very thin
hard brass. The bellows are suspended inside a high dome-like cover

(element cover ) mounted over a large hole which is located approximately

in the center of the base of the instrumentcase.

( 1) The two bellows are screwed together at one end to constitute a

single unit. One end of the unit is provided with a threaded bolt

( element post ) and the other end is provided with a slotted stud.

( 2 ) The under side of the top of the pressure-sensitive unit cover is

provided with a nub holding a coil spring ( element spring) . The element

post of the unit extends through a hole in the nub . An adjusting thumb

nut is screwed on the post to hold the unit, which the spring keeps firmly

suspended downward within the cover. The element post is keyed to the

nub to prevent the unit turning sideways. The lower end of the unit is

free tomove vertically .

c. The lever system consists of an element link ; a magnification lever and

bimetal temperature compensation shaft ; a vertical link ; a calibration lever

and dash pots; a pen arm shaft and standards, and a pen arm .

( 1 ) One end of the element link ( fig . 3 ) is attached to the stud at
the bottom of the pressure -sensitive unit . The other end is fitted into a

slot in the magnification lever ( fig . 3 ) which extends horizontally below

FAST - SLOW
ADJUSTMENT ELEMENT POST

ADJUSTING THUMBNUT

ELEMENT COVER

ELEMENT SPRING
WINDING KEY

PRESSURE ELEMENT

MAIN SHAFT

DASH POT
COVER

DRIVE GEAR

DASHER

STATIONARY

GEAR
PLUNGER

WING NUT

BIMETAL TEMPERATURE ELEMENT LINK

COMPENSATION SHAFT
MAGNIFICATION

LEVER TL 90264

Figure 3. Barograph ML-3 - ( * ), exposed view of mechanism .

the pressure-sensitive unit. The slotted hole in the element link is engaged

by a pivot screw through the magnification lever.

( 2 ) One end of the magnification lever ( fig . 4 ) is clamped to the

middle of the bimetal temperature compensation shaft, which has its ends

fitted in bearings mounted on the under side of the case. Themagnifica

tion lever extends from the shaft and across the bottom of the pressure

sensitive unit where the element link attaches to the unit, and endsbelow a

small hole in thebase .
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( 3 ) The vertical link ( fig . 3 ) extends vertically through the small hole .

The lower end of the vertical link is attached to the end of the magnifi

cation lever, and the upper end is attached about midway on one side

of the calibration lever.

(4 ) The calibration lever ( fig . 2 ) is inserted through the pen arm shaft.

It extends at right angles on each side of that shaft, more on the side to

which the vertical link is attached than on the other, and is held in position

by a set screw . The ends of the calibration lever are attached to dash pots .

( a ) Each dash pot ( fig . 3 ) consist of a cylinder with a removable cover ,

a piston, and a connecting rod .

(6 ) Each dash pot cylinder is mounted immediately below an end

of the calibration lever.

(c ) Each piston is a thin sheet-metal, cone-shaped plunger that is fitted

inside the dash pot cylinder.

( d ) A connecting rod (dasher) is attached to the top center of each

plunger, and extends through a hole in the removable cover of the dash

WING NUT BIMETAL TEMPERATURE

COMPENSATION SHAFT

MAIN SHAFT MAGNIFICATION

LEVER

TL 90266

Figure 4 . Barograph ML- 3 - ( * ) , bottom view .

as one end attached to the pen arm swana

pot cylinder. The upper end of each dasher is attached to an end of the

calibration lever.

(5 ) The ends of the pen arm shaft are supported by standards (fig . 2 )
mounted on the base.

( 6 ) The pen arm has one end attached to the pen arm shaft by a

tilted -axis arrangement ( fig . 2 ) . The other end of the long arm is free

and is partially balanced by a counterweight attached to the opposite side

of the axis.

d . The recording pen is a nickel-silver nib pen clamped to the free

end of the pen arm . The pen arm holds the pen in position to bear

against the record chart. A vertical shifting rod (fig . 2 ) is mounted on

the base near the free end of the pen arm . This rod is attached to the

ben arm shifting lever provided at the front of the base, and can be moved

laterally to hold the pen arm and pen away from the chart.



5 . CLOCK ML- 145 ( fig . 3) . a . Clock ML-145 consists of —

( 1 ) A clock movement housed in a high cylinder .

( 2 ) A chart clip .

( 3 ) A main shaft and stationary gear,with wing nut.

( 4 ) A winding key .

b . The cylinder is metal, and is the drum for the record chart. The

chart clip holds the chart on the cylinder.

c. The clock movement is the 8 -day type and is fixed within the lower

portion of the cylinder . The winding key attaches to the top of the clock

and is reached through the open upper end of the cylinder.

d . The main shaft and gear fit into the hole provided in the base of

the instrument case . The wing nut ( figs. 3 and 4 ) screws on the threaded

end of the main shaft to hold the gear stationary on top of the base .

e . The center hole in the bottom of the clock unit fits over the main

shaft . The clock 's drive gear engages the stationary main shaft gear and

causes the chart cylinder to rotate once about every 41/2 days.



SECTION II

INSTALLATION AND OPERATION

6 . UNPACKING . a . Barograph ML-3 - ( * ) is packed with the pen in

place on the pen arm , and the pen arm tied to the shifting rod. The

main shaft and stationary gear of Clock ML- 145 are fastened in place

in the case. The dash pot fluid and the cylinder containing the clock
movement are packed separately.

b . Unpack the instrument carefully. Avoid any shock or jar. Baro

graph ML- 3 - ( * ) is a delicate precision instrument and must be treated

accordingly .

c. If necessary to repack Barograph ML- 3 - ( * ) for shipment after it
has been in use , proceed as follows:

( 1 ) Turn the adjusting thumbnut of the pressure -sensitive unit counter

clockwise (to the left ) to move the pen to the bottom of the chart. Then

lift the pen by hand to the top of the chart and tie the pen arm to the

shifting lever ( par. 17a ( 2 ) ) .

( 2 ) Remove the clock cylinder from the instrument.

( 3 ) Use an eyedropper to remove the fluid from the dash pots.

7 . ASSEMBLING . a . Pull the case release lever (on the right when

facing the front of the instrument) and open the hinged cover all the way

over until the top left edge is resting safely on the table or shelf.

b . Untie the pen arm from the shifting rod , and make sure that the pen

arm is in front of the rod . Push the shifting lever (at the front of the

base ) to the right to hold the pen arm as far to the front as possible .

c. Put the clock cylinder on the base by slipping the bottom center hole

over the main shaft. Lower the cylinder carefully and turn it slightly

until the clock drive gear is felt to engage the stationary gear on the base .

8 . FILLING DASH POTS. a . The dash pot fluid supplied is a low

temperature oil to be used in the dash pots located below the ends of the

calibration lever (fig . 2 ) . The instrument will give an erratic record if

the dash pots are not filled .

b . Fill each dash pot as follows:

( 1) Use an eyedropper to extract the fluid from the shipping container.

( 2 ) Lift the dash pot cover and put the fluid into the pot with the

eyedropper. Fill it to within 3/8 inch of the top .

( 3 ) Rock the calibration lever slowly and carefully to move the dash

pot plungers so all air bubbles will be expelled .

(4 ) Lower the dash pot cover and seat it properly.

9 . LOCATION . a . Locate Barometer ML- 3- ( * ) on a level surface. It

is important that the instrument be mounted in as level a position as



practicable because gravity is the only force that holds the pen against

the chart (par. 17e ) .

b . The instrument must be located where it cannot be disturbed easily

or jarred accidentally .

( 1 ) If the instrument is subjected to excessive vibration when on a desk

or table , provide a substantial level shelf mounted on a solid wall.

( 2 ) A sponge-rubber pad placed under the instrument will help protect

it against vibration . Mounting ML - 178 (par. 2b ) is a special shock

mounting for Barograph ML- 3 — ( * ) . .

c. The temperature of the area where Barograph ML- 3 - ( * ) is located

must beas constant as possible.

( 1 ) Keep direct or reflected sunlight from the barograph .

( 2 ) Do not locate the instrument near a stove or a radiator.

( 3 ) Protect the instrument from drafts or sudden movements of air .

10 . INSTALLING CHART. a . Always remove the clock cylinder from

Barograph ML- 3 — ( * ) to install or change a chart.

( 1 ) Open the case (par. 7a ) .

( 2 ) Push the shifting lever to hold the pen away from the cylinder.

( 3 ) Lift the clock cylinder vertically from the shaft and remove it from

the case .

Caution . If the cylinder holds a chart on which there is a record,handle

it carefully to avoid smearing the ink.

b . Remove the chart clip by pulling it vertically from the bottom slot and

top notch of the cylinder. Carefully remove the used chart, if there is one,

and lay it in a safe place.

c. Take a new chart and make a notation (not in the margin ) of the

date it is being installed , mark one of the .00 reference lines according to

the local pressure range (par. 13b ( 2 ) ) , and install the chart as follows :

( 1 ) Lay the left-hand side of the chart on the cylinder so the actual

beginning of the chart is lined up with the right-hand sides of the bottom

slot and the top notch of the cylinder, and so the lower edge of the chart

is snug against the bottom flange of the cylinder ( fig . 5 0 ) .

( 2 ) Wrap the chart clockwise around the cylinder, taking care to keep

the beginning firmly in place and the bottom edge against the flange.

Lap the chart end over the beginning ( fig . 5 2 ) .

( 3 ) Hold the chart clip so the outside of the curve is toward the chart.

Insert the straight end of the clip into the slot at the bottom of the cylinder,

lay the clip flat against the lapped portions of the chart, and push the

hooked top down to engage the top notch of the cylinder ( fig . 5 3 ) .

d . Examine the pen each time the chart is changed, and clean it if

necessary (par. 20b ) .

11. WINDING CLOCK . a . Wind the clock every time while the cylinder

is removed from Barograph ML- 3 - ( * ) to install a chart (par. 10 ) .

Never wind the clock while the cylinder is in place in the instrument.

b . The winding key is reached through the open top of the cylinder.

C. Wind in the direction indicated by the arrows beside the key.

( 1 ) Approximately 12 to 14 half-turns of the key will fully wind a

run-down clock.

( 2 ) Approximately 7 to 8 half-turns will be sufficient for the periodic

winding every time the chart is changed .
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12. REPLACING CYLINDER . a . After installing a chart or winding the

clock, put the cylinder back on the shaft in the case .

( 1 ) Before lowering the cylinder all the way so the gears mesh , note

the local time and turn the cylinder so the corresponding curved vertical

( time) line on the chart is lined up approximately with the pen .

( 2 ) Lower the cylinder all the way and make certain that the drive

gear of the clock meshes with the stationary gear on the base.

b . Set the pen accurately on local time (par. 13a ) .

13. PEN ADJUSTMENT. a . Time Setting. ( 1) Move the shifting lever

to bring the pen in contact with the chart ( fig . 2 ) .

( 2 ) Turn the clock cylinder so the correct curved vertical time line is

immediately below the pen . When turning the cylinder, turn it counter

clockwise to take up any backlash in the clock gear train . If necessary,

turn the cylinder clockwise past the correct position and then return it

counterclockwise.

b . Pressure Setting. This is a most important operating adjustment.

Its purpose is to get the pressure-sensitive unit (par. 4b ) in agreement with

a local standard barometer. This is necessary so the record furnished by

Barograph ML- 3 — ( * ) will be accurate.

( 1 ) Determine the pressure indicated by the local standard barometer.

( 2 ) Consider the local pressure range and select one of the chart's zero

horizontal lines (marked .00) to representwhole inches of local pressure.

( 3 ) Turn the knurled adjusting thumbnut at the top of the element

cover ( fig . 2 ) . This nut pulls the pressure -sensitive unit up or lets it

down, and thus moves the pen through the connecting system of levers.

( Barograph ML- 3 - D has a locknut which must be released before the

thumbnut can be turned .)

( 4 ) Turn the thumbnut slowly until the pen touches the chart's hori

zontal line ( fig . 2 ) that, with reference to the .00 line selected in ( 2 ) above,

corresponds with the pressure indicated by the local standard barometer.

(5 ) Lightly tap the base of Barograph ML- 3 - ( * ) while turning the

thumbnut. This will compensate for the lag in response due to the effect

of the dash pots, and insures accuracy of the setting.

(6 ) If there is much variation between the local pressure range and the

sea -level pressure range ( 28 to 31 inches ofmercury ) for which Barograph

ML - 3 - ( * ) is calibrated, a calibration error will be introduced that is

greater than the specified tolerance of 0 .02 inch of mercury. Under such

circumstances, the instrument must be sent to a depot for recalibration .

Do not attempt to recalibrate it in the field . The procedure requires test

chambers in which pressure and temperature can be controlled.

14. INKING PEN . a . Use a special-registering ink (par. 2b ) that will

remain fluid at low temperatures.

b . Ink the pen of Barograph ML- 3 - ( * ) as follows:

( 1 ) Move the shifting lever to lift the pen from the chart.

( 2 ) Put a drop of the ink, such as would normally cling to the end

of a fine wire, between the nibs of the pen . The pen barrel never should

be more than half full.

( 3 ) Start the ink flow by drawing a piece of cellophane or lint-free

paper, such as a piece of chart paper, between the nibs of the pen to wet

the inside surfaces. Do not bend or deform the nibs or allow any par

ticles of paper to remain between them .

( 4 ) Remove any ink from the outside surfaces of the pen .



c. Move the shifting lever to place the pen in contact with the chart.

Close the cover of the case ; the instrument then is ready to measure and

record changes in atmospheric pressure. Keep the cover tightly closed to

protect the working parts against dust and dirt as much as possible

(par. 19) .

15. READING CHART. a . The chart ( W . D . S . C . Form No. 98 ) used

with Barograph ML- 3- (* ) is graduated in inches of mercury at 2 / 2 times
actual scale .

( 1 ) The complete pressure range that can be measured by the baro

graph is 2 / 2 inches ofmercury .

(2 ) In order to register small changes in air pressure, the barograph

is designed so a change in barometric pressure of 1 inch of mercury is

expanded to cover an actual vertical distance of 2 /2 inches on the chart.

( 3 ) Consequently , the complete range of the instrument requires the

61/4 -inch height provided by W . D . S . C . Form No. 98.

b . The chart furnishes a record of changes in air pressure compared with

time. Pressure and time are measured by the pressure-sensitive unit and

Clock ML- 145 , respectively , of Barograph ML- 3 - ( * ) .

( 1 ) The chart is divided vertically ( fig . 2 ) by curved lines, representing

time.

( a ) The curved lines are separated from each other by the distance that

the chart is moved by the clock in 1 hour.

(b ) Every third vertical line is identified by a particular hour designa

tion printed in the top and bottom margins of the chart.

( c ) The lines are curved to agree wtih the arc that must be traversed

by the pen working at the end of the pivoted pen arm .

( 2 ) The chart is divided horizontally ( fig . 2 ) by lines representing

pressure.

( a ) The horizontal lines are separated from each other by the distance

the pen moves vertically in registering a pressure change of 0 .02 inch of

mercury .

(b ) Every fifth horizontal line represents 0 . 1 inch of mercury and is

marked by its decimal number with reference to the .00 line below it

(par. 13b ) .

c. The vertical components of the ink- trace on the chart indicate

changes in pressure occurring during the time intervals indicated by the

horizontallength of the trace.

( 1 ) Pressure readings are taken to the nearest 0 .01 inch of mercury ,

which is one-half the distance between adjacent horizontal lines of the

chart.

( 2 ) Pressure-tendency readings are estimated to the nearest 0.005 inch .

10



SECTION III

FUNCTIONING OF PARTS

16 . PRESSURE -SENSITIVE UNIT (fig . 6 ) . a . The inside of each of the two
bellows of the pressure -sensitive unit (par. 4b ) is partially exhausted of
air and is fitted with an internal spring to prevent collapse.

ELEMENT
POST

EVACUATED
SPACE

KEY

JUNCTURE
OF TWO
BELLOWS

INTERNAL

SPRING

I
N

CORRUGATED
THIN BRASSELEMENT LINK

FASTENING

TL 90809

Figure 6 . Pressure-sensitive unit , cross- section view .

b . The internal springs and the residual air in the bellows combine to

exert a thrust equal to the atmospheric pressure on the bellows.
( 1 ) As atmospheric pressure decreases , the springs and residual air

tend to expand the bellows. The springs and air exert diminishing force
as they expand, until the pressure exerted inside the bellows is in equilib
rium with the reduced outside pressure.

( 2 ) As atmospheric pressure increases, the bellows and the springs and
air inside them are compressed . The springs and air exert increasing force

5056070 - 44 - 2
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as they are compressed, until the pressure exerted inside the bellows is in

equilibrium with the increased outside pressure.

c. The residual air inside thebellowsalso acts to compensate for tempera

ture effects.

( 1 ) The springs inside the bellows tend to become slightly weaker with
increase in temperature.

(2 ) The residual air tends to expand and exerts a stronger pressure

with increase in temperature.

( 3 ) Thus, by controlling the amount of residual air left in the bellows

during manufacutre, the weakening effect of increased temperature on the

springs is compensated for.

17. LEVER SYSTEM . a . The lever system (par. 4c) has a slight over

balance which causes the pivot screw in the magnification lever to rest

always in the bottom of the slot in the element link ( fig . 3 ) when the

instrument is in operation .

( 1 ) The unbalanced portion of the weight of the pen arm is borne by

the bottom of the element link slot. As the bellows expand with reduced

atmospheric pressure, the free end of the pen arm drops of its own weight

and the pivot screw continues to bear against the bottom of the element

link slot.

( 2 ) The slotted end of the element link prevents damage when the pen

arm has dropped its limit or is tied to the shifting lever in shipment.

Further expansion of the bellows in these circumstances cannot exert a

pressure on the lever system because of the element link slot, which slides

by the pivot screw in the magnification lever.

b . The bimetal temperature compensation shaft ( fig . 4 ) is designed to

compensate for temperature effects on the instrument.

( 1) The shaft is made of a strip of invar and a strip of brass, welded

together lengthwise .

( 2 ) The coefficients of expansion of invar and brass are different;

consequently the shaft bends or bows slightly under the influence of

temperature.

( 3 ) The ends of the shaft are fitted in fixed bearings which , since one

end of the magnification lever is clamped to the middle of the shaft,

constitute the fulcrum of that lever.

( 4 ) As the shaft bows under the influence of temperature, it has the

effect of changing the effective length of the magnification lever by varying

the distance between the element link (where the effort is applied to the

lever ) and the fulcrum without changing the position of the latter. Thus

proper adjustment of the shaft compensates for the effect of temperature.

c. The distance that the pen arm moves in response to a given movement

of the magnification lever is dependent upon the distance between two

points on the calibration lever ( fig . 2 ) . They are the point where the

vertical link is attached to the calibration lever ; the point where the

lever attaches at right angles through the pen arm shaft.

( 1 ) Shortening the distance between the two points increases the dis

tance the pen arm will move in response to a given movement of the

magnification lever.

( 2 ) Lengthening the distance between the points decreases the motion

of the pen arm relative to themagnification lever.

( 3 ) This permits adjustment of the calibration lever for various pressure

ranges. The set screw is provided on the pen arm shaft to maintain the

proper adjustment.

12



d . The tendency of movable parts of the instrument to jump and cause

the pen to register an erratic record when disturbed by external vibrations

is retarded by fastening the ends of the calibration lever to plungers work

ing in a viscous fluid ( fig . 3 ) .

( 1) The apex of each cone-shaped plunger points down in the fluid .

Any air trapped below the plunger will tend to rise and escape through

the space between the side of the plunger and the wall of the dash pot.

( 2 ) The clearance between the plunger and the dash pot wall also is

the space through which the dash pot fluid must flow as it is displaced

by themovement of the plunger.

( 3 ) The clearance is only about 0 .006 inch . Consequently the plunger

can be forced down only slowly. Since each end of the calibration lever

is attached to such a plunger, any rapid vertical motion transmitted to the

lever system is damped .

e . The tilted axis ( fig . 7 ) fixes the pen arm so itmust move in a vertical

plane in response to movements of the pen arm shaft, and at the same time

causes the pen to bear against the chart or permits free motion in a curved

horizontal plane.

( 1) Assuming the longitudinal axis of the pen arm horizontal, the

pivots of the tilted axis are inclined about 45° from the vertical in a plane

perpendicular to the horizontal axis of the pen arm shaft. Thus any

sidewise movement of the end of the pen arm must occur in a concave

curved plane, and gravity will tend to keep the end of the pen arm at the

lowest point in that curve.

( 2 ) The chart cylinder is located so the lowest point of the theoretical

concave curved path occurs within the chart cylinder. Consequently, the

pen at the end of the pen arm bears against the chart with a pressure

resulting from the pull of gravity . Correct pen pressure depends upon the

barograph being level.

18. CLOCK MOVEMENT. a . The clock movement rotates itself and the

chart cylinder in which it is mounted around on the main shaft fastened

to the base ofthe barograph .

b . The large spur gear on the main shaft remains stationary with the

shaft when the shaft is fastened properly to the base.

c. The off -center drive gear of the clock engages the stationary gear

when the chart cylinder is in position on the main shaft.

d . The spring mechanism of the clock rotates the drive gear, which

revolves itself around the circumference of the stationary gear.

13
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SECTION IV

MAINTENANCE

Note . Unsatisfactory performance of this equipment will be reported

immediately on W . D ., A . G . O . Form No. 468. İf form is not available,
see TM 38 – 250.

19. DUSTING . Keep the working parts of Barograph ML- 3 — ( * ) free of

dust. Carefully use a clean camel's hair brush for the purpose.

20 . CLEANING PEN . a . Whenever the pen is notmaking a fine line on

the chart, draw a piece of cellophane or lint-free paper between the nibs

(par. 14b ( 3 ) ) .

b . If that does not improve the line, wash the pen with alcohol or water.

( 1 ) Hold the pen arm with one hand to relieve the tilted axis of strain ,

and slide the pen from the end of the pen arm with the other hand.

Be careful not to bend the pen arm .

( 2 ) Lightly scrape off any dried ink from the outside of the pen before

washing it.

(3 ) Dry the outside of the pen with a clean cloth. Dry the inside by

drawing clean lint-free paper between the nibs.

(4 ) Replace the pen and seat it against the shoulder provided on the

pen arm , again holding the pen arm with the other hand to protect the

tilted axis from strain .

( 5 ) Ink the pen (par. 14) .

c. The ink in the pen will tend to absorb moisture in humid weather

(par. 21a) and may completely fill the pen barrel and run down the pen

arm . Use a small piece of blotting paper and remove all the ink from the

pen . Then refill it (par. 14 ) .

21. DASH POTS. a . Watch the level of the fluid in the dash pots. It is

hygroscopic and will tend to absorb moisture in periods of high relative

humidity , such as foggy weather or prolonged periods of mist or light rain .

b . Keep the level of the fluid about 3/8 inch below the top of the dash

pot. Remove excess fluid with an eyedropper, and add new fluid when

ever the level falls below 3/8 inch from the top . Completely empty the

dash pot whenever the fluid becomes excessively diluted by absorption of

moisture , and replace with new fluid .

22. LUBRICATING . a. Barograph ML - 3 - (* ) requires little lubrication .

Be sparing in the use of oil. Too much oil tends to collect dust and con

sequently increases friction of the moving parts , which defeats the purpose

of lubrication .
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b . Use grade No. 1 watch oil (par. 2b ) or special preservative lubricating

oil ( specification AXS–777 ) . Apply the amount that clings to the end

of a very fine wire to the following parts :

( 1 ) The three pivots on the calibration lever (fig . 2 ) .

( 2 ) The bearings at the ends of the bimetal temperature compensation

shaft ( fig . 4 ) .

( 3) The element link and the vertical link pivots on the magnification

lever ( fig . 3) .

Caution . Remove the clock cylinder from the case and use an eye

dropper to remove the fluid from the dash pots before turning the instru

ment upside down to reach parts to be lubricated .

23. CLOCK ML-145. a . FAST -SLOW Adjustment. If Clock ML- 145

runs fast or slow , adjust it by the regulator provided near the winding key

on the top of the clock case.

( 1 ) Open the sliding window of the regulator.

( 2 ) Move the regulator arm toward FAST if the clock has been

running slow , or toward SLOW if it has been running fast.

( 3 ) Each graduation of the regulator represents 42 seconds in 24 hours.

( a ) The clock will speed up 42 seconds per day, or about 5 minutes per

week , for each graduation that the regulator is moved toward FAST.

( b ) The clock will slow down 42 seconds per day, or about 5 minutes

per week, for each graduation that the regulator is moved toward SLOW .

(4 ) Since the chart cylinder cannot be set as close as 5 minutes to local

time (par. 13a ) , an adjustment of the clock regulator within one gradua

tion of correct timewill be satisfactory.

b . Repair. Do not attempt to repair the clock inovement or to adjust

it in any way except as instructed in a above. Never remove the clock

movement from the chart cylinder in which it is mounted. Send the

complete unit, including the shaft and gear on the instrument base , to a

depot for repair.

( 1 ) Move the shifting lever to the right to hold the pen away from

the chart.

( 2 ) Lift the cylinder from the shaft.

( 3 ) Unscrew the wing nut ( figs. 3 and 4 ) and remove the shaft and

gear from the base . Screw the wing nut and washer back on the removed

shaft .

( 4 ) Pack the cylinder and the shaft and gear very carefully . The shaft

and gear willbe necessary to test the clock after repair.

24. MOISTUREPROOFING AND FUNGIPROOFING . Barograph ML

3 --( * ) does not require moistureproofing or fungiproofing.

25 . RECALIBRATION (FOR DEPOT USE ONLY ). a . Purpose. Baro .

graph ML - 3 - ( * requires recalibration for use at a pressure range that

varies considerably from the range for which the instrument was calibrated

originally ( par. 13b (6 ) ) .

5 . Equipment. Recalibration of Barograph ML - 3 - ( * ) can be accom

plished only with special test chambers in which the temperature and

pressure can be controlled.

c. Preliminary pressure calibration . Put the instrument in a pressure

chamber in which a pressure range of 29/2 inches of mercury within the

limits prescribed by the intended location is available. Adjust the instru

mentto that range, as follows:
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( 1 ) Loosen the set screw that holds the calibration lever in position

through the pen arm shaft.

( 2 ) Slide the calibration lever to increase or decrease the recording

range to agree with the pressure range in the test chamber (par. 17c) .

( a ) This preliminary adjustment may be approximate since it will be

necessary to calibrate again for pressure after compensating for

temperature.

(6 ) Tighten the set screw .

d. Temperature compensation . (1 ) Check the instrument for tem

perature effects, as follows:

( a ) Subject the instrument to a temperature of 100° F . for 1 hour.

Observe the position of the pen and note the pressure as indicated by a

standard barometer.

( 6 ) Place the instrument in a cold chamber at 32° F . for 1 hour, again

observing the pen position and noting the pressure.

( 2 ) If the two positions of the pen differ by more than 0 .04 inch of

mercury after taking into consideration any change in pressure indicated

by the standard barometer, the instrument must be adjusted for tempera

ture (par. 17b ) .

(3 ) Loosen the screw that clamps themagnification lever to the bimetal

temperature compensation shaft ( fig . 4 ) .

( 4 ) Rotate the bimetal temperature compensation shaft enough to com

pensate for the error. Turning the shaft through 90° compensates for

an error of 0 . 1 inch ofmercury.

( a ) If the pen indicates a higher pressure at 32° F . than at 100° F .,

turn the shaft clockwise, as viewed in figure 3 .

( b ) If the pen indicates a lower pressure at 32° F . than at 100° F ., turn

the shaft counterclockwise .

( 5 ) Tighten the clamping screw , and retest as instructed in ( 1 ) above.

Repeat procedure in ( 3 ) and ( 4 ) above if necessary.

e . Final pressure calibration . ( 1 ) Return the instrument to the pres

sure chamber.

(2 ) Repeat the procedure described in c above, this time sliding the

calibration lever to the exact position through the pen arm shaft to make

the recording range of the instrument agree with the pressure range in

the test chamber.

( 3) Finally , tighten the set screw to hold the calibration lever in the

correct position .



SECTION V

SUPPLEMENTARY DATA

26 . MAINTENANCE PARTS LIST FOR BAROGRAPH ML- 3 -4 * ).

NOTE . Order maintenance parts by stock number, name, and description .

Only maintenance parts can be requisitioned .

SignalCorps

stock No.
Name of part and description

3d 4th 5th

eche- eche- eche

lon lon lon

Field De

depot pot

Quan.
I per

major
tion

7A203 ( ) - | Barograph MI- 3 - ( * ) :

24 - 1 'microbarograph ;

4 -day movement.
7A203 /Al. - - Arm , pen . - - - - -

7 A 1208 - - Pen , nib type with ink

space,

7A857. Fluid , dash pot (bottle
sufficient for one re
newal).

7A585_ Clock ML- 145, with

shaft, gears, wing nut,

and winding key .

7A203/C1. . . Clip , chart - - - - -

7A302 A / 2 - - Glass, 434 by 742 by ap

proximately 0 .090 "

thick .

7A1100 . Ink , special register,
green , 44 -oz bottle .

7A1101. .. . Ink , special register, red ,

14 -oz bottle.

7A1102 . . Ink , special register, pur

ple, 14 - oz bottle.

6D98 . - - - - - W . D . S . C . Form No. 98 ,

4 -day, box of 100 .

6G 1339 . Oil, watch , grade A1,

E
E
E
E
E
E
E
E 1
1€

D
E
T

E
E

E
E
E
E
E

nongum l -oz bottle .

*Indicates availability .

U . S . GOVERNMENT PRINTING OFFICE . 1944
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THERMOGRAPHS ML-77, ML-77- A , AND ML-277 )

CHANGES - -- - WAR DEPARTMENT

No. 1 WASHINGTON 25, D . C ., 14 November 1945

TM 11 -426 , 17 July 1944, is changed as follows :

The title of this manual is changed to read : THERMOGRAPHS

ML- 77, ML- 77 - A , AND ML -277.

1 . PURPOSE (Superseded ) . Thermographs ML - 77 and ML - 77 - A

( fig . 1 ) , and ML - 277 ( fig . 2 ) are self-contained instruments for

producing a continuous permanent record of temperature on a

paper chart. The record normally covers a period of 1 week , but

provision is made for a daily record for special circumstances.

Thermographs ML - 77 and ML - 77 - A are identical and are used

in all atmospheric temperatures above - 50° F . ; all references to

Thermograph ML -77 in this manual also apply to Thermograph

ML- 77 - A . Thermograph ML- 277 is usable for temperatures as

low as — 80° F . and therefore is intended only for Arctic regions.

paper charts made for and ML-7

2. COMPONENT PARTS. a. Thermograph ML- 77 .

( 2 ) (Superseded.) The items listed below must be procured

separately . They are used with Thermograph ML- 77 but are not

supplied as part of the equipment.

Signal Corps

Item stock No.

Ink, special register, purple . 7A1101

* Thermograph Chart ML- 234 (range - 50°

to + 80° F .) . 7A5291 - 234

* Thermograph Chart ML - 235 (range — 20°

to + 110° F .) ------ - - - - - - - - - - - - - - - - - - - - - - - - ---- - 7A5291 – 235

b . Thermograph ML- 277.

(2 ) (Superseded.) The items listed below must be procured

separately . They are used with Thermograph ML- 277 but are

not supplied as part of the equipment.

# The temperature range of Thermograph ML - 77 is 160° ( - 50° to + 110° F . ) , but the record

ing range at any setting of the adjusting thumbnut is only 130°. Note that each of the charts

for Thermograph ML- 77 covers 130°, one chart beginning at the lower end ( - 50°) of the tem

perature range, and the other chart ending at the highest end ( + 110° ) , so that between the

two charts the entire temperature range of the thermograph can be utilized .

AGO 2440C - Nov . 671823° - 45



SignalCorps

Item stock No.

Ink , low -temperature - 7A1099

Thermograph Chart ML- 233 (range - 80°

to + 50° F .) --- 7A5291 - 233

+ Thermograph Chart ML- 234 (range - 50°

to + 80° F .) ------- 7A5291 -234

Figure 2. - Thermograph ML-277, development model ( the temperature element

of the production model does not have radiation fins (see fig . 6 ) ) .

Figure 4 . - Thermograph ML-77 — top interior view , showing clock spindle ,

clock change gears with cover removed , and indicating mechanism .

4 . COMPARISON OF THERMOGRAPHS ML- 77 AND ML-277. Pri
marily , Thermograph ML- 277 differs from Thermograph ML-77

in three respects : the temperature element, the vertical link and

accessories (ink , clock , and charts) , and the range of operation .
In all other * * * thermographs are identical.

Note. (Superseded .) Clock ML- 279 , which is used with Thermograph

ML- 277, is similar to Clock ML- 79- A , the only difference being that Clock

ML-279 is more loosely assembled for ability to perform at low temperatures

and is lubricated with a low temperature oil.

*
*

b . Temperature element.

* *

(2 ) Thermograph ML- 277 ( fig . 6 ) . The temperature ele
ment * * * the pen arm . The bimetallic strip * * * and

best exposure.
c. Temperature charts. (Superseded.) ( 1 ) Thermograph Charts

ML- 233 , ML - 234, and ML- 235 , each cover a temperature range

of 130° on their vertical scales, with each graduation representing

1° F . and with each 10° F . interval labeled . Time is read on the

horizontal scale of each chart, with each division representing an

interval of 2 hours.

( 2 ) Thermograph Charts ML- 233 , ML- 234 , and ML - 235 are

identical in all respects except for the labeling of the temperature

graduations. Thus, any of the charts will fit on Thermograph

ML - 77 or ML-277 , but because the ranges of labeled graduations

vary with the charts, the chart to be installed each week must be

selected with a view to the anticipated range of temperatures over

which the thermograph is to operate, and with a view to the range

limitations of the thermograph itself . (See par. 1 .) The pen

of the thermograph must be set to read in agreement with the

graduations on the chart selected . (See par. 11b . )

# The temperature range of Thermograph ML- 277 is 160° ( -- 80° to + 80° F .) , but the record

ing range at any setting of the adjusting thumbnut is only 130° . Note that each of the charts

for Thermograph ML- 277 covers 130°, one chart beginning at the lower end ( - 80° ) of the

temperature range, and the other chart ending at the highest end ( + 80°) , so that between the
two charts the entire temperature range of the thermograph can be utilized .

AGO 2440C
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Figure 6 . - Thermograph ML- 277, production model, shown with case removed .
(The developmentmodel ( fig . 2 ) had radiation fins along the sides of the
temperature element.)

II. ADJUSTING PEN TO TEMPERATURE. a. (Superseded.) Use
Thermometer ML - 7 or the dry bulb thermometer of Psychrometer
ML- 24 as a standard for comparison of the thermograph reading.
If the thermograph is not located in an instrument shelter, hold
the thermometer as near as possible to the temperature element of
the thermograph. If the instruments are in an instrument shelter,
leave the thermograph and the thermometer in their normal posi
tions in the shelter. Allow sufficient time for both the thermo
graph and the thermometer to reach temperature equilibrium with
the surrounding air. In making comparative readings, partic
ularly when the temperature of the air is low , take care to prevent
body heat from heating the instruments .

b . Turn the temperature * * * lowers the pen . If the
instruments are not installed in an instrument shelter, be
sure to perform this adjustment in a location where there is good

AGO 2440C



circulation of air around the temperature element and standard

thermometer. Never use the * * * of the thermograph . Ad

just the reading of the thermograph to the reading of the ther

mometer whenever charts are changed .

14. TEMPERATURE ELEMENT.

*
*

b . Thermograph ML-277.

*

( 2 ) Rescinded.

15. VERTICAL LINK AND CALIBRATING MECHANISM .

b. Thermograph ML- 277. ( 1 ) Vertical link. The vertical link ,

* * * above 80° F .

(a ) Spring. The spring ( fig . 6 ) keeps the pin , which engages

the vertical link, in contact with the upper end of the slot in the

vertical link over the entire range of the temperature chart in use.

SECTION IV

MAINTENANCE

Note ( Superseded ) : Failure or unsatisfactory performance of equipment

used by Army Ground Forces and Army Service Forces will be reported on WD

AGO Form 468 (Unsatisfactory Equipment Report ) ; by Army Air Forces on

AAF Form 54 (Unsatisfactory Report ) . If either form is not available, pre

pare letter containing the data elicited by the appropriate one of the sample

forms shown in figures 9 and 10 without reproducing copies of the forms.

17.1 . MEANING OF PREVENTIVE MAINTENANCE (Added ). Preven

tive maintenance is a systematic series of operations performed

periodically on equipment in order to maintain top efficiency in

performance, to minimize unwanted interruptions in service, and

to eliminate major break -downs. To appreciate the meaning of

the term preventive maintenance, it is necessary to distinguish

preventive maintenance from trouble shooting and repair . The

primary function of preventive maintenance is to prevent major

break -downs and the consequent necessity of repair . The primary

function of trouble shooting and repair is to locate and correct

existing defects. The importance of preventive maintenance can

not be overemphasized . The usefulness of Thermograph ML- 77

or ML - 277 depends upon its continuous operation at highest pos

sible accuracy . Consequently , users and repairmen of thermo

graph equipment mustmaintain equipment properly.

Note. The operations in paragraphs 18, 20 , 21, 22 , 23, and 24 are first and
second echelon (organization operators and repairmen ) maintenance. The

operations in paragraphs 19 and 25 are higher echelon maintenance.

AGO 24400



17.2 . DESCRIPTION OF PREVENTIVE MAINTENANCE TECHNIQUES

(Added ) . a . General. Most of the parts of any piece of equip

ment require routine preventive maintenance. Those requiring

maintenance differ in the amount and kind required . Because

maintenance techniques cannot be applied indiscriminately , defi

nite and specific instructions are needed. The remainder of this

paragraph contains information which will serve as a guide for

personnel assigned to perform the six basic maintenance opera

tions, namely : Feel, Inspect, Tighten , Clean , Adjust, and Lubri

cate. The standard lettering system for the six operations is as

follows:

F - Feel *

1 - Inspect

T _ Tighten

C - Clean

A - Adjust

L - Lubricate *

The first two operations establish the need for the other four. The

selection of operations is based on a general knowledge of field

needs. For example, in dusty localities dust will filter into the

equipment no matter how much care is taken to prevent it . Rapid

changes in weather (such as heavy rain followed by blistering

heat) , excessive dampness, snow , and ice tend to cause corrosion

of exposed surfaces and parts. Without frequent inspections and

the necessary tightening, cleaning, and lubricating operations,

equipment becomes undependable and subject to break -down when

it is most needed .

b . Inspect. Inspection is the most important operation in the

preventive maintenance program . A careless observer will over

look the evidences ofminor trouble . Although these defectsmay

not interfere with the performance of the equipment, valuable time

and effort can be saved if they are corrected before they lead to

major break -downs. Make every effort to become thoroughly

familiar with the indications of normal functioning, in order to be

able to recognize the signs of a defection . Inspection consists of

carefully observing all parts of the equipment, noticing their color,

placement, state of cleanliness, etc .

c. Tighten, clean , and adjust. These operations are self-explana

tory. Specific procedures to be followed in performing them are

given where necessary throughout the succeeding paragraphs in

this section .

Caution : Screws, bolts , and nuts should not be tightened care

lessly. Fittings tightened beyond the pressure for which they are

designed will be damaged or broken .

19 . (Superseded .) OILING CLOCK MOVEMENT OF THERMOGRAPH

ML- 77 OR ML- 277. The clock movement of Thermograph ML- 77

or ML- 277 is to be oiled only at an instrument repair depot.

* The Feel and Lubricate operations are not applicable to Thermograph ML- 77 or ML - 277.

AGO 2410C
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a. Exposures above 0° F. Use Oil, Clock and Watch (OCW ) for
exposures above 0° F .

b . Exposures below 0° F . Use Oil, Lubricating Preservative,

Special (PS ) , for subzero exposures.

C. Clock shaft. Cover the upright shaft with a light film ofGrease,

Lubricating, Special (GL ) , but take care that no grease gets on the

pinion or gear.

24. ( Superseded .) RESETTING RANGE OF THERMOGRAPH ML- 77

OR ML- 277 IN THE FIELD . If the daily range of temperatures as

indicated by the thermograph differs persistently from the daily

range as indicated by themaximum and minimum thermometers

binnation as ornate noihration
by asmuch as 2º, in a range of 20° or less, the instrument is out of

calibration . Accurate recalibration can be made only at a repair
e m

depot. Field personnel, however, sometimes can bring the instru

ment back into calibration by resetting the range adjustment. If

the range as indicated by the thermograph is less than the range

indicated by the thermometers, the pen arm is swinging over too

short an arc and the sweep of the pen arm should be increased . If

the range as indicated by the thermograph is greater than that indi

cated by the thermometers, thepen arm is swinging over too long an

arc, and the sweep should be decreased .

a . Increasing sweep of pen arm . If the pen arm is swinging over too

short an arc, proceed as follows ( fig . 8 ) :

( 1 ) Loosen the setscrew in the calibrating block .

( 2 ) Turn the calibrating nut clockwise to move the vertical link

nearer the horizontal shaft. This increases the sweep of the pen

arm . Two or three turns of the calibrating nutmay be necessary

to take care of a 2° or 3° variation in the temperature range.

( 3 ) Tighten the setscrew after the adjustment is made.

( 4 ) Reset the temperature adjusting thumbnut to the existing

temperature.

(5 ) Observe the temperatures recorded by the thermograph

long enough to get a maximum and a minimum reading. If the

range still is incorrect, repeat the procedure until the required

accuracy is obtained .

b . Decreasing sweep of pen arm . If the pen arm is swinging over

too long an arc, proceed as instructed in a ( 1 ) through (5 ) above,

except turn the calibrating nut to move the vertical link away from

the horizontal shaft. This shortens the sweep of the pen arm .

26 .1. UNSATISFACTORY EQUIPMENT REPORT (Added ) . a. AGF or

ASF equipment. When trouble in equipment used by ArmyGround

Forces or Army Service Forces occurs more often than repair per

sonnel feel is normal, War Department Unsatisfactory Equipment

Report (WD AGO Form 468) should be filled out and forwarded

through channels to the Office of the Chief Signal Officer, Wash

ington 25 , D . C . If the form is not available, prepare letter con

taining the data elicited by the sample form shown in figure 9

without reproducing copies of the form .

AGO 2440C



b . AAF equipment. When trouble in equipment used by Army
Air Forces occurs more often than repair personnel feel is normal,
Army Air Forces Form 54 should be filled out and forwarded as
directed on the form . If the form is not available , prepare letter
containing the data elicited by the sample shown in figure 10 with
out reproducing copies of the form .

DATI 25

WAR DEPARTMENT

UNSATISFACTORY EQUIPMENT REPORT
TECHNICAL SERVICE

FOR Signal Corps Jun 44MATERIEL
ORGANIZATION

FROM STATION APO 000 ,
ooth Field Artillery Observation Battalion New York , N

NEXT SUPERIOR MEADQUARTERS STATION TECHNICAL SERVICE
TO I commanding General , X Corps APO 00 ,New York , N . Y ! Signal Corps

COMPLETE MAJOR ITEM
NOMDIDATURE MODE

Wind Transmitter ML - 0 - 2
MANUFACTURER U . A . Ada . Mo , SERIAL NO . DATE RECEVED

A . B . C . Company 0000 10 June
RUITMENT WITH WHICH USED (V applicable)

Wind Equipment SCM - 00
DEFECTIVE COMPONENT- DESCRIPTION AND CAUSE OF TROUBLE

PAITA . TYPE MANUFACTURER DATE INSTALLED

7A000 . 1 Anemometer head X . Y . Z . Corporation 10 Jun 44
DOCRIPTION OF FAILURE ANO PROBABLE CAUSE (11 oddireneloper reputred, wehact of form )

Field coils failed (probably because of humid conditions
DATE OF INITIAL TROUEU TOTAL TIME INSTALLED TOTAL PERIOD OP OPERATION REPORT FAILURE

YLARI MONTHS DAYS YEARS MONTHS DAYS MOURIMILD ROUND

15 Jun 44 106

0000

OMO DOCRITION OF UNUSUAL SERVICE CONDITIONS AND ANY ROMEDIAL ACTION TAKEN

Operation in tropics. Unit oven -dried 8 Feb 44 .
TRAINING OR SKILL OF USING PERSONNEL ECOMMENDATIONS ( donde repared , war dert

FAIR Cooo

x Redesign generator shaft .
ORIGINATING OFFICER

TYD NAME, ONADE, AND ORGANIZATION SOMTURE
John A . Doe , Capt . , FA , Asst S - 3
00th FA Observation Battalion on John A . Dae

FIRST ENDORSEMENT
TOXOCAL na orna

TO CHIEF

NAME, ORADE, AND STATION GTANON

Instructions

L

L. It to part that tbe chloro technie k end advied at the last prutlal moment y atractional ,da operational food a mortel
The form be doned to notata di roport 4 to provide alterna method of mabaiting there d dote

1 Thu for bewed for reportingm a ture, dodan , ereperational defecte la materiel. potrebam tools, abrienste, sad proving materials a ree
ta proring sed commoting sed dots un to roccanding modifications of atrial

1 Theform will not bed for parted e latedmaterial delete armatanotions of material resulting from Mrwend-torroeldental dama Mr for the
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Figure 9 .- Sample filled -out Unsatisfactory Equipment Report (AGO
Form 468 ) .
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VAR DEPARTMENT

WAR DEPARTMENTAF Form No .
( ke - 16 43)

TO BE FILLED IT OY STATION ARMY AIR FORCES
STATION SERIAL BATE SERMITTLU NSATISFACTORY REPORT

14 . PAD 5 Jan 14
( Mar Bog. 16-54 for latermate Proper Duel this form )

W ILAI
RESEA TOLLL SERIAL A CLASS

STATION ORGANIZATION

Panama Air Dopot 909th Signal Co Depot Ava
WOJECT Property Class - tam . Warto tarer
REPORT Radio Set SCR -588 - B , v . 9 . Ser . # 50 R . E . L .

MINCRAIT - Model & MA ! Serial No. (UG - Medel & MS Serial La MIT OR ACCESSORT - fre, Medal fortal

Antenna Control XC - 388 - B
LAST I , LL - Depot Flytog Time SiousA

C
H
I

UNGINE LAST OVERRASL - Depot Depots and desAr Lack Previews frontal
REPORTS
ONLY

Part Brelog , Serial and Specificaties la
A Plate Transformer , R . E . L . 14033 | Item Ti , Fig 21 , Power Turning Gear Bk
R Timo le tue Onsetity k wa Detrative Me. Previous fallure Manufacturer Inspector' Meer Montification

14,50 hours Hammond X31752
Jeid Sent Isder Repairs and in Diaposed of to brorhand

Diapeitia and Parts Attached Returned to
Leclean Instructions Paakan Benelu ( HAITIALS)

GIVE COMPLETE DETAILS , PROBABLE CAUSES AND RECOMMENDATIORS BELOW :
( the Only Applilestie Spases Abert - Aushi restery Repetition )

fer
e )

EXPEDITE

1 . This organization has experienced three ( 3 ) plato transformer failuros in the
Thyratron control of an Early Warning Ground Radar Set , SCR - 588 -B , located in the
vicinity of Panama . This set has been in operation for approximately nine ( 9 )
months , twenty - four (24 ) hours a day , except when shut down for brief periods dur.
ing which time the set was given a complete preventive maintenanco check -up.
This set has had an inspection by an engineer from the PAD monthly and no abnormal
operating conditions were observed .

2 . While the Thyra tron is not equipped with the Thyratron Fan Modification Kit ,
No . 588B - A2 , the operating temperature was not abnormal due to air conditioning
of the room and also to the removing of the Thyratron sido panels . The operating
room was maintained at 72º and humidity at 50 % .

U
R

3 . Aftor being in service for about two months , the transformer became very hot,
snoke poured out , and antenna became inoperative . Upon investigation , one secon
dary of the transformer was found to have had shorted turns . The circuit and
all relative parts and components were thoroughly checked afterward and proved
in proper working condition . This transformer had been impregnated against mois
ture . This part had beon manufactured by the Hammond Company . The two previous
defective parts had beon manufactured by the Canadian Transformer Company .

L . It is the opinion of this organization that the fault lies in imporpor design
of the transformer . As a substitute , four small receiver type transformers were
Installed externally , which proved operationally satisfactory .

BEND ORIGINAL AND TWO COPIES DIRECT TO COMNANDING GENERAL
NO. AIR SERVICE COMMAND , PATTERSON FIELD, FAIRRELD, ONIO .

* . STUNDUNT MISS IM N - 641 UR 74.902TLI932

Figure 10.-- Sample filled -out Unsatisfactory Report (Army Air Forces
Form 54) .
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29. MAINTENANCE PARTS FOR THERMOGRAPHSML- 77 AND ML-277

(Added ) . The following information was compiled on 16 June

1945 . The appropriate pamphlets of the ASF Signal Supply

Catalog for ThermographsML- 77 and ML - 277are :

Organizational Spare Parts :

SIG 7 -ML- 77

SIG 7 -ML -277

Higher Echelon Spare Parts :

SIG 8 -ML-77

SIG 8 -ML- 277

Fixed PlantMaintenance List :

SIG 10 – 900, Meteorological Equipment

For an index of available catalog pamphlets, see the latest issue of

ASF Signal Supply Catalog SIG 2 .
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TM 11 -426 , ThermographsML-77 and ML- 277, is published for the

information and guidance of all concerned.
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DESTRUCTION NOTICE

WHY- To prevent the enemy from using or salvaging this equipment for
his benefit .

WHEN — When ordered by your commander.

HOW - SMASH - Use sledges, axes, handaxes, pickaxes, hammers, crow

bars, heavy tools.

CUT— Use axes, handaxes,machetes .

BURN — Use gasoline, kerosene, oil, flame throwers, incendiary

grenades.

EXPLOSIVES — Use firearms, grenades, TNT.

DISPOSAL - Bury in slit trenches, fox holes, other holes. Throw

in streams. Scatter.

USE ANYTHING IMMEDIATELY AVAILABLE FOR DESTRUCTION

OF THIS EQUIPMENT

WHAT- SMASH – Clock ML -79- A , carrying case , linkage system ,

temperature elements, ink and oil bottles, gears.

CUT- Temperature charts, Bourdon tube.

BURN - Temperature charts .

BEND — Pen , linkage system , Bourdon tube, spring clip .

BURY or SCATTER – Any or all of the above after destroying

their usefulness .

DESTROY EVERYTHING



SECTION I

DESCRIPTION

1. PURPOSE. Thermographs ML- 77 (fig . 1) and ML-277 (fig . 2 ) are

self-recording thermometers, each producing a continuous record of tem

perature over a period of time. Thermograph ML - 277 is used in Arctic

climates. Thermographs ML -77 and ML -277 each produce either a

weekly or a daily record .

2 . COMPONENT PARTS. a. Thermograph ML- 77. (1) The compo

nent parts of Thermograph ML -77 are:

One temperature measuring -and -recording mechanism , mounted in

case .

One clock ML-79 - A .

One pen .

( 2 ) The items listed below must be procured separately . They are used

with Thermograph ML-77, but are not supplied as part of the equipment.

Signal Corps

Item stock No.

Ink , special register, green . . . 7A1100

Ink , special register, purple . . . . 7A1101

Ink, special register, red . . . 7A1102

Oil, watch , grade No. 1 . . . . . 6G1339.1

Form SC - 120 - A . . . . . . . . . . . 6D120A

Temperature charts, range – 50° F . to + 80° F . . . . . . 7A1797 /C2

6 . Thermograph ML- 277. ( 1) The component parts of Thermograph

ML -277 are:

One temperature measuring-and-recording mechanism , mounted in

case .

One Clock ML - 279.

One pen .

(2 ) The items listed below must be procured separately . They are

used with Thermograph ML- 277 , but are not supplied as part of the

equipment.
Signal Corps

Item stock No.

Ink , low -temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7A1099

Oil, low -temperature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . 7A1977/01

Temperature charts, range -- 50° F . to + 80° F . . . . . . . 7A1797 /C2

Temperature charts, range -- 80° F . to + 50° F . . . . . . . 7A1797 /C1

3 . DIMENSIONS AND WEIGHT. The over-all dimensions of Thermo

graphs ML -77 and ML -277 are identical. The dimensions are: length ,

13 % inches; width , 536 inches ; height, 836 inches. Each thermograph



TL 91003

Figure 1. Thermograph ML-77, with case.

TL 91004

Figure 2. Thermograph ML- 277 , with case .



case , including Clock ML-79 - A , weighs about 10 pounds when unpacked

and about 15 pounds when packed .

4 . COMPARISON OF THERMOGRAPHS ML-77 AND ML-277.

Primarily, Thermograph ML- 277 differs from Thermograph ML -77 in

three respects : the temperature element, the vertical link and accessories

(par. 15) , and the temperature charts . In all other details the thermo

graphs are identical.

a . Clock ML-79 - A (fig . 3 ). Clock ML -79 - A is a jeweled clock which

is contained within a brass cylinder. The clock operates 8 days on one

winding and makes one revolution weekly or daily, depending upon the

particular set of gears in use . There is an opening for the main clock

shaft through the center of the clock unit. The shafts for the weekly and

FLANGE

WINDING KEY MAIN CLOCK
SHAFT OPENING WEEKLY GEAR

PINION

TL 91011

Figure 3. Clock ML-79 - A , top and bottom views.

daily gear pinions are on the under side of the clock, to the left and right

of the main clock -shaft opening. The winding key and the FAST-SLOW

adjustment window are located inside the top of the clock .

Note : Clock ML-279, which is used with Thermograph ML-277, is identical with

Clock ML-79- A , except that it has been previously lubricated with a special lubricating

oil.

(1 ) Gears. Two sets of gears, a weekly set and a daily set, are provided .

Theweekly set ismarked 176E , and completely rotates the cylinder once in

176 hours. The large weekly stationary gear is mounted on themain clock

shaft (fig . 4 ) . The small weekly drive gear is fastened on the clock shaft

labeled WEEKLY (fig. 3 ). The set of daily gears is kept under the clock

change-gear cover . This set is marked 29F , and completely rotates the

cylinder once in 29 hours. The daily gears are not normally used .

(2 ) Cylinder . The brass cylinder which contains the clock movement is

358 inches in diameter at the center, 315, 6 inches in diameter at the bottom



flange, and 546 inches high (54 inches high with the flange). The spring
chart clip , which fits through a slot in the cylinder flange and fastens over

a notch in the top rim , holds the temperature chart firmly in place.

6 . Temperature element. ( 1 ) Thermograph ML-77 ( fig . 5 ) . The temper

ature element of Thermograph ML -77 is a liquid - in -metal thermometer

WEEKLY

STATIONARY
GEAR

CLOCK CHANGE GEARS

DAILY STATIONARY DAILY DRIVE
GEAR GEAR

ADJUSTING

THUMBNUT

MAIN SHAFT TL:91009

Figure 4 . Thermograph ML- 77 — top interior view , showing clock spindle and indicating mechanism

WINDING KEY

SHIFTING ROD

CLOCK CHANGE - GEAR COVER

PEN ARM ADJUSTING THUMBNUT

SPRING CLIP

PEN

BOURDON TUBE
THERMO

ELEMENT

BRACKET

PEN ARM SHIFTINGLEVER

ادلا
ر

ليليللينيلرب
TL 91007

Figure 5. Thermograph ML- 77 , case removed .

called a Bourdon tube. The liquid used is alcohol. One end of the

Bourdon tube is fixed to a rigid thermo-element bracket, while the other

end is connected through a system of linkages to the pen arm . The tube

is made of thin phosphor bronze and has a gold-plated external surface to

minimize the effects of radiations. The tube is oval in cross -section and is

sealed at both ends. It is mounted outside the case on a bracket support

to provide for maximum ventilation and best exposure .



( 2 ) Thermograph ML- 277 (fig . 6 ) . The temperature elementof Thermo

graph ML-277 is a tapered bimetallic strip composed of invar and brass

welded together. One end of the temperature element is fixed to the rigid

thermo-element bracket, while the other end is connected through a system

of linkages to the pen arm . A radiation fin is attached to each side of the

temperature element. The bimetallic strip ismounted outside the case on

a bracket support to provide for maximum ventilation and best exposure.

c. Temperature charts. (1 ) Thermograph ML-77. Form SC - 120 - A (fig .

7 ) is the weekly chart. On the vertical scale , each division represents 1° F .

Temperature divisions are labeled in steps of 10°. The chart covers a tem

perature range of — 20° F . to + 110° F . Time is read on the horizontal

scale . Each division on the horizontal scale represents a time interval of

2 hours. For temperatures below — 20° F ., readjust the thermograph

BIMETALLIC ELEMENT

SPRING

VERTICAL LINK

(SLOTTED)

AAAAAAAAA

STOP
RADIATION

FIN

TL 91006

Figure 6 . Thermograph ML- 277, case removed .

(par. 116.) and use a temperature chart, range — 50° F . to + 80° F . (See

( 2 ) below .)

( 2 ) Thermograph ML- 277. Thermograph ML- 277 uses two kinds of

charts. One chart is graduated in labeled intervals of 10° from — 80° F .

to + 50° F . The other chart ranges from — 50° to + 80° F . Each chart

extends over a range of 130° F., but by use of both charts a total range of

160° F . may be accommodated . Two charts are necessary, since arctic

temperatures may rise above + 50° F . and fall below – 50° F . at the same

station . Time is read on these charts in the sameway as on Form SC

120 - A (see (1 ) above).

d . Pen. The recording pen is made of nickel-silver. The point of the

pen is formed by two triangular nibs which fit closely together. The

barrel is a round reservoir which holds a week's supply of ink. The pen is

held firmly on the pen arm by a set of frontand rear clamps on the top of

the pen .

e . Special register ink. The ink readily absorbs and retains moisture.

It is available in three colors : green , purple , and red . The ink contains

alcohol and glycerine to maintain a liquid state at low temperatures.

5966040 - 44 — - 2



f. Pen arm . The pen arm is a pointed , horizontal rod which is located

in front of the shifting rod ( see g. below ), and is attached to the horizontal

shaft. The length of the pen arm from the tip of the spiked end to the

center of the horizontal axis is 14 centimeters or 5.51 inches. The pen

arm is free to swing inward about an inclined vertical axis (fig . 8 ) . The

pen arm carriage is fitted to the horizontal axis so that the pen arm is

tilted a few degrees inward at the top.

g . Shifting rod. The shifting rod, controlled by the pen -arm shifting

lever on the frame base of the instrument (fig . 5 ) , is a vertical rod which

passes through the platform of the instrument and stands beside the

cylinder.

h . Carrying case. The recording mechanism is covered by a glass

paneled, sheet-metalcase which is hinged with a removable pin on the upper

right-hand side. When the cover is raised , stops on the hinge prevent the

cover from resting on the temperature-adjusting thumbnut. A hook on

the left-hand side of the case fits into a ring at the base of the instrument

and keeps the case closed (figs. 1 and 2 ) . The handle on the case permits

the case to be carried from place to place.



SECTION 11

INSTALLATION AND OPERATION

Caution : Thermographs ML -77 and ML - 277 are delicate precision

instruments. Handle them carefully at all times.

5 . UNPACKING THERMOGRAPH ML-77 OR ML-277. Unpack

the thermograph carefully . The carrying case and the cylinder containing

the clock mechanism are packed separately . Be careful not to jolt or drop

the package containing the clock .

6 . LOCATING THERMOGRAPH ML-77 OR ML-277. a. Place the

thermograph in a position where the sun will not shine on it and where the

temperature element is exposed to freely circulating air. Be sure that the

thermograph is protected against vibration and temperature radiation

effects . Normal location of the thermograph is in Shelter ML-41 on the

back, left-hand side of the shelter floor where it will not interfere with

other instruments.

b . Locate a standard thermometer near Thermograph ML-77 or

ML- 277 for comparison with , and for correction of, the thermograph .

7. INSTALLING CHART. a. Cut the bottom edge of the chart carefully

along the trimming line.

b . Fit the chart on the cylinder so that the margin is in line with the

notch and flange slot on the cylinder (fig . 7 (1 )) .

c . Wrap the chart around the cylinder until the left-hand end can be

lapped over the right-hand margin . The ends of the chart mustmeet so

that the temperature lines are in correct alignment (fig . 7 ( 1 ) and (2 )) .

Make sure that the chart fits snugly against the bottom flange of the

cylinder.

NOTE : Keep the fingers off the face of the chart as much as possible . Fingerprints

cause the ink to spread and make a ragged trace.

d . Fasten the spring clip which holds the chart in place. Push the clip

as far down as possible to keep the chart from slipping ( fig . 7 ( 3 )) .

e . If a daily chart is required and is not available , convert a weekly

chart to a daily record by letting three divisions represent 1 hour. This

will not provide an absolutely accurate time record, but it will be accurate

enough for most purposes.

8 . WINDING CLOCKS ML -79 - A AND ML- 279. Wind the clock

before replacing the cylinder on the shaft. Use the winding key located

inside the top of the cylinder (fig . 3 ).

a . Make 12 half-turns of the key if the clock is wound once a week .

b . Make a 14 half-turns of the key if the clock is wound when themove
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ment is completely run down, ClocksML -79 - A and ML -279 run down

completely in 9 days.

Caution: Never wind ClocksML-79 - A andML- 279 too much .

9 . INSTALLING CYLINDER . a . Push the pen -arm shifting lever to the

extreme right. This adjusts the shifting rod so that the pen arm is in a

nonrecording position and is out of the way.

b . Lower the cylinder onto the clock shaft. Be careful to eliminate the

possibility of a time-lag error (see ( 1) , ( 2 ), and ( 3 ) below ). The major

adjustment for time ismade as the cylinder is lowered onto the clock shaft,

before the clock gear is engaged .

(1 ) Use the shifting rod to move the pen close to the chart.

( 2 ) Turn the cylinder on its axis until the pen falls a trifle to the right

of the correct time as shown on the chart. Lower the clock until the

gears mesh .

(3 ) Turn the clock unit counterclockwise until the pen indicates the proper

time. Setting must be made by turning the cylinder counterclockwise to

take up backlash in the clock gear train . If the pen does not rest on the

correct time, the operation should be repeated until an exact adjustment

is made.

Caution : Be certain that the pen does not catch on the edge of the chart

or on the spring clip . This will bend the pen arm . Keep the pen arm in

front of the shifting rod atall times.

10. INKING PEN . a . Be sure that the tip of the pen arm rests under the

front and rear clamps of the pen . Make sure that the pen is seated against

the shoulder of the pen arm . If necessary, adjust the position of the pen

so that the over -all length of the pen arm is proper (14 centimeters or

5 .51 inches) .

b . In the space between the nibs of the point place a drop of special

recording ink ( the amount that ordinarily clings to the end of a small wire

or to the applicator in the ink bottle) . Fill the round reservoir of the pen

about half-full of recording ink.

c. If necessary, start ink flowing by carefully drawing a piece of cello

phane or lint-free paper, such as chart paper, between the nibs. Be careful

not to bend or damage the points. Make sure that no particles are caught

between points.

d . Remove all ink on the outer surface of the pen or pen arm . Ink on

these points collects dirt and dust and produces too broad a record line .

11. ADJUSTING PEN TO TEMPERATURE. a. Hold Thermometer

ML- 7 or any standard thermometer as near as possible to the temperature

element of the thermograph.

6 . Turn the temperature adjusting thumbnut (fig . 5 ) until the reading of

Thermograph ML-77 or of Thermograph ML-277 is adjusted to the

reading of the standard thermometer (par. 17 ) . Turning the adjusting

thumbnut clockwise raises the pen ; turning the adjusting thumbnut

counterclockwise lowers the pen . Make this adjustment in a location

where there is a good circulation of air around the temperature element

and standard thermometer. Never use the link and lever assembly to

adjust the pen to correct temperature; such procedure changes the calibra

tion of the thermograph . Adjust the reading of the thermograph to the

reading of the thermometer whenever charts are changed and when the

thermograph develops a temperature error of 5° ormore.



12. CHANGING CYLINDER SPEED . To control the speed of rotation

of the cylinder and to change from a weekly to a daily record, perform the

following operations:

a . Move the pen away from the chart (par. Ia ).

b . Remove the cylinder from the shaft.

c. Release the shaft by unscrewing the wingnut on the under side of the

frame base.

d . Remove the weekly gear from the shaft .

e . Replace this gear with the larger of the two daily gears from under the

gear change cover.

f. Replace the shaft and tighten the wingnut securely .

g. Remove the pin which holds the small gear on the clock shaft marked

WEEKLY, and then pull the gear from the shaft (fig . 3 ). Install the smaller

of the spare change gears on the clock shaft labeled DAILY. Be sure to

replace the pin and washer .

Note : Weekly gears are marked 176E . Daily gears are marked 29E.

h . Make sure that the gear fits tightly on the clock shaft, since the driving

force of Clock ML-79- A or ML- 279 depends on this condition . To

correct a loose fit, carefully squeeze the slotted sleeve of the gear with a

pair of pliers before pressing the gear onto the shaft .

13. READING TEMPERATURE. Read the temperature directly from the
chart to the nearest degree.

10



SECTION III

FUNCTIONING OF PARTS

14. TEMPERATURE ELEMENT. a . Thermograph ML- 77. As the tem

perature rises, the liquid in the Bourdon tube expands and causes the

tube to straighten. When the tube straightens, its free end moves down

ward and causes the pen arm to move upward. In response to a decrease

in temperature, the liquid in the Bourdon tube contracts and increases

the curvature of the tube. The free end ofthe tube rises, causing the pen

arm to fall and to record the lower temperature.

b . Thermograph ML - 277 . (1 ) The bimetallic temperature strip

changes its shape with temperature variations because the two metals

expand and contract at unequal rates. When the temperature rises, the

temperature elementmoves downward and forces the pen arm up. When

the temperature falls, the free end of the temperature element moves up ,

causing the pen arm to move down and to record the low temperature.

( 2 ) The radiation fins provide a quick transference of heat to the bi

metallic strip . As a result, the temperature element reacts faster to the

temperature of the moving air.

15 . VERTICAL LINK AND CALIBRATING MECHANISM . a . Thermo

graph ML - 77. ( 1 ) Vertical link . The vertical link, connecting the free end

CALIBRATING BLOCK

PEN ARM SWIVEL STUD

PEN ARM SWIVEL BRACKETS

VERTICAL AXIS

- CALIBRATING NUT

CALIBRATING

LEVER

PEN ARM STOP

HORIZONTAL SHAFT

TL 91008

Figure 8. Thermograph ML-77, Bourdon tube, linkage system , and pen.

of the Bourdon tube to the calibrating lever and pen -arm swivel stud on

the horizontal shaft, transfers the motion of the Bourdon tube (par. 14a )

to the pen arm (fig . 8 ) .

(2 ) Calibrating mechanism . The calibrating mechanism (fig . 8 ) regulates

the sweep of the pen arm .

(a ) A movable calibrating block attaches the vertical link to the cali

brating lever and provides a means of adjusting the effective length of the

calibrating lever.

(6 ) The calibrating nut, acting against a coil spring,moves the calibrating

block lengthwise on the calibrating lever.

(c ) A setscrew secures the calibrating block to the calibrating lever.

11



b . Thermograph ML - 277. ( 1) Vertical link . The vertical link, connect

ing the free end of the bimetallic strip to the calibrating lever and pen -arm

swivel stud on the horizontal shaft, transfers the motion of the bimetallic

temperature element to the pen arm . The slot in the link allows the tem

perature element to move down against a spring when Thermograph ML

277 is exposed to temperatures above 80° F .

(a ) Spring. The spring keeps the pin , which engages the vertical link , in

contact with the upper end of the slot in the vertical link over the entire

range of the temperature chart in use .

(6 ) Stop. The stop (fig . 6 ) prevents undue strain on the link and lever

system when the temperature element, at any adjustment within its range

(par. 4c ( 2 )) , is exposed to temperatures of 140° F . or less. Since the stop

limits the extent of the downward motion of the vertical link, the pen never
leaves the cylinder .

( 2 ) Calibrating mechanism . The calibrating mechanism of the Thermo

graph ML-277 is identical with that of Thermograph ML- 77 (see a ( 2 )

above ) .

Note : Except for the temperature elements and vertical link arrangements, the func

tioning of parts for ThermographsML -77 and ML- 277 is identical.

16 . PEN AND PEN ARM . The pen and pen arm make a visible

record of temperature changes on the chart. Capillarity controls the flow

of ink from the barrel.

a . Pen arm swivelbracket (fig . 8 ). The pen -arm swivel bracket holds the

vertical axis. This bracket is mounted on the pen -arm swivel stud which

is attached by a setscrew to the front end of the horizontal shaft. The

swivel bracket is turned so that the vertical axis tilts inward a few degrees

to provide constant pressure of the pen point against the chart.

b . Pen - arm stop (fig . 8 ). The pen -arm stop prevents the pen arm from

swinging out too far and provides a safe limit to the outward motion of the

pen arm when the point is lifted from the chart.

17. ADJUSTING THUMBNUT. The adjusting thumbnut sets the pen

on the chart to correspond to the air temperature. This thumbnut acts

against a coil spring and moves the bracket attached to the temperature

element. When the bracket is moved , the tube rotates about the fixed end

and changes the position of the pen on the record chart ( figs. 5 and 6 ) .

12



SECTION IV

MAINTENANCE

Note : Unsatisfactory performance of Thermograph ML -77 or ML -277 will be

reported immediately on W . D ., A . G . O . Form No. 468 . If form is not available, see

TM 38 - 250 .

18.GENERAL, 4 abd dirt. Dust thetebourdon18. GENERAL. q . Keep Thermographs ML-77 and ML- 277 clean

and free from dust and dirt. Dust the temperature element with a soft

cloth about once a week . Handle the Bourdon tube carefully ; slight

bending will damage it.

b . Keep the cover closed except when adjustments are being made.

When adjustments are required , dust the thermograph with a soft brush .

Note: Under normal conditions, if ThermographsML- 77 andML- 277 are given the

care necessary for preserving such precision instruments , no further servicing will be

required .

19. OILING THERMOGRAPH ML- 77 OR THERMOGRAPH ML

277. a . Oiling pivots. After continued long use, or after a period when

the air hasbeen unusually dusty, wipe the pivots of the pen arm and of the

horizontal shaft clean with a soft cloth , and then apply a small drop of

grade No. 1 watch oil to Thermograph ML-77 or low -temperature oil to

Thermograph ML -277 . Apply to each pivot only the amount of oil that

will cling to the end of a fine wire. Too much oil tends to collect dirt and

dust. Resulting excess friction hinders the performance and accuracy of

the thermograph .

b . Oiling clock movement. The clock movements of Thermograph

ML-277 and Thermograph ML - 77 should be oiled only at the instru

ment repair depot.

(1 ) Exposures above 0° F . Oil, Lubricating, Special, Specification

AXS-777, should be used. If it is not available , grade No. 1 watch oil

may be used for exposures above 0° F .

( 2 ) Exposures below 0° F . ( a ) Use Oil, Lubricating , Special, Specifica

tion AXS -777 , for the entire lubrication during subzero weather. This

special lubricating oil remains in liquid form to — 90° F .

(b ) Cover the upright shaft with a light film of vaseline, but take care

that no grease gets on the pinion or gear. Grease, Lubricating , Special,

Specification AXS -637, may be substituted for vaseline.

20. MAINTAINING PEN AND PEN ARM . a. To adjust a pen which

fails to make a fine , clear line, remove the pen from the pen arm and clean

the pen after removing it from the pen arm .

( 1 ) Hold the pen arm with one hand, and gently pull off the pen with

the other.

( 2 ) Wash the pen with soap and water. Scrape off dried ink which

does not dissolve in soap and water, and then wash the pen again .

Note : Wash and scrape ink from the pen carefully . Scratches on the sides of the nibs

near the point will change the usual capillary action of the pen . The nibs must fit

closely together .



( 3 ) If the pen fails to give a satisfactory record line after washing, replace
it with a new pen .

b . If the pen has a point which is too blunt to draw a fine line, replace it

with a new pen . If a new pen is not available, sharpen the rounded point

on an oilstone.

c. Be sure the pen -arm swivel stud is next to the bevel at the end of the

horizontal shaft ( fig . 8 ) .

d . Check the angle at which the vertical axis is tilted. If the vertical

axis is tilted inward too much , it will cause excessive pressure. If the

vertical axis is not tilted inward enough , the trace will be too light and

may not be continuous.

e . If the pen arm rides on the shifting rod , either the shifting rod is bent,

or the pen arm is set in too far on the horizontal shaft . The pen arm must

be at the front edge of the shoulder of the shaft. To adjust the position of

the pen arm , loosen the setscrew in the pen - arm swivel stud (fig . 8 ), and

move the pen arm to the correct position .www .

21. INKING . Fill the barrel of the pen only half-full of ink . In foggy

weather or during periods of prolonged mist and rain , the ink will absorb

moisture and the barrel will overflow if it has been filled to capacity . If

the pen barrel overflows because of the presence of excess moisture in the

air , proceed as follows:

a . Empty the barrel with a small piece of blotting paper. Otherwise ,

the ink left in the barrel is diluted and makes an illegible record .

b . Fill the barrel with new ink .

Note : Thermograph ML -277 uses a special low -temperature ink. If this ink runs

at higher temperature ranges, substitute the ink used in Thermograph ML-77 .

22. REPLACING CHART. Move the pen away from the chart, and then

lift the cylinder from the shaft. Remove the chart by sliding the clip

upward and out of the lower slot. If the chart contains a record, handle

the chart carefully to avoid smearing the trace. (See par. 7 and fig . 7 for

detailed instructions for installing new chart.)

NOTE : After replacing the chart, always check the temperature indicated by the

pen against a standard mercurial thermometer and readjust the adjusting thumbnut if

necessary (par. 11 b ) .

23. CLOCK UNIT.

Caution : Never remove the clock from the cylinder in which it ismounted .

a. Winding clock . Wind ClocksML-79- A and ML- 279 once a week ,

preferably at the time the charts are changed (par. 8 ).

b . Correcting time. Open the sliding window marked FAST-SLOW in

the top of the clock case , and adjust the regulator (fig . 3 ) . Each gradua
tion on the regulator represents 42 seconds in 24 hours.

( 1 ) To increase the speed of rotation ,move the regulator one graduation

toward the FAST end. The speed of rotation increases 42 seconds per

day or almost 5 minutes per week .

(2 ) Move the regulator one graduation toward the SLOW and to de

crease the speed of rotation . The speed of rotation decreases 42 seconds

per day or almost 5 minutes per week.

NOTE : Since the graduations on the chart do not permit a setting as close as 5 minutes,

adjustment of the regulator within one graduation of correct time will be satisfactory.
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c . Correcting binding gears. ( 1) Friction between the clock drive gear

and the daily or weekly pinion causes the clock to stop . To correct this

condition, proceed as follows:

(a ) Remove the cylinder from the shaft .

(6 ) Loosen slightly the three screws at the base of the cylinder (fig . 3 ).

(c) Note that the pinion shaft can now be shifted somewhat. Move the

shaft to a position where no friction occurs at any point throughout an

entire revolution .

Note : When the small gear has been moved correctly , backlash will occur when the

cylinder is in any position.

(d ) Tighten the three screws at the proper setting .

( 2 ) Stiffening of lubricating oil in the bearings may cause the clock to

stop in extremely cold weather .

(a ) Take the instrument indoors, temporarily, to a temperature above

freezing .

(6 ) When the clock is warm , try to start it by rotating it carefully on its

axis .

d . In tropics. At least once every 3 months, send the clock unit with

its shaft and gears to an instrument repair depot for cleaning and oiling .

e . Repairing poorly functioning clock. Do not attempt to repair or adjust the

clock mechanism of a poorly functioning clock . Remove the cylinder, the shaft ,

and the large external gear. Pack them , and send them to an authorized

repair depot. Be sure to include the shaft and gears, since they are necessary

to test the clock .

f. Precautions. ( 1) Do not drop or subject the clock to mechanical

shocks.

(2 ) Do not leave the clock movement exposed to excessive moisture.

Excessive moisture causes rust and rust causes friction which stops the clock .

( 3 ) When transporting the thermograph from one location to another or

when returning it to a depot for repairs, pack the clock separately . Use

enough packing material to protect the clock from shocks and vibration .

24. CALIBRATING THERMOGRAPH ML - 77 OR ML -277 IN FIELD .

If Thermograph ML- 77 or Thermograph ML- 277 is set at one temperature

or registers one temperature accurately , but, unless adjusted, does not

register accurately a second temperature within a range of 5° of the first,

recalibration is necessary . Accurate calibration is possible only at repair

depots where the necessary equipment is available (par. 25) . In the field ,

however, it is possible to recalibrate in the following manner:

a . Increasing sweep of pen arm . If the thermograph reading is too low

for temperatures at the top of the chart and too high for temperatures at

the bottom of the chart, the pen arm is swinging over too short an arc.

To correct this condition , proceed as follows ( fig . 8 ) :

(1 ) Loosen the setscrew in the calibrating block .

( 2 ) Turn the calibrating nut clockwise to move the vertical link nearer

the horizontal shaft. This increases the sweep of the pen arm . Two or

three turns of the calibrating nut may be necessary to take care of a 2

or 3 -degree variation in temperature range.

( 3 ) Tighten the setscrew after the adjustment is made.

(4 ) Reset the temperature adjusting thumbnut to the existing tempera

ture .

(5 ) Observe temperatures recorded by the thermograph long enough

to get a maximum and a minimum reading . If the range is still incorrect,

repeat the procedure until the required accuracy is obtained .
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b . Decreasing sweep of pen arm . If the thermograph reading is too

high for temperatures at the top of the chart and too low for temperatures

at the bottom of the chart, the pen arm is swinging over too large an arc.

To correct this condition , proceed as in a above, with the exception that

the calibrating nutmust be turned to move the vertical link away from the

horizontal shaft. This shortens the sweep of the pen arm .

25. CALIBRATION AT DEPOT. a. Thermograph ML -77.(1) Suspend
the thermograph over a water bath maintained at 32° F .

( 2 ) Tilt the thermograph slightly so that the temperature element and

part of the base are immersed in the water. Make sure that the clock and

shaft do not get wet.

( 3 ) Allow enough time for the unit to react, and then set the pen at 32° F .

with the adjusting thumbnut.

(4 ) Remove the thermograph and place it in a water bath maintained at

100° F .

(5 ) Wait for the temperature element to react to temperature , and then

read the chart.

(6 ) If the reading is not 100° F ., shift the calibrating block to expand or

contract the range as necessary .

( a ) To increase the range, loosen the setscrew in the adjustment clamp

and turn the calibrating nut clockwise.

(b ) To decrease the range, turn the calibrating nutcounterclockwise.

Note : Two or three turns of the calibrating nutmay be necessary to compensate for a

2° or 3° variation from 100° F .

(c) Turn the calibrating nut until the pen moves halfway between the

highest recorded temperature of the instrument and the 100° F . mark .

( 7 ) Reset the pen to 100° F . with the temperature-adjusting thumbnut.

(8 ) Insert the thermograph in the bath and observe results.

( 9 ) Additional adjustments may be necessary before the instrument is

accurately calibrated . When calibration is completed, tighten the setscrew

in the adjustable clamp.

b . Thermograph ML -277 . The calibration of Thermograph ML-277

is identical to the calibration of Thermograph ML -77, with the exception

that the baths for Thermograph ML-277 are maintained at temperatures

of 32° F . and 75° F .

26 . MOISTUREPROOFING AND FUNGIPROOFING . Moistureproof

ing and fungiproofing are not required for Thermographs ML -77 and

ML- 277 .
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SECTION V

SUPPLEMENTARY DATA

27. MAINTENANCE PARTS LIST FOR THERMOGRAPH ML- 77 .

Note: Order all maintenance parts by stock number, name, and description . Only

maintenance parts can be requisitioned .

Signal Corps

stock No.
Nameof part and description

Station

stock

Quantity

per unit

*

7A1777 . . . . . . Thermograph ML -77 : recording F .

thermometer; includes Clock ML

79- A and case .

7A1777 / 1 , . . . Arm : pen . . . . . . . . . . . . . . . : : : : : : : ::

7A579A /C1 . . Clip : chart; brass ; 36" wide x 4 !!!

(approx. ) long ; bends at both ends;

Friez part No. ST -379– 2 ; used with

Clock ML -79 - A and ML- 279 (for

thermograph record chart).

7A579A . . . . . . Clock ML-79- A : 8 -day ; cylinder, 93

mm diam . x 130-mm long, w / clock

movement inclosed ; has spindle gears

and attaching nut; makes one revolu

tion in 7 days or one revolution in 1

day; weighs 3 .5 lbs; p /o Thermograph
ML -77 .

6D120A . . .. . Form SC No. 120 - A : range, — 20° F .
to + 110° F .

7A1777/G1. .. Glass: 376" x 536 "', approximately

0 .090 " thick .

7A1102 . . . . . . Ink : special register; red ; % -oz. bottle

7A1100 . . . . . . Ink :special register ; green ; 4 -oz. bottle . .

7A1101 . . . . . . Ink : special register; purple ; '4-oz . bottle .

7A1777 /N1. . . Nut: arm ; Friez part No. HT-15 (used

with ThermographsML- 77 and ML

277) .

6G1339.1 . . . . Oil: watch ; grade No. 1 ; nongum ; 1-oz.
bottle.

7A1208 . . . . . . Pen : nib type; front and rear clamps. . .

7A1777 /P1. . . Pin : arm : Friez part No. HT- 19 (used

with Thermographs ML-77 and

ML - 277) .

7A1777 /S2 . . .. Screw : arm ; Friez part No.HT-14 (used . . . . . . .

with Thermographs ML -77 and

Sec footnotes at end of table .

N
o

:

ML-277 ) .



27. MAINTENANCE PARTS LIST FOR THERMOGRAPH ML -77 –

Continued.

Signal Corps

stock No. Name of part and description
Station Quantity

stock per unit

7A1777 /S3. . . Spring: arm ; Friez part No. HT- 16

(used with Thermographs ML -77

and ML-277 ) .

† Parts not stocked in station stock are carried in region or depot stock . (Consult

ASF catalog Sig 10 – 900 ) .

* Indicates stock available .

28. MAINTENANCE PARTS LIST FOR THERMOGRAPH ML-277.

Note: Order maintenance parts by stock number, name, and description. Only
maintenance parts can be requisitioned .

Signal Corps

stock No.
Name of part and description

Station Quantity

stock per unit

7A1797 . . . . . .) Thermograph ML - 277: recording

F . thermometer; temperature range

– 80° F . to + 80° F .; includes Clock

ML -279 and case; similar to Thermo

graph ML-77 w / special bimetal

temperature element for a standard

Bourdon tube ; requires special low

temperature ink and clock oil; for

use in Arctic region .
7A1777 / 1 . . . . Arm : pen . . . . . . . . . . . . . . . . . . . . . . . . . . .

7A1797 /C2 . . . Chart: thermograph record sheet;

range + 80° F . to — 50° F .; weekly

(used with Thermograph ML - 277) .

7A1797 /C1. . . Chart: thermograph record sheet;

range + 50° F . to — 80° F .; weekly

(used with Thermograph ML- 277 ).

7A579A /C1 . . Clip : chart; brass ; 316" wide x 41!"

(approx.) long ; bends at both ends;

Friez part No. ST - 379 – 2 ; used with

Clock ML-79 - A and ML- 279 ( for

thermograph record chart) .

7A591- 279 . . . Clock ML - 279: Spec. 174 - 1 ; cylinder,

93 - m m diam . x 130) - m m long,

w /clock movement inclosed ; has

spindle gears and attaching nut; ad

justable to make one revolution in

7 days or one revolution in 1 day ;

similar to Clock ML -79 - A , except

modified and tested for operation at

- - 80° F . ; weighs 3 . 5 lbs. ; p /o Thermo

graph ML-277.

See footnotes at end of table .
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28. MAINTENANCE PARTS LIST FOR THERMOGRAPH ML-277 –
Continued .

on
Signal Corps +Station Quantity

stock No. Name of part and description stock per unit

- - - -

7A1777 /G1. . . Glass : 3 % 6" x 536 " x (approx.) 0 .090 " . . . . ..

7A1099 . . . . . . Ink : special-register ; used for low -tem

perature operation ; 1 -oz .bottle; Friez

model No. 50 (used with Thermo

graph ML - 277 ) .

7A1797 /L1. . . Link : vertical; Friez part No. 43127

(used with Thermograph ML -277) . i

7A1777 /N1. . . Nut: arm ; Friez part No. HT- 15 (used !

with ThermographsML -77 andML

277) .

7A1797 /01 . . Oil: low -temperature; 1 -oz. bottle ; Friez

part No. 501199 (used with Thermo

graphsML-77 and ML -277).

7A1208 . . . . . . Pen : nib type; frontand rear clamps . . .

7A1777 /P1 . . . 1 Pin : arm ; Friez part No. HT- 19 (used

with ThermographsML-77 and ML
277) .

7A1777 /S2 . . . Screw : arm ; Friez part No. HT-14 (used . . . . .

with ThermographsML-77 andML

277) .

7A1777 /S3 . . . Spring: arm ; Friez part No. HT-16 .

(used with ThermographsML -77 and

ML- 277) .

7A1797/S1 . . Spring: for verticallink; Friez part No.
TAF - 193 .

7A1797 /E1. . . Element: temperature ; bimetal; with

corrugated radiation vanes; Friez

partNo. 43126 .

† Parts not stocked in station stock are carried in region or depot stock . (Consult ASF

catalog Sig 10 - 900) .

* Indicates stock available.
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TECHNICAL MANUAL

BAROMETERS ML-102- B , ML- 102– D , ML-102- E , ML- 102- F ,

ML- 102- G , AND ML-316 /TM

CHANGE DEPARTMENTSE SAMYEXY
No. 1 WASHINGTON 25 . a 17 June to

TM 11-427, 13 November 1944, is changed a flows:

The title of themanual is changed to read :

BAROMETERS ML- 102- B , ML- 102- D , I The 102- E , YL- HOF ,

ML- 102- G , AND ML- 316

Section I. DESCRIPTION

Note (Added ) . Barometer ML- 1024G is similar to Barometer ML- 102- D .

All information in this technical manual pertaining to Barometer ML- 102- D

applies equally to Barometer ML- 102- G unless otherwise specified herein .

SCALE ERROR AT 75° F
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A
R
S

745 825 985905

INSTRUMENT SCALE MILLIBARS

1065

TM 427 - C1- 1

Figure 6.1 (Added ). Barometer 11 -102 -G , scale calibration curre.

13. Reading Barometers ML- 102 - D and ML-316 /TM

*

6 . Temperature Correction .

*

( 3 ) To correct the observed reading for temperature:

( a ) Locate the indicated * * * of this graph . Note the

point on the correction curve which is vertically above or

below this pressure value .

( 6 ) Read the value of the correction to be applied per degree

Fahrenheit (above or below 75° F .) from the point on the

vertical scale of the graph , corresponding to the point on

the curve.

(6 ) (Added ) For Barometer ML- 102-G , additional accuracy

may be obtained by applying the corrections determined

from the scale calibration curve for each instrument, as illus

trated in figure 6 . 1 .
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( a ) Locate the indicated pressure on the horizontal scale of

this graph . Note the pointon the correction curve which is

vertically above this pressure value.

(6 ) Read the value of the correction to be applied to that pres

sure from the point on the vertical scale of the graph

corresponding to the point on the curve. If the correction

is plus, it is to be added to the otherwise corrected pressure ;

if it is minus, the correction is to be subtracted .

15 . Errors of Aneroid Barometer

Factors which introduce * * * errors, and drift.

*

C . Scale Errors.

*

( + ) The dials of * * * making pressure measurements.

However, when using Barometer ML- 102 - G , an increase

• in accuracy may be obtained by applying a correction ob

tained from the scale calibration curve ( fig . 6 . 1 ) .

* *

Figure 9 . Barometer ML- 102- D (or JL - 316 /TII or ML- 102 – G (serial numbers

below 2033 )), aneroid mechanism .

18. Barometers ML- 102- D , ML-102 - G , and ML-316 /TM

(fig . 9.)

a . Mechanism .

( 1) The mechanism of Barometers ML- 1022- D , ML- 102- G

(serialnumbers below 2033 ) , and M1- 316 / TM is built upon

a triangular -shaped aluminum base plate. A rectangular

base plate is provided on ML - 102 - G , serial numbers

higher than 2033 ( fig . 9. 1). The difference in range of the

three instruments is achieved by changing the spring rate of

the pressure sensitive cell. The aneroid element * * *

at the end.

( 2 ) The movement of * * * gear sector lever. In Barom

eterML-102- G , serial numbers higher than 2033 ( fig . 9 .1 ),

themovementof the cell is transmitted to the gear sector

lever by a push rod which has a flattened hinge section to

allow for change in alinement. The gear sector lever is

AGO 4211B
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* * duringmounted on flexure pivots. The teeth of *

air transportation .

b . Magnification . Magnification of the * * * in three stages :
* *

(4 ) (Added ) in Barometer ML- 102- G , serial numbers higher

than 2033 ( fig . 9 .1 ), the first stage is a simple levermagnifica
tion which is the ratio of the distance between the axis of the

flexure pivot and the line of action of the push rod to the

distance between the axis of the flexure pivot and the teeth

of the gear sector.

POINTER
ALUMINUM BEARING PLATE

PRESSURE SENSITIVE

CELLSTOP
POINTER SHAFT

EXHAUST TUBE

POINTER SHAFT PINION
ADJUSTING DISK

ANTI- BACKLASH
SPRING

SO

D

O

GEAR SECTOR
STOP

S
o
r
a GEAR

SECTOR

FLEXURE PIVOT
ADJUSTING

SPRING

BRAKE FOR

ADJUSTMENT

COUNTERWEIGHT
ADJUSTING SECTOR

ALUMINUM BASE PLATE PUSH ROD
TM 427 - 01- 2

Figure 9 . 1 (Added ) . Barometer HL- 102 -G , serial numbers higher than 2033,

aneroid mechanism .

[AG 300.7 (23 May 52) ]
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DESTRUCTION NOTICE

WHY
WHY - To prevent the enemy from using or salvaging this equipment

Top pie rentethet
ve ent

WHEN - When ordered by your commander.

HOW - 1. Smash - Use sledges, axes, handaxes, pickaxes, hammers,

crowbars, heavy tools.

2. Cut - Use axes, handaxes, machetes.

3 . Burn - Use gasoline, kerosene, oil, flame throwers, incen

diary grenades.

4 . Explosives Use firearms, grenades , TNT.

5 . Disposal - Bury in slit trenches, fox holes , other holes.

Throw in streams. Scatter.

USE ANYTHING IMMEDIATELY AVAILABLE FOR

DESTRUCTION OF THIS EQUIPMENT

WHAT – 1. Smash - case, mechanism , and carrying case.

2. Burn - wooden cases; technical manuals ; records.

3. Bury or scatter -any or all of the above.

DESTROY EVERYTHING
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SECTION 1

DESCRIPTION

1 . GENERAL. a . Use . (1 ) The barometers described in this manual are

aneroid - type barometers used to measure the pressure of the atmos

sphere. Aneroid , from the Greek a (no ) + neros (wet) means “ con

taining no liquid .” The greatest advantage of the aneroid is its port

ability. It is widely used where the use of the mercury barometer would

be inconvenient or impractical. It is also valuable in giving relative

indicationsand in measuring pressure changes over a few hours.

( 2) Apart from the measurement of pressure, there is a broad field

for the use of the aneroid barometer in determining height above sea

level or above the ground, and in determining differences in elevation

between two points. When used to measure height, the aneroid is called

an altimeter. Altimeters are widely used in aircraft and in surveying.

(3) The barometers covered in this book are designed for use in

fixed ormobile stations and for transport by hand or in vehicles .

(4 ) Each barometer is an integral unit requiring no additional

equipment to accomplish the purpose for which it is intended .

b . Reliability . The aneroid barometer is less accurate than the mer

cury barometer. It should not be depended upon for measurement of

absolute values of pressure unless it is compared at intervals of go days

or less with a mercurial barometer for which errors are known .

Note. The aneroid barometers covered by this technical manual are much more

accurate than former types of aneroid .

c. Nomenclature. (1 ) Throughout this manual Barometer ML- 102–

(* ) refers to Barometers ML- 102 - B , ML- 102- D , ML- 102 - E , and

ML-102 - F , or any one of them .

(2 ) Any reference to " the barometer" includes Barometer ML- 102–

( * ) orML- 316 / TM . If Barometer ML - 316 / TM only is indicated , the

complete nomenclature is used .

2. COMPONENTS. a. Barometers ML-102- B, ML- 102- E, ML- 102–F .

(1 ) Pressure measuring and indicating system . (a ) Pressure sensitive

cells (five in Barometer ML- 102- B ; two in Barometers ML- 102 - E and

ML- 102- F ) .

(b ) Lever system .

(c ) Indicating pointer.

(2 ) Metal case . (a ) Metal base .

Dial.

Plastic window and snap ring.

( 3 ) Mounting frame assembly . (a ) Metal frame in two sections.

(b ) Screws, lockwashers, and nuts .

(c ) Temperature correction chart and nomograph supplied for

Barometer ML - 102 - E only .

(4 ) Carrying case with strap.

ib )
D



b . Barometers ML- 102- D and ML-316 /TM . (a ) Pressure sensitive
cell .

(b ) Lever systei

( C ) Pointer.

( 2) Case. (a ) Wooden base and lid .

(b ) Dial.

( C ) Dial cover.

( d ) Temperature correction and conversion chart.

( 3 ) Carrying case with strap.

3. DIFFERENCES IN BAROMETERS. a . Barometer ML- 102 - B ( fig . 1) .

Externally, BarometerML- 102 - B is identical to Barometer ML- 102 - F .

Both are contained in black metal cases and leather carrying cases. The

internal mechanism of Barometer ML- 102- B , however, differs from

all other models, for it has five pressure cells and a more complicated

lever system (par. 16 ) .

b . Barometer ML-102- E ( fig . 1 ) . The case of Barometer ML- 102- E

is ofmetal, painted dark green , with a crackle finish . It has a solid back

provided with a metal rim which holds a nomograph and temperature

correction chart, calibrated specifically for each instrument. This model

has two pressure sensitive cells (for complete description see par. 17 ) .

c. Barometer ML- 102 - F ( fig . 1 ) . The exterior of this model is identi

cal to that of Barometer ML- 102 - B . The interior is identical to that of

Barometer ML- 102- E .

d . Barometer ML- 102 -D . This barometer differs both in appearance

and construction from other Barometers ML-102- (* ) . Externally it is

housed in a square wooden case ; the internal mechanism contains only

one pressure cell. It is of much lighter construction than Barometers

ML- 102 - B , ML- 102 - E , and ML - 102- F.

e . Barometer ML-316 / TM . This model is identical to Barometer

ML- 102- D in appearance and construction , differing only in the range

of pressure (par. 4b ) .

4 . CHARACTERISTICS. a . Essential components of aneroid barometer.

The aneroid barometers covered in this manual consist of the follow

ing parts :

( 1 ) An almost completely evacuated metal cell (or cells) sensitive

to changes in the atmospheric pressure.

( 2 ) A system of levers and gears by which the motion of the cell is

magnified and transmitted to a pointer. The cell and lever system is

hereafter referred to as the aneroid mechanism .

(3 ) A dial on which the pointer indicates the changes or pressure.

b . Pressure range. (1 ) Barometers ML- 102 - B , ML - 102- E , and

ML- 102- F . The range of pressure of these instruments is 1085 to 745

millibars and 31.5 to 22 inches. The dials are graduated in both milli

bars and inches.

(2 ) Barometer M1L - 102- D . The range of pressure of this barometer

is 1065 to 745 millibars. The dial is graduated in millibars only.

(3 ) Barometer ML-316 / TM . The range of pressure of this bar

ometer is 1065 to 610 millibars . The dial is graduated in millibars only .

c. Dimensions and weight. The following tables gives the dimensions

and weight of the barometers covered in this manual:



Approx.

Dimensions (in .)

Barometer

weight

including
carrying

case

( Ib .)
Length Width

Approx.

weight

( b . )Depth

ML- 102- B and

ML- 102- F 63/4 69% 712

6 % 634 101/2ML-102- E . . . .. . .

ML- 102- D and

ML - 316 / TM . . . 614 614 414

5 . BAROMETERS ML- 102- B , ML- 102 - E , and ML- 102 - F (fig . 1) . a . Frame

and case. These three barometers are shock-mounted in metal frames .

The case is secured to the schockmounts in the frame at the four cor

ners with screws, washers , and nuts (fig . 10 ) . The barometer case con

sists of a kettle -shaped brass housing over which is fitted a circular cast

ing with four ears for mounting it to the frame. A plastic window in

this casting, held in place by a snap ring, protects the dial. A slotted

screw on the bottom side of the case enables the instrument to be ad

justed without opening the case. A metal ring is provided at the top

of the frame for hanging the barometer. The back of the case of Bar

ometer ML- 102 - E has a metal rim which holds in place a nomograph

and temperature correction chart.

b . Dial (fig . 2) . The dials on the three instruments are identical.

Each is 514 inches in diameter and has three scales. The outer scale is

graduated in fiftieths (0 .02) inches, with numerical designations for

whole inches from 26 to 21, and smaller numbers for tenths of inches.

The center scale is graduated in whole millibars from 1085 to 895 milli

bars. The innermost scale is graduated from 895 to 745 millibars . Every

five millibars bears a numerical designation . In the center of the dial is

a shaft bearing an aluminum pointer which is flattened vertically at

the indicating end . Concentric with the scales and between the inch and

millibar scales is a mirror ring, the purpose of which is to reflect the

pointer and facilitate the reading of the scales (par. 10 ) .

C. Aneroid mechanism (figs . 7 and 8 ) . The aneroid mechanism of

these barometers is built upon a casting which is mounted to a gear

plate , held in place by brackets and screws. The principle of operation

is the same in the three barometers , but the internal mechanism of

Barometer ML- 102- B differs considerably from that of Barometers

ML - 102 - E and ML- 102- F . For a complete description of functioning

of parts of Barometer ML - 102 - B , see paragraph 16 . For Barometers

ML - 102 - E and ML - 102 - F , see paragraph 17.

6 . BAROMETERS ML- 102 - D AND ML- 316 / TM (fig . 1) . a . Case . These

instruments have identical wooden cases , painted olive drab , with metal

reinforcements at the outside corners. Means for hanging the barometer

temporarily is provided by a sliding metal hanger set flush with the

back of the case. (For preferred position of this barometer, see para

graph 80 (2) .) The lid is fastened to the case by separable hinges and
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Figure 2 . Barometer ML- 102- F (or ML-102 - B , or ML-102 - E ), close-up of dial.

is provided with a spring stop to prevent accidental removal. A tem
perature correction and conversion chart is mounted inside the lid of
the case. A plastic window protects the dial. The pointer of the instru
ment is adjusted through a plugged opening in the window which
permits access to a slot in the dial.

b . Dial (fig . 3 ) . ( 1) The dial of these barometers is approximately
51/4 inches in diameter. It is graduated in half-millibar intervals and is
calibrated for approximately two revolutions of the pointer. Since the
graduations are not strictly linear, there is a separate scale for each
revolution of the pointer . The two scales are concentric, one inside the
other. A mirror ring, concentric with , and inside the two scales, reflects
the pointer and eliminates parallax error when reading the scales
(par. gb ) .

(2 ) The dial of Barometer ML- 102 - D covers a pressure range of
1065 to 745 millibars.
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Figure 3. Barometer ML-102- D ( or ML-316 / TM ), close-up of dial.

( 3 ) The dial of Barometer ML-316 / TM covers a pressure range of
1065 to 610 millibars.

(4 ) The pointer , made of three sections of fine aluminum tubing,
flattened vertically at the indicating end , is clamped to the pointer
shaft with a small setscrew . The barometer mechanism is mounted to
the under side of the flat plate on which the dial graduations are
marked . This plate has rubber mounts at each of the four corners to
minimize vibration. Screws and washers , screwed into small corner
blocks, hold the dial and the window in place.

C. Aneroid mechanism . The mechanism of the two barometers is



identical, except for the magnification of the lever and gear system ,

and is described in paragraph 18 .

7 . CARRYING CASES (fig . 1 ) . a . Barometers ML- 102 -B and ML-102– F .

These barometers are provided with identical carrying cases made of

heavy cowhide, lined with velveteen , and fastened with four snap fas

teners. A strap with shoulder pad is -provided for use when carrying

the barometer. The barometer reading may be taken without removing

the instrument from the leather case.

b . Barometer ML- 102 - E . This barometer utilizes a strongly con

structed carrying case, covered outside with canvas and lined with

velveteen . The outside corners are leather- reinforced . The lid has metal

fasteners and a handle for carrying. The carrying case is provided with

a strap and shoulder pad . It is necessary to remove the instrument from

the case to take a reading.

c. Barometers ML- 102 - D and ML-316 /TM . These barometers are

transported in lightweight, padded cases, made of waterproof canvas,

and are provided with a webbing strap for carrying. One case closes

with a slide fastener, protected by a flap ; another model is fastened

with snap fasteners.

d . The carrying cases for Barometers ML- 102- E , ML- 102- D and

ML-316 / TM are padded with shock -insulating material which pro

vides additional protection against damage to the barometer if the case

is dropped . Cases for Barometers ML- 102- B and ML- 102- F are un

padded .



SECTION II

INSTALLATION AND OPERATION

8 . INSTALLATION OF BAROMETER . a. Location . The usual installation

of Barometer ML- 102- (* ) or ML -316 / TM is indoors. If the instru

ment is used outdoors , do not place it in the sun .

b . Temperature. For accurate readings:

(1 ) Install the barometer where the temperature will be as constant

as possible. An inside wall is preferable .

( 2 ) Do not allow the sun to shine on the instrument.

( 3 ) Do not place the instrument near a source of hcat such as a

radiator or stove.

(4 ) Do not place it where it will be in a draft from an outside

door or window .

c. Position . (1) BarometersML- 102- B , MI- 102- E , and ML- 102 - F .

These models are calibrated for vertical mounting and for most ac

curate results must be used in that position . Hang the instrument by

the hanger provided and be sure it is in a vertical position . .

( 2 ) Barometers ML- 102- D andM1-316 / TM . These barometers are

calibrated for use in a horizontal position , and more accurate readings

will be obtained if the instrument is used in this position . If desired ,

the cover may be removed by pressing in on the spring stop at the left

side of the right-hand hinge (with a screw driver blade) , and sliding

the cover to the right.

CORRECT

INCORRECT

SCALE

POINTER

CORRECT

READING
ERRONEOUS

READINGTL 92461

Figure 4. Illustration of parallax.



9 . ALIGNING POINTER. a. Tap the instrument lightly to see that the

pointer is free and in equilibrium . Have the dial lighted so that the

image of the pointer is clearly visible in the mirror ring between the

scales.

b . For a correct reading of the aneroid , when it is vertical, the eye

must be on a level with the pointer. Never stand on tiptoe or look

down at the dial of a barometer that is hanging on the wall. When the

instrument is read with the dial in a horizontal position , have the eye

directly above the pointer . To read the instrument correctly, have the

eye in a direct line so that the image of the pointer in themirror ring

is obscured by the pointer itself (fig. 4 ) . This is important in reading

the aneroid since the pointer is approximately 3 / 32 inch above the

dial and unless it is aligned so that it completely covers the image,

parallax occurs and an erroneous reading results. In reading an aneroid

barometer , parallax is the apparent displacement of the pointer with

reference to the dial graduations when the pointer is viewed from the

side rather than from directly above. This effect can readily be seen

bymoving the head to either side of the correct position and noticing

the difference in the apparent indication of the pointer.

10 . READING BAROMETERS ML- 102- B , ML- 102 - E, AND ML- 102 -F .

Note . 1 . If the barometer is transported by air, or there is a rapid change of pressure

of 100 millibars or more, wait at least 24 hours before taking a reading in order to

reduce hysteresis errors (par. 15a ).

2. If the temperature of the instrument is changed suddenly by an amount exceeding

10° F ., wait 11%, hours before taking a reading.

3 . These barometers may be read in inches or millibars.

4 . Tap the instrument lightly with the fingers before reading, to reduce residual

friction in the linkage system .

a . Inch scale. (1 ) The outside scale is the inch scale . The inch scale

may be used over a pressure range corresponding to 31.5 to 22 inches

ofmercury . The pointermakesmore than one revolution of the dial in

covering this range. A pressure of 25 inches and less is not marked on

the dial. After the pointer has made one complete revolution , pressure

values are obtained by subtracting six inches from the indicated value.

Thus, on the second revolution 31 inches represents 25 inches of pres

sure, 30 inches represents 24 inches, 29 inches represents 23 inches, and

28 inches represents 22 inches of pressure. The observer must know the

approximate elevation of the station in order to know which inch read

ing to use.

(2 ) The inch scale is graduated in 0 .02 inch intervals. Integral inches

and tenth inches are numbered . With practice, it is possible to make

an estimated reading of the barometer to the nearest thousandth of

an inch . Even with care, however, this estimated reading probably will

be in error by as much as 0 .003 inch .

(3 ) In figure 2 the inch reading is 29. 9, plus 0 .06 (since the pointer

is beyond three graduations, each of which represents 0 .02) ; the pointer
is also past the center of the next division which increases the reading

by an additional 0 .01. Since it is slightly past the center, the reading

is increased by an additional 0 .002 or 0 .003. Thus the approximated

reading is 29.972 or 29.973 inches.

(1 ) Assuming that the pointer has made one revolution and is

registering on the inner scale, the reading is 23.972 or 23.973 inches.

b . Millibar scale . (1) The center and inner scales measure the pres



sure in whole millibars. While the range of the millibar scale is from

1085 to 745 millibars, these barometers are calibrated only to 1066 .7

millibars (or 31.5 inches) . This does not mean that higher pressure

readings will be inaccurate, but only that the accuracy has not been

checked above 1066 .7 millibars.

(2 ) In covering the range of the millibar scale, the pointer makes

almost two revolutions of the dial. Unlike the inch scale, the same

scale is not used on the second revolution of the pointer. Pressures

between 1085 and 895 millibars are read on the center scale , while

pressures between 895 and 745 millibars are read on the inside scale .

(3) The millibar scales are graduated in whole millibars and esti
mated readings may be made to a tenth of a millibar.

(4 ) In figure 2 the reading on the outer scale is 1015 .0 millibars .

The reading on the inner scale is 811.8 millibars.

c. Station pressure. ( 1) The pressure, as read on the dial of Barome

ter ML- 102- B or ML- 102- F is the station pressure.

( 2) The pressure, as read on the dial of Barometer ML-102-E must

be corrected for temperature (see par. 11 below ) before the station

pressure is obtained .

11. CORRECTING READING OF BAROMETER ML- 102- E FOR TEMPERA

TURE.

Note. Barometer ML - 102- E must have a temperature correction applied to each

reading. Barometers ML- 102- B and ML- 102- F are equally affected by temperature

but temperature correction charts were not required , hence pressure data obtained

from these two barometers generally will not be as accurate as that obtained from

Barometers ML- 102- E , ML- 102- D and ML-316 /TM .

a . Chart. The effect of temperature upon the indicated reading of

Barometer ML- 102- E has been determined by actual test for each

instrument and the corrections are shown in the form of curves on

the temperature calibration chart fastened to the back of each instru

ment (fig . 5 ) . These curves also include a small residual error for

each instrument (par. 150 ( 2) ) .

b . Method . (1 ) Three temperature curves are given on the graph :

one for a temperature of 80° F ., another for 40° F ., and a third for

0° F . These curves are plotted on a grid on which the pressure is

shown on the horizontal scale and the corrections on the vertical scale.

(2 ) To compute the temperature correction , determine the tem

perature to which the barometer has been exposed and locate the

temperature curve nearest to that temperature.

( 3 ) Find the indicated pressure on the horizontal scale . Move ver

tically until the pressure value meets the correction curve. From the

point on the correction curve move horizontally to the left until the

correction scale is encountered . If the pressure reading does not meet

the temperature correction curve on a horizontal line, it will be nec

essary to estimate between the two tabulated correction values . Deter

mine the correction at that point, noting whether it is plus or minus.

(4 ) Add or subtract this sum to the observed pressure reading.

Caution : If the temperature is changed very suddenly , wait at least

11/2 hours before making a reading.

c. Interpolated correction . (1 ) When the temperature falls between

the values for which correction curves are given , the corrections must

be determined for both curves and the true correction by interpolation .
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Figure 5 . Barometer ML- 102 - E , temperature correction curves and nomograph .

( 2 ) Example : Assume that the indicated pressure is 810 millibars
and the temperature 20° F . The temperature correction at 40° F . is
0 .2 mb. The temperature correction at o° F . is 0 . 7 mb. Interpolating
between these two values , the true correction would be 0 .45 mb. Since
the barometer is read to the nearest tenth of a millibar, the correction
to be used is 0 .4 mb, making the corrected pressure 810.4 mb.

d . Correction in inches. Temperature corrections are given only in
millibars . Corrections apply to both scales, however. In order to obtain
the corresponding corrections in inches, multiply the millibar correc
tion by 0.02954

12 . USE OF BAROMETER ML- 102 - E IN DETERMINING APPROXIMATE
DIFFERENCES IN ELEVATION . a . Method . Barometer ML- 102- E may
be used either alone or with another precision barometer to determine
the difference in elevation between two points by comparing the dif
ference in pressure. Since humidity is a factor to be considered , the
use of a thermometer or a psychrometer is required . This method also
requires the use of a nomograph which is attached to the back of the
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barometer case , or Smithsonion Meteorological Tables 51 and 52, Fifth

Revised Edition . - The procedure given in b and c below illustrates

the use of two barometers. The procedure given in paragraph 13d

illustrates themethod when one barometer is employed. Either method

may be used with satisfactory results .

b . Procedure. (1) Leave one barometer at a given location . Read

the barometer and the thermometer at regular intervals and record

the time, pressure, and temperature.

(2 ) Take the second barometer to the other location . Read it and

record the time of the readings, pressure and temperature.

( 3 ) Determine the average temperature between the two locations.

(4 ) If readings were not taken at both stations at the same time,

interpolate to find the pressure value at each station at the same time

as follows:

9 :00 AM 9 :05 AM 9 :15 AM

Fixed Barometer . . . . . . . . . 819 mb) (850mb) 852mb

Mobile Barometer . . . . . . . . . . . 825mb

( The interpolated pressure value, 850 millibars (mb) , is shown in

parenthesis. Assume that the mean air temperature between the two

locations is 50° F .)

(5 ) With simultaneous pressure readings of 825 and 850 millibars

at two different points and a mean temperature of 50° F ., it is possible

to obtain the difference in elevation by the use of the nomograph.

c. Use of nomograph (fig . 5 ) . The nomograph of Barometer ML

102 - E is marked on graph paper. Pressure values, in millibars , are

represented by slanting vertical lines. Mean air temperature is repre

sented by diagonal lines running from the lower right-hand corner

to the top left side of the graph . To read the sample solution marked

by dotted lines on the graph , proceed as follows:

( 1) Locate the lower pressure value (825 mb) on the bottom scale.

(2 ) Move vertically upward until you intersect the slanting verti

cal line which corresponds to the higher pressure (850 mb) .

Note. The use of a straightedge will help in using the nomograph .

(3) At the point of intersection , move horizontally until you inter

sect the diagonal line which corresponds to the mean air temperature

(50° F .) .

(4 ) Át the point of intersection , move vertically upward to the top

scale, and on this read the approximate difference in elevation between

the two points . This is about 813 feet.

(5 ) Thus there is a difference of 813 feet between the two elevations.

This corresponds to a difference of 25 millibars in pressure at 50° F .,

mean air temperature, under these particular pressure conditions.

13 . READING BAROMETERS ML- 102- D AND ML-316 / TM .

Note. 1. If the barometer is transported by air, or if there is a rapid change of pres

sure of 100 millibars or more , wait at least 24 hours before taking a reading in order

to reduce hysteresis errors (par . 15a ).



2. If the temperature of the instrument is changed suddenly by an amount exceeding
10° F ., wait 11 hours before taking a reading .

a . General. (1 ) The dial of these barometers is graduated in half
millibar intervals and is calibrated for approximately two revolutions
of the pointer.

(2 ) Barometer ML- 102- D covers a range from 1065 to 745 millibars
on two scales . Since each dial is individually calibrated to its respective
pressure sensitive cell, the crossover point from the outer to the inner
scale is between 880 and 920 millibars.

(3 ) Barometer ML- 316 / TM covers a range from 1065 to 610 milli
bars on two scales. The crossover point from outer to the inner scale
occurs between 825 and 855 millibars.

(4 ) In reading the scales , estimate the reading to the nearest tenth
millibar.

(5 ) In figure 3 the reading of the barometer is 1004.8 millibars on
the outer scale. Assuming that the pointer has made one revolution
of the dial, the reading is 839 .4 millibars.
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Figure 6 . Barometer ML- 102- D (or ML - 316 / TM ), temperature correction curve and
conversion chart.

b . Temperature correction . (1 ) Barometers ML- 102- D and ML
316 / TM are designed so that the temperature correction at 75° F . is
zero . At temperatures above and below this value the indications of
the barometer are slightly affected by temperature. However, this cor
rection need not be applied unless it exceeds one-tenth (0 . 1) millibar,
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since the scale of these barometers cannot be read with greater accu

racy than that. Ordinarily , for temperatures within 20° of 75° F ., the

correction will not exceed one-tenth millibar.

( 2 ) A temperature correction curve showing the difference in cali

bration due to temperature is determined for each instrument indi

vidually and is plotted on a graph inside the lid of the case. Figure 6

is an example of such a correction curve.

(3) To correct the observed reading for temperature:

(a ) Locate the indicated pressure on the horizontal scale of this

graph . Note the point on the red correction curve which is vertically

above or below this pressure value.

(b ) Read the value of the correction to be applied per degree

Fahrenheit (above or below 75° F .,) from the point on the vertical

scale of the graph , corresponding to the point on the red curve.

(c) Determine the difference between the existing temperature and

75° F .

(d ) Multiply the correction (found in b above) by this difference.

( e) Add or subtract this value from the observed reading as directed

on the calibration chart.

(4 ) Example: Assume that the indicated pressure is 904. 3 mb and

the temperature is 10° F .

(a ) Using the reproduction of the chart in figure 6 , find the indi

cated pressure on the horizontal scale. Move up vertically until the

pressure line intersects the temperature curve.

(b ) The correction for this pressure is - 0 .003 mb per degree F.

(The correction is estimated to the nearest 0 .001 mb.)

. ( C) A temperature of 10° F . is 65° below 75° É . Therefore, the

correction , - 0 .003, is multiplied by 65, giving a correction of - 0 .195

mb.

(d ) Since the reading is taken only to the nearest tenth millibar,

the correction becomes - 0 . 2 mb. Therefore, the corrected pressure is

904 .3 mb

- . 2 mb

904 .1 mb

(5 ) This pressure, as read on the dial of the barometer, when

corrected for temperature, is the station pressure .

c . Conversion to inches. (1 ) To convert a reading in millibars to

inches of mercury, use the conversion chart inside the lid of the case.

• (2 ) Locate the pressure reading (which has been corrected for

temperature) on the conversion chart and simply read off the cor

responding value in inches of mercury.

( 3) Example : For a corrected pressure reading of 904. 1 mb, the

corresponding pressure in inches of mercury is 26.700 in .

d. Determining approximate differences in elevation . Barometers

ML- 102- D and ML- 316 / TM may be used for determining approxi

mate differences in elevation in a manner similar to that used with

Barometer ML - 102 - E . In the following method only one barometer

is used . The use of a psychrometer is also necessary, since humidity

is a factor to be considered.

(1) Take the pressure reading at the station of lower elevation .
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Record the reading, also the time, the temperature, and the humidity.

(2 ) Take the barometer to the higher elevation . Record the pres

sure, the time, the temperature and the humidity.

(3 ) Return the barometer to the original position and take the

pressure reading, the time, the temperature and the humidity.

(4 ) Interpolate between the two sets of readings made at the lower

elevation to find the pressure, temperature and humidity values at the

lower elevation which corresponds in time to the pressure, temperature

and humidity values at the higher elevation .

(5 ) The following is an example of such interpolation :

(a ) Assume that the pressure reading is taken at the station of

lower elevation at 10:30 . The pressure is 1015 .0 mb ; temperature is

100° F .; relative humidity, 62 per cent.

(b ) Take the barometer to the station of higher elevation . At 11 :15

the pressure, corrected for temperature , is 891.3 mb; temperature is

97° F .; relative humidity, 57 per cent.

· (c ) Return the barometer to the original station at 11:45. Pressure,

corrected for temperature is 1015. 3 mb; temperature is 101° F .; rela

tive humidity, 60 per cent.

(d ) Tabulating the pressure values :

10 : 30 11: 15 11:45

Lower station . . . . . . . . . 1015 .0 mb (1015 .18 mb) 1015 3 mb

Higher station . . . . 981.3 mb

By interpolation , the pressure at the lower station at 11: 15 is 1015 .18

mb. Since the reading is taken only to the nearest tenth millibar, this

is 1015.2 mb.

( e ) The influence of temperature and humidity on the values of the

correction is sufficiently small that these values need not be known

closer than the nearest 2° F . and 10 per cent relative humidity. Thus

the average temperature of the two stations is 98° F . and the relative

humidity 60 per cent.

( f) Using the conversion table , the altitude corresponding to 1015 . 2

mb is - 70 feet. The altitude corresponding to 981. 3 mb is 855 feet.
Subtracting the values, the approximate diflerence in elevation is 855

- ( - 70 ) = 925 feet.
(6 ) It is now necessary to correct the approximate difference in

elevation for temperature and humidity. (As noted in (e ) above, the

average temperature is 98° F ., the relative humidity 60 per cent.)

(a ) Locate 98° F . on the horizontal scale along the bottom of the

curves for Air Temp. and Relative Humidity Correction Factor for

Altitude (fig . 6 ) . Follow the 98° F. line diagonally upward until it

intersects the 60 per cent relative humidity curve. The correction

factors are given in the horizontal scale at the top of the curves.

(6 ) Follow the intersection of the 98° F . diagonal and the 60 per

cent relative humidity curve vertically upward to this correction factor
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scale and read the correction indicated by that scale. This correction

is 1.109.

(c ) Multiplying the approximate difference in elevation by this

correction factor (925 X 1 .109 = 1 ,026 ) , the true difference in elevation

is found to be 1,026 feet (fractions of a foot are not considered ) .
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SECTION III

FUNCTIONING OF PARTS

14 . PRINCIPLES OF ANEROID BAROMETER . a . General. ( 1) The aneroid

is a form of “ elastic " barometer, that is, one in which the elastic

deformation of some solid system is used as an indicator of atmospheric

pressure.

( 2) The aneroid type of barometer can be made extremely sensi

tive and is convenient to use because of its portability. A further advan

tage is that its readings are not affected by variation in the force of

gravity.

( 3 ) The aneroid barometer is subject to errors due to irregularities

in the elasticity of the metal (par. 15 ) and for this reason it should

not be relied upon as an instrument for routine meteorological obser

vations unless compared frequently (at least every go days) with a
mercury barometer.

b . The Vidie barometer. The type of aneroid most generally used is

one invented in 1843 by Lucien Vidie, which uses a wafer-like cell,

(sometimes called diaphragm or capsule) of thin , flexible metal, usu

ally brass or German silver, which is very nearly exhausted of air .

The opposite sides of the cell are kept apart by a strong internalmetal

spring; somemodels use a stiff external spring for this purpose. Usually

the elastic properties of the spring determine those of the whole instru

ment. The residual air in the cell can be adjusted to give a partial

correction for temperature. Themovement of the cell, caused by varia

tions in pressure, is greatly magnified , and is indicated on a dial by

a train of gears and levers.

c. Principle of operation . ( 1) The barometers treated in this manual

differ from the Vidie type in that the material of the cell itself serves

as a spring , making the use of an internal or external spring unnec

essary. The aneroid element of these barometers consists of one or

more cells of beryllium copper which have been almost completely

exhausted of air, only enough being left inside to help compensate

for changes in the spring properties of the cell as a result of changes

in temperature. Corrugations in the cell increase the flexibility of the

metal so that there is a greater movement with changes in pressure.

Changes in the atmospheric pressure cause the cells to expand and

contract. This movement is magnified and transmitted by a lever

system connected to a pointer which indicates the pressure values on

a dial graduated in inches of mercury or the equivalent pressure

value in millibars.

(2 ) A detailed description of the different models of the barometer

covered by this manual, with the functioning of the aneroid mechan

isms, is given in paragraphs 16, 17, and 18 .

15 . ERRORS OF ANEROID BAROMETER . Factors which introduce errors

into the readings of the aneroid barometer are hysteresis, temperature,

scale errors, and drift .

a . Hysteresis. ( 1) One of the chief causes of error in an aneroid

barometer is hysteresis. All elastic materials tend to change shape when
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placed under stress. As soon as the stress is removed, they return

almost to their original shape. The retardation or failure of the mate

rial to assume completely its original form is known as hysteresis. All

aneroid barometers are subject to the effects of hysteresis although an

attempt is made to keep these effects to a minimum by the proper

selection and treatment of materials. Over a long period of time hys

teresis effects gradually tend to disappear.

(2 ) Hysteresis occurs in the pressure sensitive cell of the aneroid

barometer and for that reason appreciable errors may be noticeable

immediately after a large and rapid pressure change. These errors can

be greatly reduced by waiting a sufficient length of time before taking

a reading. It is difficult to make a specific recommendation as to the

interval of time necessary to reduce hysteresis errors to a minimum

since hysteresis varies with the amount of change in pressure, with

the rate of change, and with the time involved – that is, the length of

time at which the barometer has been subjected to a pressure differing

from current atmospheric values.

(3 ) For pressure changes occurring at any fixed station , hysteresis

errors are small enough to be neglected . When the barometer is sub

jected to a comparatively large pressure change for a short time only,

and then restored to its previous values, hysteresis effects are small and

quickly disappear. Hysteresis errors are probably most pronounced

when a barometer is transported by airplane, especially if the flight is

of several hours duration and the plane flies at high altitude. There

fore, to be reasonably sure of reducing hysteresis errors to a minimum

under such circumstances, it is advisable to wait at least 24 hours before

taking a reading.

b . Temperature. A second and exceedingly important error which

affects the aneroid is temperature changes. Without compensation for

changes in temperature the errors of an aneroid would be quite large.

Severalmethods of temperature compensation are used in the barome

ters covered by this manual.

( 1) Aneroid cell. If a barometer is maintained at a constant pres

sure, a change in temperature, if not compensated , will cause a move

ment of the pointer on the dial. This indicated change in pressure is

due to a physical change in the dimensions of the instrument and

also to variations in the stiffness of the pressure sensitive cell. This

latter condition may be compensated , for the most part, by leaving a

small amount of air in the cell. Thus when a change in temperature

occurs, the change in pressure of the air inside the cell partially bal

ances the change in strength of the metal. This does not entirely com

pensate for changes in temperature. Therefore, temperature correction

curves are provided for some models of Barometer ML - 102- (* ) and

ML -316 / TM . These corrections, however, are small, indicating that

the greater part of the error has been compensated .

(2 ) Bimetal temperature compensation shaft. Barometers ML

102 - B , ML- 102- E , and ML - 102- F use an additional temperature

compensation in the form of a bimetal pivot shaft made of a strip of

invar and a strip of brass welded together lengthwise . Since invar and

brass have different coefficients of expansion , changes in temperature

cause the bimetal shaft to bow slightly, thus changing the indication

of the pointer.
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( 3 ) Temperature correction chart. Barometers ML- 102- D , ML

102- E , and ML-316 / TM have a temperature correction plotted for

each instrument individually. Specific instructions for the applica

tion of temperature corrections to Barometer ML- 102- E are given in

paragraph 11. Specific instructions for the use of the temperature curve

for BarometerML- 102- D or ML- 316 / TM are given in paragraph 13b .

c. Scale errors . (1 ) The dials of Barometers ML- 102- B , ML- 102 - E ,

and ML- 102 - F have linear graduations; that is , the spacing between

each of the 0 .02 inch graduation lines is the same. The aneroid cells

used in these barometers do not expand and contract linearly with

changes in pressure, but by selection of cells and individual adjust

ment of the lever system the movement of the indicating pointer may

be made approximately linear with changes in pressure. There is

always some residual scale error, however, which varies slightly at

different parts of the scale. Small differences in the characteristics of

individual aneroid cells cause variations in the value of this scale error

among different barometers. It is necessary, therefore, to calibrate

barometers individually to eliminate scale error.

( 2) Barometer ML -102- E has been calibrated for scale error and

the corrections are included in the temperature correction curves

fastened to the back of each barometer (fig. 5 ) . Thus no separate

correction can be applied for scale error; it is automatically included

when temperature corrections are made.

(3 ) Barometers ML- 102- B and ML- 102- F do not have either tem

perature or scale error correction curves, hence pressure measurements

made with either of these instruments probably are less accurate than

those made with Barometer ML- 102- E , ML - 102 - D , or ML - 316 / TM .

The error in indication introduced by neglecting scale and temperature

corrections will vary among instruments and at different pressures . On -

the average, this error probably does not exceed 0 .7 millibar.

(4 ) The dials of Barometers ML- 102- D and ML- 316 / TM are

individually calibrated for each instrument. This reduces scale error

to an amount which need not be considered in making pressure

measurements.

d . Drift. ( 1 ) Another error to which the barometer is subject is drift

(often called creep ) , which is due to changes in the aneroid cell occur

ring slowly over a long period of time. Drift is caused by molecular

changes in the metals of which the cell is made, and by alterations

in the shape of the cell, due to the tendency of all materials to assume

a new permanent shape when placed under steady stress. In meteoro

logical textbooks, drift is sometimes referred to as “ secular change,"

for it is an error taking place over a long period of time.

(2 ) Drift is manifest by a gradual increase in the difference between

the indications of the aneroid barometer and a mercurial barometer

with which it may be compared . Errors of drift can be largely elimi

nated by setting the barometer to indicate the pressure shown by an

accurate mercury barometer.

(3 ) Some barometers drift because of very minute leaks in the

evacuated cell. Usually a leaking cell is detected before the instru

ment leaves the manufacturer's plant, but occasionally a leak can

develop in a barometer that has been in use some time. The indica

tions of a leak are progressively lower readings than are normal for
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the station. There is no way to remedy the defect. Return the barome
ter to the depot and requisition a new one.

(4 ) For the first few months after the aneroid is built, the drift

effects are more pronounced , but after this time they usually become

negligible. In general, the longer the barometer is in use , the more

consistent the performance is likely to be.

(5 ) Occasionally a barometer will show a persistent drift. To detect
this condition , keep a record of the amount of resetting necessary to

eliminate drift. If, over a period of time, this total exceeds 12 millibars ,

requisition a new barometer and return the defective instrument to

the depot.
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Figure 7 . Barometer ML- 102 - B , aneroid mechanism .

16 . BAROMETER ML- 102 - B (fig . 7 ) . a . The mechanism of Barometer

ML- 102- B is built within a brass frame. While differing considerably

in internal appearance, this barometer functions practically the same

as Barometers ML- 102- E and ML- 102- F , except for an additional

step in magnification .

b . In Barometer ML - 102- B the atmospheric pressure acts upon two

sets of cells . Themovement of one group (of two cells ) is transmitted

to the center of the main lever. The movement of the other group (of

three cells ) is transmitted to one end of the main lever. Thus the

initial magnification is performed by a simple lever in which one end
and the center are moved oppositely by the two sets of cells. This causes
a greatly magnified movement of the free end of the lever. The com
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bined motion resulting from the movement of both sets of cells is
transmitted to the bimetal shaft from the free end of the main lever
by means of an adjustable link. From this point, the functioning of
the parts is identical to that of Barometers ML- 102 - E and ML- 102– F .

c. This model utilizes a coil spring concentric with the pointer shaft
to take up backlash in the gear teeth instead of the flat hairspring
used in the other models .
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17 . BAROMETERS ML- 102- E and ML-102 - F (fig . 8 ) . a . Mechanism .
(1 ) The mechanism of Barometers ML - 102 - E and ML - 102- F is
mounted below the dial and is built upon a brass casting which is
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screwed to a bronze gear plate . The gear plate is fastened inside the

top of the barometer case by brackets and screws.

(2 ) The aneroid element consists of two pressure sensitive cells

approximately 21/4 inches in diameter. The cells have been almost

completely evacuated (about 95 per cent) through a tube which is

pinched off and soldered at the end .

(3 ) Changes in the atmospheric pressure cause the cells to expand

and contract, and this motion is transmitted by a connecting link to

an adjustable lever mounted on a bimetal temperature compensation

shaft. The link is connected at one end to the aneroid cells and at

the other to the adjustable lever by small pivots and is held in place

by antifriction washers and locking springs. The adjustable lever con

verts themotion of the link into a rotation of the bimetal temperature

compensation shaft. A small calibrating block near the center of the

bimetal shaft serves as the mounting for the adjustable lever. A counter

balance rod with a counterbalance weight at the end also is attached

to the calibrating block . The purpose of this balance weight is to

balance the linkage system so that the pointer will not change in indi

cation when the position of the barometer is changed . A fine coil

spring , 11/4 inches long, is attached at one end to a rod on the calibrat

ing block and anchored at the other to the casting. Its purpose is to

prevent backlash by keeping the linkage system under tension .
Note. Both Barometers ML -102- E and ML -103 - F are calibrated for a vertical posi

tion and should be used in that position for accurate readings.

(4 ) The bimetal temperature compensation shaft is made of a strip

of brass and a strip of invar welded together lengthwise . It is set in

jeweled bearings at the top and bottom . Since the coefficient of expan

sion of invar is much less than that of brass, changes in temperature

cause the shaft to bow slightly. The bowing of the shaft displaces the

adjustable lever which is mounted near the center of the shaft, and

thereby changes the indication of the pointer slightly. This change

in indication offsets the change resulting from slight movement of the

pressure sensitive cells caused by variations in temperature.

(5 ) A brass sector is fastened to the bimetal shaft by a hub contain

ing two setscrews. This sector transmits themotion of the bimetal shaft

to the pointer shaft. Fine gear teeth cut into the arc of the sector mesh

with a small pinion on the pointer shaft. At the opposite end of the

sector is a counterweight to balance the sector on the shaft. A U -shaped

stop is mounted on the casting to limit themovement of the sector.

(6 ) The pointer shaft is set in jeweled bearings. The pointer, which

fits over the end of the pointer shaft, is made of aluminum , painted

dull black , and has a counterweight on the non -indicating end . The

indicating end , which projects over the scales on the dial, is approxi

mately 0.011 inch wide.

(7) A hairspring is attached to the pointer shaft on the forward

side of the casting , immediately below the dial. Its purpose is to take

up any backlash between the sector and the pinion of the pointer shaft.

(8 ) A horseshoe-shaped brass stop is fastened to the brass casting

to prevent expansion of the pressure element to a point below the

lower pressure limit of the instrument. This could happen only when

the instrument is transported by air.

( 9 ) Teeth , cut around the periphery of the gear plate,mesh with a

worm which rotates themechanism and the pointer so that the aneroid

un ,
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may be set to read current atmospheric pressure. The shaft of the worm

extends outside the barometer case and may be adjusted by means of

a screwdriver.

b . Magnification . (1 ) A movement of 0.009 inch (linear measure

ment) of the aneroid cells causes the pointer to move over a pressure
interval of 1 inch . When it is remembered that an ordinary human

hair is 0 .003 inch in thickness, the sensitivity of the instrument and

the extent of the magnification of the cell movement may be realized .

(2 ) In the first stage, the raiio of magnification is the radius of

the sector as compared with the distance from the end of the adjustable

lever to the bimetallic shaft.

(3 ) In the second stage, the ratio of magnification is the radius of

the sector as compared with the radius of the pinion gear.

(4 ) The third stage of magnification is the ratio of the radius of

the pointer from the pointer pivot shaft to the scale being used on the

dial to the radius of the pinion gear. Thus the outer scale, the inch

scale, givse slightly greater magnification than the inner millibar scales.

ALUMINUM

BEARING PLATE

POINTER

ADJUSTING
DISK

EXHAUST

TUBE

PRESSURE

SENSITIVE CELL

POINTER SHAFT
STOP

HINGESPOINTER SHAFT PINION

GEAR SECTOR STOP

GEAR SECTOR

ADJUSTING SPRING

GEAR SECTOR LEVER

ANTI- BACKLASH SPRING
ADJUSTING SECTOR

BRAKE FOR ADJUSTMENT ALUMINUM BASE PLATE

TL 92456

Figure 9 . Barometer ML - 102 - D (or ML -316 / TM ), aneroid mechanism .

18 . BAROMETERS ML- 102- D and ML-316 / TM (fig. 9 ) . a . Mechanism .

( 1) The mechanism of Barometers ML- 102- D and ML- 316 / TM is

built upon a triangular-shaped aluminum base plate . The difference

in range of the two instruments is achieved by changing the spring

rate of the pressure sensitive cell. The aneroid element is a single

corrugated cell of beryllium copper about 2 inches in diameter and
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1/2 inch in thickness. The lead exhaust tube through which the cell ische(2) The movemenoff and sealed at theube through wh

(2 ) The movement of the cell, caused by the varying pressure of

the atmosphere, is transmitted to the gear sector lever by thin strips

of beryllium copper which act as hinges. A fixed hinge serves as the

fulcrum of the gear sector lever. The teeth of the gear sector engage

a small pinion on the pointer shaft. A wire safety stop prevents the

teeth on the gear sector from becoming disengaged from the pinion

gear during severe vibrations or rough handling. A small auxiliary coil

spring is attached to the gear sector lever. The tension of the spring

can be varied by an adjusting disk which has a gear at its lower end

which meshes with a brass adjusting sector (fig . 9) . The adjusting

disk is reached through a plugged opening in the plastic window . The

range of adjustment is approximately 10 millibars . Backlash in the

gears is removed by means of a small wire spring attached to the lower

side of the gear sector. The tension of this spring is transmitted to

the pointer shaft by a nylon thread looped once around a small lucite

drum at the base of the pointer shaft. A stop is provided to prevent

expansion of the cell below its lower limit during air transportation .

(3 ) The pinion is fastened to the pointer shaft which revolves in

a jeweled bearing at the bottom and extends through a hole in the

top bearing plate. The pointer, fastened to the end of the shaft, is

made of three sections of fine aluminum tubing and is clamped to

the shaft by a small setscrew .

b . Magnification . Magnification of the cell movement is accomplished

in three stages:

(1) The first stage is a simple lever magnification , being the ratio

of the distance between the fixed hinge (which acts as the fulcrum of

the lever) and the teeth of the gear sector to the distance between the

two hinges.

(2 ) The second stage is the ratio of the diameter of the gear sector

to the diameter of the pinion .

( 3 ) The third stage is the ratio of the distance between the pointer

shaft and the scale being read to the radius of the pinion .



SECTION IV

MAINTENANCE

Note. Failure or unsatisfactory performance of equipment will be reported on WD,

AGO Form 468. If this form is not available, see TM 38 - 250 .

19. CARE OF BAROMETER. a . General. (1 ) Protect the aneroid against

violent and sudden jolts.

( 2 ) - Use care in handling and transporting .

(3 ) Do not move the instrument unnecessarily .

b . Plastic window . (1) Clean the plastic window that protects the

dial by wiping with a damp cloth and polishing with a soft clean cloth .

Do not use soiled or gritty cloths. An occasional thin coat of wax well

rubbed with a soft clean cloth will help remove any existing scratches

and at the same time provide a protective film to prevent further

scratching.

( 2 ) If the plastic window becomes wavy when exposed to a com

bination ofhigh temperature and high humidity , requisition a new one.

20. FIELD INSPECTION AND MAINTENANCE. a . Accuracy tolerances.

BarometersML- 102- (* ) are precision instruments whose readings are

generally dependable to 0 . 7 millibar (0 .02 inch of pressure) or better.

Barometer ML -316T/ M is usually dependable to one millibar (0 .03

inch of pressure) or better. The readings made with these instruments

ordinarily will be considerably more accurate than these tolerances,

provided the barometers are compared periodically with a mercury

barometer (see b below ) , checked for free , unimpeded action of the

linkage system (see c below ) , and reset to agree with a mercury baro

meter (par. 21) .

b . Comparison with mercury barometer. (1 ) To check the accuracy

of the aneroid , compare it with a mercury barometer of known accu

racy at least once every three months, or at any time the instrument is

dropped , mishandled , or subjected to severe vibrations in transporta

tion . The indications of the aneroid will be more reliable if this check

is made at or near the average pressure of the station where the aneroid

is used .

( 2 ) Hang or set the aneroid barometer at the same level as the

cistern of the mercury barometer.

(a ) BarometerML- 102 - B ,ML- 102- E , or ML- 102- F ,must be hung

alongside the mercurial barometer with the dial in a vertical position .

(6 ) BarometerML - 102 - D or ML- 316 / TM should always be placed

with the dial in a horizontal position .

( 3 ) Read the mercury barometer and apply temperature, gravity,

and instrumental corrections to determine the true station pressure .

Note. In comparing an aneroid instrument supplied with a millibar scale only

against a standard mercury barometer which is graduated in inches only , convert the

readings of the aneroid into inches of mercury rather than convert the readings of

the mercury barometer into millibars. (One millibar equals 0 .02954 inches.)

(4 ) The difference between the true station pressure and the indi

cation of the aneroid is the error of the aneroid barometer. If this error

exceeds 2 millibars, it is probable that the mechanism has sustained
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some permanent damage and a new barometer should be requisitioned .

c . Testing linkage. The linkage system of an aneroid barometer must

be as friction -free as possible if the barometer is to respond to small

changes in pressure. Anything which increases this friction decreases

the sensitivity of the instrument very rapidly. In regions of prevailing

high humidity the tests given in (1 ) , (2 ) , and ( 3 ) below , should be

made at least twice a month . In other regions, monthly tests should

be sufficient.

(1 ) Tests for all models. The simplest test for the proper function

ing of the linkage system is to note the change in indication of the

aneroid when its elevation is changed approximately 15 feet.

(a ) Read the barometer very carefully at the lower elevation .

(b ) Holding the barometer steadily in both hands and being careful

not to jar or move it suddenly , walk upstairs, or otherwise change its

elevation approximately 15 feet. The pointer should indicate the

changed elevation by a decrease in pressure as the elevation is increased .

( 0) Now return the barometer to the original elevation and again

take the reading. The pointer should have returned to its original

position .

(2 ) Amount of change. Generally, there will be a change of approxi

mately one-tenth millibar for every 3 feet of change in elevation . Any

barometer that does not respond to a change of 15 feet in elevation

is probably defective and should be returned to the depot.

(3 ) Barometers ML- 102- D and ML- 316 / TM . (a ) These models

are more sensitive than other types to slight changes of pressure. A

change in elevation of as little as 3 feet should cause a slightly different

indication of the pointer. This is sometimes hard to discern and the

least vibration will destroy the value of this test.

(b ) Another and easier test for these models consists of the follow

ing: Pick up the barometer case in both hands. With the thumbs in

the center of the plastic window , suddenly press inward a slight

amount. If the barometer is functioning properly, the pointer will

quickly move a small amount to indicate a higher pressure, then as

quickly return to its original position . Remove the thumbs suddenly.

The pointer should move slightly in the opposite direction to indi

cate a decrease in pressure and then quickly return to its original

position .

Warning: Never open the case of Barometers ML- 102- B ,ML- 102- E ,

or ML- 102- F . Any adjustment that can be made in the field can be

made without opening the case. Barometer ML-102 - D and NL

316 / TM may be opened to place the mechanism in a new case or to

make adjustments in an emergency , as outlined in paragraph 23. Except

for these adjustments, the case must not be opened . These barometers

are precision instruments. Tampering with the internal mechanism or

attempting to adjust the linkage or magnification system will make it

necessary to recalibrate the instrument. This CANNOT be done by

Signal Corps repair facilities. Recalibration involves the use of special

ized auxiliary precision equipment and highly skilled personnel avail

able only at the manufacturer's plant. The adjustments and replace

ments which are allowed on these barometers are given in the follow

ing paragraphs. Using personnel are instructed to confine themselves

to these operations,
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21. ADJUSTING BAROMETER . a. Comparative readings. (1 ) Before

adjusting the aneroid barometer, make at least six comparative read

ings with an accurate mercury barometer. These readings should be

made at intervals during a period of 112 to 2 hours. If time permits ,

even more readings should be made since the greater the number of

such comparative readings, the higher the degree of accuracy in the

final results. Take the average of the readings of each barometer.

(2) Subtract the average of the aneroid readings from the average
of the mercury readings. If the average reading of the aneroid exceeds

that of the mercury barometer, the difference should have a negative

sign .

(3 ) If the difference exceeds 0. 3 millibar (0 .01 inch ) adjust the
aneroid by the amount of the difference (see b below ) .

(a ) If the difference has a positive value, the reading of the aneroid

should be increased .

(b ) If the difference is negative, the aneroid reading should be de

creased .

Note. It is doubtful whether improved accuracy can be obtained by making an

adjustment of less than 0 .3 millibar since the random error of the instrument is

probably as much as 0 .3 millibar.

b . Adjusting Barometers ML- 102 - B , ML- 102 - E , and ML- 102- F . (1 )

Insert a screw driver in the slot which turns the worm of the gear plate

(fig . 10 ) . Rotate the gear plate by means of this worm until the pres

sure indicated by the aneroid has been changed by the amount of the

average difference as determined in a above.

(2) Turn the screw clockwise to decrease , and counterclockwise to

increase the indicated pressure.

c. Adjusting Barometers ML- 102- D and ML-316 / TM . (1 ) Remove

the plastic screw -plug from the plastic dial cover.

(2 ) Insert a small-bladed screw driver in the slot of the adjusting

disk . A clockwise rotation of this disk causes a like movement of the

pointer. This adjustment is limited to one-half revolution of the disk

either side of the index line marked on the face of the dial ( fig . 3) or

UPPER PART OF FRAME LOWER PART OF FRAME
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E

S
0
0

@

C
O
C
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SCREWDRIVER ADJUST

MENT FOR SETTING WORM
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Figure 10 . Barometer ML- 102- F (ML- 102- B orML-102- E ), disassembly of frame.
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approximately 10 millibars. The barometers can readily be adjusted

by the use of this disk .

22. REPAIRS TO BAROMETERS ML- 102 - B, ML- 102 - E, and ML- 102- F.

a . Replacing hanger. ( 1) It is necessary, to remove the barometer case

from the metal frame to attach a new hanger (fig . 10 ) . First remove

the four small screws in the sides of the frame and remove the upper

part of the frame.

(2 ) Remove the nuts , star lockwasher sleeves, and large round

washers securing the barometer to the shockmounts at each of the

four corners of the frame. Remove the case from the frame.

(3 ) With a short screw driver, remove the two screws that hold the

hanger posts to the frame.

(4 ) Insert one new post and tighten the screw .

(5 ) Insert the hanger in the two posts and tighten the screw of the

other post.

Note . On Barometer ML- 102- E the posts of the hanger are attached to the frame

by means of nuts and washers instead of screws. In this case, use a pair of fine-nose

pliers to remove the posts.

(6 ) Reassemble the frame ( fig . 10 shows the order in which these

parts are assembled) .

b . Replacing plastic window . It is necessary to remove the upper half

of the frame to replace the plastic cover which protects the dial.

( 1 ) Follow directions in a ( 1) above to disassemble the frame.

(2 ) Start at one end and gently pry up the snap ring with a screw

- driver. Remove the ring and the plastic window .

( 3 ) Make certain the new window is washed , polished , and free

from fingerprints. Insert the new window and replace the snap ring .

(4 ) Reassemble the frame (fig . 10 ) .

c. Replacing pointer. The pointer of these barometers may be loos

ened on its shaft by severe vibration . When this occurs, proceed as

follows:

( 1) Follow the direction given in a and b above for removing the

upper half of the barometer frame and the plastic window .

( 2 ) Place the pointer on its shaft lightly and set it to read the station

pressure. Place the thumb nails on the pointer on opposite sides of

the pointer shaft, but as close to the shaft as possible . Press directly

downward on the pointer until it is firmly set on the shaft. Be very

careful not to bend the shaft.

(3) Reassemble the dial cover and frame.

23. REPAIRS TO BAROMETERS ML- 102- D and ML- 316 /TM . a . Replac

ing plastic window . (1) Open the cover, press the spring stop by the

right-hand hinge, and remove the cover.

(2) Remove the four screws and washers that hold the plastic panel

in place.

(3 ) Gently pry up the plastic dial cover with a pen knife or a screw

driver and lift out the panel.

(4 ) Insert the new window , being sure it is polished and free from

fingerprints . The plastic screw in the cover must be directly above

the adjusting disk (fig . 3) .

(5) Replace and tighten the screws and washers.
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b . Replacing pointer.

Caution : This is a very delicate operation . It must be attempted in

the field only when absolutely necessary and only by competent per

sonnel.

( 1) Remove the cover and plastic window as described in a ( 1) to

( 3 ) above.

(2) Using a very small screw driver or the blade of a pen knife,

loosen the pointer clamping screw and remove the pointer, being care

ful not to bend the pointer shaft.

(3) Carefully place a new pointer on the pointer shaft and rotate

it around the shaft until it reads the pressure (at least within a half

millibar) as determined by a mercury barometer. Gently press the

pointer down flush with the end of the pointer shaft.

(4 ) Tighten the pointer setscrew , again being careful not to bend

the pointer shaft.
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Figure u . Barometer MI- 102- D (or ML- 316 / TM ), adjustment of

gear sector and pinion .
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(5 ) Use the adjusting disk on the dial to set the aneroid to the

exact station pressure. This disk should not be used for large adjust
ments.

(6 ) The tip of the pointer should clear the dial by at least 1 / 16

inch . If it does not, very carefully spring the pointer upward until

this clearance is obtained .

(7) Replace the plastic window , screws, washers, and cover.

c. Placing mechanism in new case.

Note. The mechanisms and dials of Barometers ML- 102 - D and ML -316 / TM are

not interchangeable , since each aneroid mechanism is hand-calibrated with its par

ticular dial, but the complete mechanism , with dial, may be placed in a new case .

Before placing in a new case , however, check the instrument against an accurate

mercury barometer and apply the linkage test (par. 20C (3 ) ), to make sure the

interior mechanism is functioning properly . A barometer that is in error by 3 milli

bars, or more , should be replaced . Ordinarily anything that would damage the case

sufficiently to require it to be replaced would also damage the mechanism . If the

case is replaced in the field , it must be done only by qualified personnel.

( 1 ) Remove the cover and plastic window according to instructions

above.

( 2 ) By means of the rubber mounts in the two rear corners, care

fully lift the dial and mechanism assembly from the case . Be extremely

careful not to damage the corrugated cell and the pointer during this

operation .

( 3 ) Holding the dial and mechanism assembly by the rear rubber

mounts, fit the two front rubber mounts into the front corners of the

new case. (Avoid striking the cell against the metal stop in the front

righthand corner.) Now ease the dial to a level position , being sure

the rubber mounts are resting against the stops in the four corners.

(4 ) Replace the plastic window , screws, washers , and cover .

d . Adjusting rack and pinion (fig . 11) .

Caution : Occasionally, following a severe shock , the barometer may

show an error of 10 millibars . This may indicate that the rack and

pinion have jumped a tooth . In this event, send the barometer to the

Signal Corps depot where it will be adjusted by qualified personnel.

Do not attempt this adjustment in the field !

( 1 ) The distance between teeth is equal to 10 millibars on the scale.

Look closely and note that there are three prick punch marks on the

rack between the teeth . There is also one prick punch mark on one

of the teeth of the pinion (fig . u ) .

( 2) The distance between two punch marks on the rack is equal

to one complete revolution of the pinion . When the teeth are properly

meshed , the punch mark on the pinion should be directly opposite one

of the punch marks on the rack as shown in figure u . '

(3 ) If the punch mark on the pinion is out of mesh with the punch

mark on the rack, swing the vertical stop (fig . 11) away from the rack

goº to the right or left, with the aid of a small pair of pliers. Gently

raise the rack above the pinion and rotate the pinion until the punch

marks line up . Allow the rack to return to its normal position and

replace the stop in its original position .

24. LUBRICATION . The mechanism of Barometer ML - 102– (* ) does

not require oil. Oil would only interfere with the proper functioning

of the instrument and thereby introduce serious errors in reading.

DO NOT USE OIL ON THE MECHANISM !
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TECHNICAL MANUAL

WIND EQUIPMENT SCM -20- A

- - . ' AND

WIND EQUIPMENT AN /GMQ-1 " .

CHANGES WAR DEPARTMENT,

No. 1 WASHINGTON 25 , D . C ., 25 September 1944.

TM 11 -429. 10 March 1943, is changed as follows:

The date of this manual is changed to read : 10 March 1944,

wherever it occurs.

5. WIND PANELS ML- 204- A AND ML-204-B (figs. 3 and 4 ).

: *

b. The wind -speed meter * * * ma d -c movement. It has

two external resistors that are controlled by the toggle switch mounted

below it, to give the necessary calibration for the two ranges (par. 1c)

of the instrument. Normally the switch is in the 150 -mph range

position .

6 . CARRYING CASES ML-207A and ML-207 -B .

a . Carrying Case ML- 207 - A contains the disassembled wind

transmitter (par. 2a ), the wind panel, and the set of running spares

(par. 2c), of Wind Equipment SCM -20- A .

b . Carrying Case ML- 207 - B contains the disassembled wind

transmitter (par. 3a ), the wind panel, and the set of running spares

(par. 3c ), of Wind Equipment AN /GMQ- 1 .

8 . SUPPORT ML- 206 - A , Support ML- 206 - A * * * provided

with steps. It has additional accessories (par. 3e) for mounting on

the ground as well as mounting on either roof or platform .

11. UNPACKING .

c. Carry the other * * * support when unpacking. Check

the parts with those listed in paragraph 2e for SCM - 20 - A , or

paragraph 3e for AN /GMQ- 1.

15 . ASSEMBLING WIND TRANSMITTER .

* *

b . Assemble the transmitter as follows:

AGO 5270 598803 _ 44



TM 11 -429

C1

(8 ) Check the running spares (par. 2c) left in the case. Close the

carrying * * * parts are needed .

20. FINAL WIRING ADJUSTMENT.

d . Finally , close the panel and lock the wing clamps (par. 14d ( 3 )).

27. ANEMOMETER HEAD.

b . If a wind * * * replace the assembly.

(2 ) Remove the faulty * * * the new assembly.

(a ) On Support ML- 205- A , simply climb the mast, loosen the

thumbscrew , and lift off the old head and rotor. Put the new

* * * paragraph 156 ( 3 ) .

· AGO 3270
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DISTRIBUTION :
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WAR DEPARTMENT,

WASHINGTON 25, D . C ., 15 May, 1943

TM 11 -429, War Department Technical Manual, Wind Equipment

SCM -20- A and Wind Equipment AN /GMQ- 1 is published for the in

formation and guidance of all concerned.

[ A .G . 062.11 (27 Feb 43).]
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DESTRUCTION NOTICE

WHY – To prevent the enemy from using or salvaging this equipment

for his benefit.

WHEN – When ordered by your commander.

HOW - 1. Smash - Use sledges, axes, handaxes, pickaxes, hammers,

• crowbars, heavy tools, etc .

2. Cut – Use axes, handaxes, machete, etc.

3 . Burn - Use gasoline, kerosene, oil, flame throwers, incen

diary grenades, etc.

4. Explosives Use fire arms, grenades, TNT, etc.

5 . Disposal - Bury in slit trenches, fox holes, other holes.

Throw in streams. Scatter .

Use Anything Immediately Available

For Destruction of This Equipment.

WHAT — 1. Smash - Wind panel, anemometer heads, cup rotors, spare

resistor, and contact assemblies.

2. Cut –Guy cables, wires, etc .

3. Burn – Wooden cases and other combustible material.

4 . Bend - Mast sections, vane tail, and counterbalance.

5 . Bury or scatter - Any or all of the above pieces left after

burning.

DESTROY EVERYTHING
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Figure 1. Wind Transmitter ML- 203- A or ML-203-B , assembled.
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Figure 2 . Wind Transmitter ML-203- A or ML- 203 - B , disassemblea .
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SECTION I

DESCRIPTION

1 . GENERAL.

a . Wind Equipment SCM -20- A and Wind Equipment AN /GMQ-1

are sets of equipment for measuring and remotely indicating the speed and

direction of surface winds. Wind Equipment SCM -20 - A is intended pri

marily for permanent attachment to airdrome control towers. Wind Equip

ment AN /GMQ- 1 is intended primarily for semi-permanent installations

at weather stations.

b . Wind Equipment SCM -20- A and Wind Equipment AN /GMQ-1

differ only in the type of support used. The wind transmitter and wind

panel units used by each equipment are identical in construction and appear

ance, and the parts of each are completely interchangeable .

c. The wind speed indicator of both sets of equipment is a meter cali

brated in two scales : one from the starting speed of approximately 2 miles

per hour (mph ) to 30 mph ; the other from the starting speed to 150 mph.

d . The wind direction indicator of both sets of equipment is a meter

calibrated in degrees for every 10° position of the compass, and the cardinal

and inter- cardinal letters are included on the dial.

e. The wind speed transmitter of both sets of equipment has an over-all

speed accuracy of + 1 / 2 mph from the starting speed to 30 mph , + 3 mph

from 30 mph to 75 mph, and the accuracy from 75 mph to 150 mph is

4 percent of the scale reading.

2 . COMPONENTS OF WIND EQUIPMENT SCM -20- A .

a. Wind Transmitter ML-203-A (fig. 1) , which consists of ( fig . 2 ) :

1 cup rotor

1 anemometer head

1 wind vane assembly

1 vane tail

1 vane counterbalance

b. Wind Panel ML-204-A (figs. 3 and 4 ) .

604965 - 44 - 2
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Figure 3. Wind Panel ML-204 - A or ML- 204 - B .
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Figure 4 . Wind Panel ML-204 - A or ML- 204-B , opened.
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Pars. 2 -3

c. A set of running spares, which consists of:

1 cup rotor

1 anemometer head

2 wind vane resistor assemblies

1 wind vane contact assembly

d . Carrying Case ML-207- A for transporting Wind Transmitter

ML-203- A , Wind PanelML-204- A , and the set of running spares.

e. Support ML-205- A , which consists of :

1 top mast section

1 bottom mast section

1 mast base

4 roof brackets

4 guy wire assemblies

4 wire clamps

4 eyebolts with handnuts and swivel rods

10 lag screws

fi Wire W -110 - B (600 feet) .

3. COMPONENTS OF WIND EQUIPMENT AN /GMQ-1.

a. Wind Transmitter ML-203- B (fig . 1) , which consists of (fig . 2 ) :

1 cup rotor

1 anemometer head

1 wind vane assembly

1 vane tail

1 vane counterbalance

b. Wind PanelML-204-B ( figs. 3 and 4 ) .

C. A set of running spares, which consists of:

1 cup rotor

1 anemometer head

2 wind vane resistor assemblies

1 wind vane contact assembly

d . Carrying Case ML-207- B for transporting Wind Transmitter

ML-203- B , Wind PanelML-201- B , and the set of running spares.

e . Support ML-206 - A , which consists of:

1 top mast section

1 middle mast section

1 bottom mast section

1 mast base

4 roof brackets

4 ground stakes
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Pars. 3 - 5

Wind Equipment SCM -20 - A

Wind Equipment AN /GMQ- 1
Wind Equipmen

4 guy wire assemblies

4 wire clamps

4 eyebolts with handnuts and swivel rods

10 lag screws

2 stakes GP-2

f. Wire W - 110 - B (600 feet) .

g . Carrying Case ML-208 - A for transporting Support ML-206 -A and

Wire W -110- B.

4 . WIND TRANSMITTERS ML-203- A and ML-203- B (figs.

1 and 2 ) .

a. Wind Transmitter ML-203- A is the measuring and transmitting

unit for Wind Equipment SCM -20- A . Wind Transmitter ML-203- B is

the similar unit for Wind Equipment AN /GMQ-1. They are identical

in every respect. Each consists of an anemometer (an instrument that

rotates with the wind to measure its speed ) and a wind vane (an instru

ment that positions itself in the direction from which the wind is blowing ) .

The anemometer and the wind vane are mounted in separate housings that

are assembled together on the same central shaft, with the wind vane

assembly below the anemometer.

b . The anemometer consists of a 3 -cup rotor and an anemometer head.

The cup rotor is mounted and held on the anemometer head by a cap nut.

The anemometer head is essentially an a -c generator driven through suitable

gearing by the cup rotor. The lower end of the anemometer head fits on ,

and has generator terminals that plug into the top end of the central shaft

of the transmitter.

c. The wind vane assembly consists of a vane tail and a counterbalance

attached to a rheostat unit (fig . 5 ) mounted on the central shaft of the

transmitter, with the shaft and the base of the transmitter as part of the

assembly . The rheostat unit is essentially a low -voltage d -c telemeter.

d . The central shaft of the transmitter is screwed into the transmitter

base . The base is provided with a loctal socket to which the rheostat unit

of the wind vane assembly and the generator of the anemometer head are

connected.

5. WIND PANELS ML- 204- A AND ML- 204-B ( figs. 3 and
4 ) .

a . Wind Panel ML-204- A is the indicating unit of Wind Equipment

SCM -20 - A . Wind Panel ML- 207- B is the similar unit for Wind Equip
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Figure 5 . Wind vane rheostat assembly.
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Pars. 5 - 7 Wind Equipment AN /GMQ-1

ment AN /GMQ-1. They are identical in every respect. Each consists of

a small wooden box containing a rack for mounting dry batteries, and

binding posts for connection of wires from the mast supporting the wind

transmitter. The box has a hinged inclined panel on which is mounted a

wind-speed meter, a wind-direction meter, and two single-pole toggle

switches.

b . The wind-speed meter is a rectifier-type a-c milliammeter having a

1 ma d -c movement. It has two external resistors that are controlled by

the toggle switch mounted below it , to give the necessary calibration for

the two ranges (par. 16 ) of the instrument. Normally the switch is in the

150-mph range position.

c. The wind-direction meter is a specially designed (par. 23) low -voltage

d -c self-synchronous repeater. It is similar to the standard d -c aircraft self

synchronous repeater used for indications of aircraft control flap positions.

( In an emergency, the standard 12- or 24 -volt aircraft self-synchronous

indicator can be substituted.)

d . The battery supply consists of four Batteries BA-30 connected in

series-parallel to provide 3 -volt output. The battery circuit is controlled

by the panel toggle switch mounted below the wind direction meter. Nor

mally the switch is in the off position.

6 . CARRYING CASES ML-207- A and ML-207-B .

a . Carrying Case ML-207 -A contains the disassembled wind transmitter

(par. 2a ( 1 ) ) , the wind panel, and the set of running spares (par. 2a ( 3 ) ) .

b . Carrying Case ML-207- B contains the disassembled wind transmitter

(par. 26 ( 1) ) , the wind panel, and the set of running spares (par. 26 ( 3 ) ) ,

of Wind Equipment AN /GMQ-1.

c. The cases are made ofwood , and are identical in construction. Each

has a hinged cover fastened by a catch , and is provided with handles for

carrying . The inside is provided with felt-lined compartments for safe

storage of the contents.

7 . SUPPORTML-205- A . Support ML-205- A is the mast support

of Wind Equipment SCM -20 - A . It consists of a hinged mast base, two

5 -foot sections of pipe, and a set of accessories ( par. 2a (5 ) ) for mounting

on a roof or wooden platform . The base and pipe sections are provided

with means for assembling and clamping them together . The upper end

of the top section is fitted with a plug wired to a connection box on the side

of the pipe. The bottom section is provided with handles for orienting the
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Description Pars. 7 -9

equipment. Steps are provided on both sections to permit climbing the mast

when it is raised. SupportML-205-d is not intended for ground installation .

8 . SUPPORTML-206 - A . SupportML-206 - A is the mast support of

Wind F.qupiment AN /GMQ-1, and is provided with a special Carrying

Case ML-208-A (par. 9 ) . It consists of the same items that make up

Support ML-205-A (par. 7 ) , excepting that it has a third section of pipe for

insertion between the bottom and top sections and none of the sections are

provided with steps. It has additional accessories (par. 26 (5 ) ) for mount

ing on the ground as well as mounting on either roof or platform . .

9 . CARRYING CASE ML-208 - A . Carrying Case ML-208 -A is a

special case in which Support ML-206- A ( par. 8 ) and Wire W -110 -B of

Wind Equipment AN /GMQ-1 are packed . It is a wooden case with a

hinged cover fastened by catches, and has handles for carrying. The inside

is arranged for the proper storage of the disassembled support and the wire.

Note that Support ML-205- A of Wind Equipment SCM -20- A has no

special carrying case.



SECTION II

INSTALLATION

TM 11-429

Pars. 10 -12

10. LOCATION.

Q . Select a location for the wind transmitter that is not shielded by

buildings or trees and which is easily accessible for maintenance of the

instrument.

b . Locate the wind panel inside a building or shelter of some sort where

the initial wiring and subsequent routine observations can be made with ease .

Never expose the wind panel to outdoor conditions.

11. UNPACKING .

a. Either set of wind equipment ordinarily is packed in two crates.

( 1 ) One of the two crates of Wind Equipment SCM -20 - A contains

Carrying Case ML-207 - A , and the other contains Support ML-205 - A

and 600 feet of Wire W -110- B .

( 2 ) One of the two crates of Wind Equipment AN /GMQ-1 contains

Carrying Case ML- 207-B , and the other contains Carrying Case ML-208 -A

( par. 9 ) .

b. Carry the crate containing either Carrying Case ML-207- A or

ML-207- B to the shelter in which the wind panel will be installed. Do

not unpack this crate until ready to wire the wind panel (par. 14d ).

C. Carry the other crate to the site selected for the support, and unpack

it. (If Wind Equipment SCM - 20 -A is being handled, the support and

wire will be packed directly in this crate ; if Wind Equipment AN /GMQ-1

is being handled , this crate will contain Carrying Case ML-208- A in which

the support and wire are packed ) . Take care not to overlook or lose small

parts of the support when unpacking. Check the parts with those listed in

paragraph 2c for SCM -20 - A , or paragraph 3c for AN /GMQ-1 .

.

12. INSTALLING SUPPORT ML-205 - A (fig . 6 ) .

a. Place the mast base in the center of the platform or roof. Put the

hinged socket in a horizontal position. If the roof or platform is smaller
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Installation Par. 12

s in the of the lo any pos,

0 0 .

than 20 feet square, turn the base so the open end of the socket points

toward a corner of the roof or platform . If the roof or platform is larger

than 20 feet square, install the base in any position in the center of the

area. Fasten the base with two of the lag screws provided with the support,

using the two small holes in the base.

b . Fasten the roof brackets, which can be used either horizontally on

the roof surface or vertically on the side of the building, as shown in the

enlarged views in figure 6 .

( 1 ) If the roof or platform is smaller than 20 feet square, locate the

brackets in the corners.

( 2 ) If the space is larger, locate the brackets about 10 feet from the mast

base and equally spaced around it, as shown at A , B , C and D in figure 6 .

Fasten the roof brackets with lag screws.

c. Insert an eyebolt through one of the holes in the curve of each

bracket, and then slip on a swivel rod and screw on the handnut. Use the

bracket hole nearest the end of the curve if the bracket is fastened on the

roof; use the other hole if the bracket is fastened to the sidewall.

GUY RING

WIRE ROPE

SOCKET

LAG SCREWS

A - oclo

MAST BASECABLE

CLAMP
BRACKET

FASTENED

TO SIDE OF
BUILDING

EYEBOLT BRACKET
FASTENED

TO ROOF

- SWIVEL ROD

HAND NUT

O
g

TL - 90266

Figure 6. Support ML-205-A , showing assembly on roof or platform .
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Par. 12 Wind Equipment AN /GMQ- 1

d . Assemble the mast horizontally as follows:

( 1) Insert the unslotted end of the bottom mast section (the one with

the opposite slot and small hole located about one foot from the top end )

into the hinged socket of the mast base. Make sure the clamp on the socket

is loose enough for the section to be inserted easily, otherwise the socket

may be damaged. Tighten the clamp on the socket.

( 2 ) Loosen the clamp of the top mast section, and place the collar end

over the bottom section , making certain that the pin inside the collar fits

the slot in the end of the bottom section . Push the section down as far as

it will go. Tighten the clamp. Do not remove the cap from the end of

the top section until ready to install the wind transmitter (par. 15c) .

e. Straighten out the four guy cables, and fasten them to the guy ring

near the top of the mast. ( The ring should turn freely on the mast. If it

does not, lightly tap one of its lugs. Do not hit too hard or the lug may

bend or snap off ) .

( 1) Remove the cotter pin from the wire rope socket at one end of a

guy cable and remove the connecting pin .

( 2 ) Place the yoke of the socket over one of the lugs of the guy ring

on the mast.

( 3 ) Replace the connecting pin in the socket and through the hole in the

guy ring lug. Replace the cotter pin and bend its ends so it cannot slip out.

( 4 ) Repeat the steps in subparagraphs ( 1) , ( 2 ), and ( 3 ) above, to fasten

a guy cable to each of the three remaining lugs of the guy ring.

f . Connect the loose ends of three of the guy cables to eyebolts.

( 1 ) Slip a cable clamp on the cable attached to the guy ring lug toward

bracket B , figure 6 .

(a ) Unscrew the two nuts of the cable clamp, which is split lengthwise

and divides into two halves when the nuts are unscrewed .

(6 ) Slip the cable end first through the nut with the larger hole , and

then through the nut with the smaller hole.

( 2 ) Insert the end of the cable into the eyebolt, and take a double turn

through the eye, as shown in the enlarged view that is part of figure 6 .

( 3 ) Put the cable end back through the cable clamp nut that has the

smaller hole, and then through the nut that has the larger hole.

(4 ) Place the split clamp sections over the wires between the nuts. Screw

on the nuts. Pull up the slack in the cable and hand-tighten the nuts so

the clamp prevents the wires from slipping.

( 5 ) Repeat the steps in subparagraphs ( 1 ) , ( 2 ) , ( 3 ) , and (4 ) above, to

fasten the cable attached to the lug toivard bracket D ( fig . 6 ) to the eye

bolt in that bracket.

10
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Installation Pars. 12- 13

(6 ) Repeat the steps in subparagraphs ( 1) , ( 2 ), ( 3 ), and (4 ) above,

to fasten the cable attached to the bracket on which the mast is resting,

to the eyebolt in that bracket. Leave enough slack so the length of cable

between the guy ring and the eyebolt is approximately the same as the

lengths fastened to brackets B and D .

NOTE : The remaining guy cable is not fastened to bracket A

until the mast is raised .

13. INSTALLING SUPPORT ML-206 - A (fig . 7 ) .

a . To mount Support ML-206 - A on a roof or platform :

( 1) The procedure is identical with that given in paragraph 12 for

Support ML-205 - A , except that a middle mast section is used between

the bottom and top mast sections.

(2 ) Mount the middle section on the bottom section, and then the top

section on the middle section . Proceed as instructed in paragraph 120 ( 2 ) .

b . To mount Support ML- 206 -A on the ground :

GUY RING

A
P
P
R
O
X

.10F
T

.—

WIRE ROPE

SOCKET

STAKE GP- 2

12

- CABLE

CLAMP
MAST BASE

- SWIVEL ROD

EYE BOLT

GROUND STAKE

LHAND NUT

TL - 90255

Figure 7. Support ML-206 - A showing assembly on ground.
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Figure 8. Wind Transmitter ML-203 - A or ML-203- B and

Support ML-205- A or ML-206 - A , wiring diagram .
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Installation Par. 13

( 1 ) Locate the mast base and drive two Stakes GP- 2 into the ground

through the two large holes in the base .

( 2 ) Locate the four large ground stakes about 10 feet away from the

mast base and equally spaced around it ( A , B , C , and D in fig . 7 ) . Drive

each stake firmly into the ground at about a 45° angle, with the top of the

stake extending away from the direction of the mast base .

(a ) Put the driving cap on top of each stake as it is being driven , to

prevent damage to the stake, and be careful not to strike the spade portion

of the stake. Never strike the stake a direct blow with the sledge hammer.

If a driving cap is not available, use a piece of wood or some other flat

solid object to protect the end of the stake.

( b ) In soft ground , drive the stake in far enough to cover the spade;

in hard ground, drive the stake in as far as possible . (On rocky ground

where it is impossible to drive a stake, secure the guy wires to an imbedded

rock or any other firmly rooted object.)

( 4 ) Put eyebolts in the stakes, assemble the mast sections, and fasten the

guy wires, the same way as instructed in paragraph 12 for Support ML

205- A , but remember to use the third mast section as instructed in sub - -

paragraph 13a ( 2) above.

BATTERIES

TERMINAL

STRIP

WIND - SPEED METER SWITCH

- BATTERY SWITCH

RESISTORSO

WIND - DIRECTION METER

bed40WIND - SPEED METER

Figure 9 . Wind Panel ML-207-. 1 or ML-204 - B , wiring diagram .
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Par. 14 . Wind Equipment AN /GMO-1

14. WIRING .

a . Three equal lengths of paired wires are required for wiring either

Support ML-205- A or ML-206 - A to either Wind Panel ML-204- A or

ML-204 -B .

( 1 ) The 600 feet of Wire W -110 - B that is provided is sufficient if the

mast and wind panel are located within 185 feet ( for SCM -20- A ) , or 190

feet ( for AN /GMQ- 1 ) , of each other.

( 2 ) The support and wind panel can be separated as far as 1000 feet

from each other if sufficient wire is available .

b . Unwind the field wire from the spool and cut it into three equal

lengths as follows:

( 1) Place the spool on the ground so that it can roll, and anchor the

end of the wire at the mast.

( 2 ) Unwind the wire by rolling the reel along the ground in the direc

tion of the location of the wind panel.

(3 ) Loop the wire around a stake or some other stationary object, and

unwind more wire by rolling the spool back to the mast.

( 4 ) Loop the wire around the mast, and unwind the remainder of the

wire by rolling the spool in the opposite direction again .

( 5 ) Cut the wire at the loops to obtain three approximately equal lengths

of paired wires, with one end of each length at the mast and the other

in the vicinity of the wind panel.

(6 ) Tie a knot at each end of one pair of wires, tie two knots at each

end of another pair, and leave one pair unknotted . This will help identify

the pairs after making connections at the mast.

c. Open the hinged cover of the connection box on the side of the top

section of the mast, and insert the ends of the wires at the mast through

the hole in the bottom of the box. Connect the wires to the terminals

( fig . 8 ) .

( 1 ) Connect one wire (of the pair that has one knot at each end ) to

terminal No. 1, and connect the other to terminal No. 2 .

( 2 ) Connect one wire (of the pair that has two knots at each end ) to

terminal No. 3 , and connect the other to terminal No. 4 .

( 3 ) Connect one wire of the remaining pair (unknotted at the ends) to

the terminal marked plus ( + ) , and connect the other to the terminal

marked minus ( - ) .

(4 ) Close and fasten the cover of the connection box on the mast.Gather

the wires running from the box and twist them into the spiral hooks pro

vided on the mast, so they will be fastened to the mast when it is raised

(fig. 10 ) .

17
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Installation Pars. 11-15

d . Remove Carrying Case ML-207 - A or ML-207- B from the crate

at the site intended to install the wind panel. Remove the wind panel from

the case. Handle it with care. Set the wind panel on its base on a table

or shelf, or use the holes in the back of the box and screw or bolt it on a

wall. Then connect the wires from the mast.

( 1 ) Open the hinged front panel by twisting 14 -turn ( counterclockwise )

the small wing clamp in each upper corner. Do not let the panel drop

down. Lower it gently .

( 2 ) Insert the three pairs of wires from the mast into the box through

either of the side holes (fig . 4 ). Connect the wires to the terminals (fig. 9 ) .

( a ) Connect one wire (of the pair that has one knot) to terminal No. 1,

and connect the other to terminal No. 2.

( 6 ) Connect one wire (of the pair that has two knots) to terminal

No. 3, and connect the other to terminal No. 4 .

(c ) Connect one wire (of the unknotted pair ) to the terminal marked

plus ( + ), and connect the other to the terminal marked minus ( - ), in

the box.

( 3 ) Close the front panel and push and turn each wing clamp until its

end is felt to engage the wire, then lock by twisting 14-turn clockwise.

15. ASSEMBLING WIND TRANSMITTER .

a . Wind Transmitters ML-203- A and ML-203-B are stored in their

respective Carrying Cases ML-207- A and ML-207-B in a disassembled

condition . The parts required for one complete wind transmitter assembly

are shown in figure 2 .

b . Assemble the transmitter as follows:

( 1) Remove the wind vane assembly from the carrying case and spin the

vane shell to see that it turns easily . ( The vane shell is that part of the

assembly which has two threaded hub projections. If the shell does not

turn easily , do not force it. Send it to the nearest mobile or fixed repair

depot where the necessary tools are available.)

( 2 ) Remove the anemometer head from the carrying case , and loosen but

do not remove the thumbscrew from the socket at the lower end.

( 3 ) Place the lower end of the anemometer head over the slotted shaft

at the top of the wind vane assembly. Do not force the head on the shaft.

Rotate the head until the pin in the lower end fits the slot in the shaft,

and the head will slip on easily . Tighten the thumbscrew . Make it hand

tight only . Do not use a tool.

( 4 ) Remove the vane tail from the carrying case and insert its small

cylinder end into the hollow hub on the side of the wind vane assembly.
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Take care that the two pins on the cylinder are lined up with the slots

in the end of the hub. Screw on the union nut. Make it hand-tight only .

(5 ) Remove the counterbalance from the carrying case and slip its open

end over the hub on the opposite side of the wind vane assembly. Screw on

the union nut. Make it hand -tight only .

(6 ) Grasp the top and bottom ends of the wind transmitter, and hold

the transmitter horizontally . The counterbalance must balance the vane

tail. Loosen the union nut in the center of the counterbalance and move

the weighted end of the counterbalance in or out a ways in the tube until

correct balance is obtained. Tighten the union nut. Make it hand-tight

only.

(7 ) Remove one cup rotor from the carrying case and lay it aside.

( 8 ) Check the running spares (par. 2a (3 ) ) left in the case. Immediately

requisition any parts that are missing. Close the carrying case and put it

away where it will be convenient when spare parts are needed .

c. Take the assembled transmitter (minus the cup rotor) to the mast,

and attach it.

( 1 ) Remove the screw cap from the end of the mast and screw in cap

lug- on side of support for future use . (Fig. 10 .)

( 2 ) Insert the lower end of the transmitter assembly into the end of the

inast, taking care that the key on the side of the transmitter base fits into

the slot provided in the end of the mast. Tighten the union nut. Make it

hand-tight only. Do not use a wrench .

16 . PRELIMINARY WIRING ADJUSTMENT.

a. Open the wind panel and install four Batteries BA-30 in the rack

that is provided .

( 1 ) Hold a battery by the top and place the bottom against one of the

base springs in the rack .

( 2 ) Press down to compress the spring enough to slip the top of the

battery under the top of the rack . Release the battery and the spring will

hold it in place.

( 3 ) Repeat the steps in subparagraphs ( 1 ) and (2 ) above to install a

battery in each of the remaining three stalls of the rack.

(4 ) Close the panel but do not lock the wing clamps.

b. Hold the battery switch (the one below the wind-direction meter )

clown to ON. If the wind -speed meter shows a reading, it indicates that

the wires are incorrectly connected to the panel terminals.

( 1) Open the panel and transpose the wires connected to terminals 3 and 4.

Close the panel.
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( 2 ) If the meter still shows a reading when the battery switch is ON ,

open the panel again and transpose the wires connected to the plus ( + )

and minus ( - ) terminals. Close the panel.

( 3 ) If the meter still shows a reading when the switch is ON , open the

panel and again transpose the wires connected to terminals 3 and 4 . Close

the panel.

( 4 ) If the meter still reads, repeat steps ( 1 ), ( 2 ) and ( 3 ) above ; if

that fails, recheck the wiring to the mast.

17 . ATTACHING CUP ROTOR.

1. Take the cup rotor to the mast and attach it to the wind transmitter.

( 1 ) Remove the cap nut from the top of the anemometer head, and remove

the spider spring and washer located under it.

(2 ) Fit the hub of the cup rotor over the threaded shaft of the ane

mometer head , taking care to line up the two pins there with the two holes

in the hub. The shield on the rotor should extend down over the anemome

ter'head ( fig . 1 ) .

( 3 ) Replace the washer and then the spider spring .

( 4 ) Replace the cap nut and tighten it. Make it hand- tight only. It is

likely to break if tightened with a tool.

18 . RAISING MAST.

a. Lift the top end of the mast high enough to stand directly beneath

it, and face the mast base. Walk forward and raise the mast hand over

hand until it is upright. (Another man can aid by pulling on the loose

guy cable.)

b. Fasten the loose guy cable to its bracket or stake.

( 1 ) Slip the remaining cable clamp on the cable.

( 2 ) Insert the end of the cable into the eyebolt fastened to bracket or

stake A ( figs. 6 and 7 ) and take a double turn through the eye, as shown

in the enlarged view's.

( 3 ) Put the cable end back through the clamp, pull up the slack , and

tighten the nuts on the ends of the clamp to hold the cable.

c. Adjust each guy cable until the mast is as nearly vertical as can be

judged by the eye. Figure 10 show's the mast raised on the ground.

( 1) Loosen the cable clamp, pull up the slack or pay out more cable,

as the case may be, and then tighten the clamp. ( For permanent installa

604965 O - 44 - 4
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Figure. 10. Support ML-206 - A , showing assembly in raised position on ground,

On a roof or platform , brackets instead of stakes are used to fasten

guy cables, and screws instead of stakes are used to fasten mast base .
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tions where wind is extremely severe, use a pair of wrenches or two pairs

of pliers to tighten the clamp.)

( 2 ) Finally, make the cable taut by adjusting the eyebolt hand nut.

19. ORIENTING .

a . It is necessary to orient the raised mast so the wind vane assembly

can indicate true direction .

( 1 ) Determine the true north direction from the mast, using a compass

if necessary and allowing for the magnetic declination of the locality .

( 2 ) About 100 feet away from the mast and on a line due north from it,

locate a natural landmark or drive a stake into the ground .

b . Loosen the clamp on the mast base ( fig . 10 ) so the mast can be

turned in the socket, and sight the mast on the due north object.

( 1 ) Stand at the mast and sight through the small hole located near the

top of the bottom mast section . ( The eye must be at the hole, not at the

slot on the opposite side.)

( 2 ) Grasp the handles on the bottom mast section and turn the mast until

the object located on the due north line is sighted through the hole and slot.

( 3 ) Tighten the mast base clamp to hold the mast in the oriented position .

20 . FINAL WIRING ADJUSTMENT.

a . Hold the battery switch on the wind panel in the ON position . Note

the reading of the wind direction meter.

b. If the meter indicates the direction in which the wind vane of the

transmitter is pointing, the wiring is correct and needs no further ad

justment.

C. If the meter indicates a different direction , open the wind panel and

transpose the wires connected to terminals 1 and 2 .

d . Finally , close the panel and lock the wing clamps (par. 14d (6 ) ) .
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21. WIND PANEL.

a. General. Leave the wind panel closed (fig. 3 ) when the equipment

is in operation . Do not keep the equipment in operation if either meter

appears to be erratic. See Section V .

b . Reading Wind-Direction Meter . The dial of the wind direction

meter is marked with the cardinal and inter-cardinal points of the compass,

and is divided into thirty-six 10° graduations with numeral designations

cvery 30°,

( 1 ) To obtain a direction reading, hold the battery switch down to ON

and note the direction indicated by the meter pointer.

( 2 ) After taking the reading, release the switch and it will return to

the off position.

C. Reading Wind-Speed Meter. The dial of the wind speed meter is

calibrated directly in miles per hour. It has two scales, one above the other.

The upper scale is calibrated from 0 to 150 mph ; the lower scale from

0 to 30 mph . In case wind- speed meter does not read zero when not con

nected or with no wind, rotate zero adjustment ( fig. 3 ) clockwise or

counter-clockwise until zero reading is obtained.

( 1 ) To take a wind speed reading, note the position of the meter pointer

on the upper scale (150 -mph range ). '

(a ) If it indicates a speed above 30 mph, take the reading directly from

the 150 -mph scale.

(6 ) If it indicates a speed below 30 mph, throw the switch (located

directly below themeter ) and hold it down. Take the desired reading from

the position of themeter pointer on the lower scale ( 30 -mph range ) . After

noting the reading, release the switch and it will return to the normal

position on the 150 -mph scale.

( 2) Never use the switch when the meter pointer indicates more than

30 mph on the upper scale. To do so will damage the meter. The purpose

of the switch is to use the lower scale's wider calibration for the slower

wind speeds. Upper scale readings, even of wind speeds less than 30 mph,

will be satisfactory for most purposes. The real value of switching over

to the lower scale is in reading wind speeds less than 15 mph .
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22. WIND SPEED SYSTEM .

a. The wind speed portion of the equipment utilizes an a -c generator

at the wind transmitter and a rectifier -type a-c milliammeter at the wind

panel.

b. At the transmitter, the generator shaft is coupled through a gear

train to a three-cup rotor exposed to the wind. The cup rotor turns because

of the wind force on it, and its rotational speed is proportional to the wind

speed . Thegenerator driven by the cup rotor develops a voltage which is pro

portional to the cup rotor speed . Thus the output of the generator is

proportional to wind speed . The current is conducted by wires from the

wind transmitter (fig . 10 ) to the wind panel.

C. At the wind panel, the current is fed through an arrangement of

two resistors and a single-pole switch to the milliammeter which measures

the strength of the current ( fig . 9) .

( 1 ) One resistor is 44 ,300 ohms, the other is 9 ,700 ohms. The wind

speed meter switch normally is open and both resistors ( totaling 54,000

ohms) are in series with the milliammeter. This permits the milliammeter

to handle safely the output of the generator when the cup rotor is driven

by the maximum wind ( 150 mph ) for which the equipment is designed.

The upper scale of the milliammeter dial is calibrated for this range.

( 2 ) When the switch is closed, the 44,300-ohm resistor, is shunted out of

the circuit, and only the 9 ,700-ohm resistor remains in series with the

milliammeter. This permits the milliammeter to be more sensitive to the

smaller currents generated by low wind speeds, but limits the maximum

current it can handle safely to that produced by the transmitter generator

when driven by no more than a 30 -mph wind. The lower scale of the

milliammeter dial is calibrated for this range.

23. WIND DIRECTION SYSTEM .

a . The wind direction system of the equipment is essentially a d -c self

synchronous repeater system , with the transmitting portion at the wind

transmitter, and the repeater at the wind panel.
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b . The transmitting portion is a rheostat (fig . 5 ) consisting of a sta

tionary resistor assembly and a movable contacting assembly actuated by

the wind vane.

( 1) The resistor assembly consists of a resistor and a metal collector ring

mounted together on a plastic base.

( a ) The resistor is a continuously wound torroidal resistor ring divided

into three equal electrical sections by three taps spaced 120 degrees apart.

Each tap is wired to a pin in the plastic base ( fig . 8 ) .

( 6 ) The collector ring is mounted in the center of, and extends above

the resistor ring. It is insulated from the resistor and is wired to the fourth

pin in the bottom of the base .

( c ) The completo resistor assembly plugs into a socket in the wind

transmitter base, and is connected through the wiring of the wind trans

mitter and the support to the wind panel. At the panel the three resistor

contacts are connected to the three terminals of the wind -direction meter,

and the collector ring is connected through a single pole switch to the

positive terminal of the battery supply, consisting of four dry cells con

nected in series parallel to furnish 3 volts (fig. 9 ) .

( 2 ) The contact assembly (fig . 5 ) consists of two metal mounting blocks

fixed on a plastic base . Each block bears two pivoted contact arms.

( a ) One arm of each block is pivoted so it can move in the vertical

plane and the other is pivoted to move in the horizontal plane. Each arm

is provided with a spring to maintain tension in one direction , and each

has a contact button at its free end.

(6 ) The mounting blocks are spaced on the plastic base so the contact

arms which move vertically have their contact buttons spaced 180° apart

while making contact with the resistor ring when the rheostat is assembled.

(c ) One of the contact arms that move horizontally is mounted so its

button makes contact ( fig . 8 ) with the collector ring of the resistor assembly.

( d ) The other contact arm that moves horizontally is mounted so its

button makes contact ( fig . 8) with a collector ring that is part of the

collar holding the wind vane assembly on the central shaft of the wind

transmitter . The collar and shaft constitute the negative side for both the

wind direction and wind speed circuits.

c. The repeater at the wind panel is a meter movement consisting

essentially of a rotor and a stator.

( 1 ) The rotor consists of a small bar-type permanent magnet with a

shaft mounted through a hole in the center of the magnet. The shaft is

supported by jewel bearings and has an indicating needle mounted on

one end .

22



TM 11-429

Functioning of Parts Par. 23

(2 ) The stator consists of three identical form -wound coils spaced 120°

apart and mounted on a copper cylinder surrounding the rotor. The coils

are interconnected in a delta connection, and are encased in a special shell

that shields them from terrestrial magnetism . The three terminals of the

coil assembly are connected to the three terminals of the transmitter resistor .

d . The single pole switch in the positive side of the battery supply

normally is open and no current flows through the wind direction system

( figs. 8 and 9 ) .

( 1) When the switch is closed , current Hows to the collector ring of

the resistor assembly at the wind transmitter.

(2 ) Current is taken from the collector ring and fed to the resistor ring

by one pair of contact arms, and the circuit is completed by the other pair

of arms.

( 3 ) The current is distributed among the three sections of the resistor and

the three delta -connected coils of the meter movement at the wind panel,

so the needle attached to the rotor shaft of the meter movement maintains

a fixed angular relationship to the position of the contact arms on the

resistor. In other words, the magnet of the repeater follows in synchronism

the positions of the contact armsmoved by the wind vane.
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24. ROUTINE INSPECTION .

a. Maintaining Wind Equipments SCM -20 - A or AN /GMQ-1 in good

operating condition depends on regular inspection to detect broken , worn or

dirty parts.

b . Thoroughly examine the equipment at least once every two months

if it is installed where conditions are normal. Inspect more often if rain

or dust are severe.

c. Periodically replace the resistor and contact assemblies as instructed

in paragraph 28.

25 . CALIBRATION. The equipment is calibrated before it is sent to

the field . Further adjustment is not required , so do not attempt it. Any

change in the calibration will be due to damage of one of the component

parts of the wind transmitter or of the wind panel. The damaged part

must be replaced. The mast support does not affect the calibration in

any way.

26. CUP ROTO

a . The cup rotor is a complete and permanent assembly. Damage to

any part of it requires replacement of the entire cup rotor.

b. Inspect the cup rotor for loose, cracked or broken cups, or bent cup

arms, which will cause the rotor to be unbalanced and result in serious

vibration of the equipment at high speeds. If any of these faults are detected ,

immediately replace the cup rotor with the one from the spare parts.

C. Do not attempt to repair a damaged rotor. Send it to a depot. The

correct calibration of the equipment is dependent upon the position and

shape of the cups.

27. ANEMOMETER HEAD.

a . The anemometer head of the wind transmitter is the heart of the

wind speed system , and is adjusted for maximum sensitivity before being
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sent out to the field . In use, however, its bearings may become dirty or

corroded and reduce the sensitivity .

b . If a wind speed of more than 3 mph is required to make the cup

rotor on the anemometer head turn, replace the assembly.

( 1) Assemble a new anemometer head and a -cup rotor (par. 17 ) from

the spare parts in the carrying case .

( 2 ) Remove the faulty head and attached cup rotor from the support and

replace it with the new assembly .

( a ) On Support ML-205-A , simply climb the mast, loosen the thumb

screw , and life off the old head and rotor. Put the new assembly on as

instructed in paragraph 15b ( 3 ) .

(b ) On Support ML-206 -A , first lower the mast (par. 286 ( 2 ) ) ,

then replace the head as instructed in (a ) above, and raise the mast

(par. 18) .

( 3 ) Immediately requisition a new anemometer head to maintain a full

complement of spare parts.

c. Remove the cup rotor from the faulty head.

( 1 ) Examine the rotor for faults (par. 26 ). If it is in satisfactory con

dition, store it with the spare parts.

( 2 ) Replace the washer, spider spring and cap nut on the faulty head ,

and send the head to a depot for repair. Do not attempt to repair it in

the field .

28 . WIND VANE ASSEMBLY.

a. Routine. ( 1 ) Inspect the wind vane assembly frequently to deter

mine that the vane turns freely and that the resistor and contact assemblies

are not broken or dirty .

( 2 ) Obtain a whole new wind vane assembly from a depot whenever the

assembly is sluggish in operation and loses sensitivity , that is, if more than

a 3-mph wind is required to move the wind vane when it is 10° off the

wind stream . Send the old assembly to the depot.

( 3 ) Replace a resistor assembly (fig. 5 ) with a new one from the spare

parts after every four months of service, regardless of whether or not it is

broken or dirty.

( 4 ) Replace a contact assembly ( fig . 5 ) with the new one from the

spare parts after every six months of service, regardless of whether or not

it is broken or dirty.

3 . Removing Wind Transmitter from Mast. Whenever a fault is

detected in the operation of the wind vane assembly, or when it is time

to replace the resistor or contact assemblies as instructed in subparagraphs
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( 2 ) and ( 3 ) above, remove the entire transmitter (fig. 1 ) from the

mast support.

( 1 ) REMOVING WIND TRANSMITTER FROM SUPPORT

ML-205-A . ( a ) Climb mast and take cap from cap lug near top of mast

( fig . 10 ) .

( 6 ) Unscrew the union nut holding the wind transmitter, and lift the

transmitter out of the pipe.

(c ) Screw the cap on the open end of the mast pipe. Make it hand

tight only .

SET SCREW

REMOVED

TURN

TURN

BASE VANE SHELL TOP SHIELD

TL 90378

Figure 11. Unscrewing wind vane assembly.

( d ) Hold the wind transmitter carefully while descending the mast.

( 2 ) REMOVING WIND TRANSMITTER FROM SUPPORT

ML-206 - A . Support ML-206 - A does not have steps for climbing. It has

to be lowered to remove the wind transmitter.

(a ) Loosen but do not remove the hand nuts on the eyebolts on

brackets or stakes B and D (figs. 6 and 7 ) .

(6 ) Remove the hand nut and swivel rod from the eyebolt in bracket

or stake A , and, while holding on to the guy cable to keep the mast erect,

remove the eyebolt from that bracket or stake.

( c ) While one man holds on to the loose guy cable, another should

stand on the opposite side of the mast and carefully pull it over and lower

it hand over hand while walking backward. Take care not to disturb the

wires held to the mast by the spiral hooks. Rest the top of the mast on

bracket or stake C .

( d ) Unscrew the union nut holding the wind transmitter to the mast

and slide the transmitter from the pipe.

(e ) Screw a cap on the open end of the mast pipe. Make it hand

tight only .
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c . Disassembling Wind Transmitter. (1 ) Take the wind transmitter

to a sheltered place, preferably inside a building,

( 2 ) Loosen the thumbscrew and lift off the anemometer head and at

tached cup rotor from the wind vane assembly. Lay them aside where they

will be safe .

( 3 ) Unscrew the union nutand remove the vane tail from the vane shell.

NOTE : If the vane tail is damaged, obtain a replacement as

soon as possible. It controls the accuracy of the wind direction

system . Except in an emergency, do not attempt to repair a

damaged vane tail.

(4 ) Unscrew the union nut and remove the counterbalance from the

vane shell.

( 5 ) Separate the two main sections of the wind vane assembly ( fig . 11 ).

(a ) Remove the set screw from the base of the assembly .

(6 ) Grasp the base with one hand and the top shield with the other

• and unscrew and remove the base from the vane shell.

d . Replacing Resistor Assembly. ( 1 ) Remove the three screws on the

base that hold the two shields (one within the other ) around the resistor

assembly, and remove the shields.

( 2 ) Remove the two screws that hold the resistor assembly in place

(fig . 5 ) . Remove the resistor assembly by pulling it up from the socket

in which its four connecting pins are inserted .

(3 ) Plug a new resistor assembly in the socket, taking care to position

its pins properly, and fasten it with the two screws.

( 4 ) Replace the two shields, one inside the other , to enclose the resistor

assembly , and fasten them to the base with the three screws.

e Replacing Contact Assembly . ( 1) Remove the three screws on the

vane shell that hold the two shields (one within the other) around the

contact assembly , and remove the shields.

( 2 ) Remove the four screws that hold the contact assembly in place

( fig. 5 ) . Remove the contact assembly by slipping it off the central shaft.

( 3 ) Slide a new contact assembly over the shaft, and fit it in place on

the vane shell. Take care that the contact arms do not jam against the

end of the collector ring on the shaft, and see that the screw holes in the

contact mounting plate are lined up with the threaded holes in the vane

shell. Fasten the new assembly with the four screws.

( + ) Replace the two shields, one inside the other, to enclose the contact

assembly , and fasten them to the vane shell with the three screws.

f. Reassembling Wind Transmitter. ( 1) Insert the lower end of the

central shaft to which the vane shell is attached , into the base and screw
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them together, turning in the opposite directions from those indicated in

figure 11.

( 2 ) Insert the set screw in the side of the base, and screw it all the way in .

( 3 ) Attach the vane tail and the counterbalance to the vane shell (par.

156 ( + ) and (5 ) ) .

(4 ) Attach the anemometer head and cup rotor to the wind vane as

sembly (par. 156 ( 3 ) ) .

9. Replacing H 'ind Transmitter on Mast. ( 1) Replacing on Support

ML-205- A .

( a ) Carefully carry the transmitter and climb the mast support to

within reach of the top .

( b ) Unscrew the cap from the top of the mast, and insert the base of

the transmitter into the pipe, taking care that the key on the side of the

base fits into the slot provided in the end of the mast. Tighten the union

nut. Make it hand-tight only.

( 2 ) Replacing Wind Transmitter on Support ML-206 - A . (a ) Take the .

transmitter to the hotizontal mast and attach it (par. 15c ).

(b ) Raise the mast (par. 18 ) .

(c ) Insert the eyebolt into bracket or stake A ( figs. 6 and 7) , slip

the swivel rod on the eyebolt, then screw on the hand nut and tighten it.

( d ) Tighten the eyebolt hand nuts on stakes B and D , and adjust all

· eyebolt handnuts to make the mast as nearly vertical as can be judged by

the eye.

h . Disposal of Used Resistor and Contact Assemblies. ( 1 ) Keep the

old resistor and contact assemblies that have been replaced because they

were in service four and six months, respectively. These old assemblies

can be used in an emergency, when a replacement is required and there

are no new ones in the spare parts. Upon receipt of new assemblies, how

ever, immediately replace the old ones that are being reused .

( 2 ) Do not keep the old broken or dirty resistor and contact assemblies

that are replaced because they are inoperative . Send them to the depot

when requisitioning replacements.

29. MAST SUPPORT. a. Inspect the mast support at least once

a month .

b. Check the guy cables to sce that they are sufficiently tight.

c . Check the brackets or stakes to see that they have not loosened .

d . If a guy cable fails, salvage all the fittings, and obtain a replace

ment cable from a depot.
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30. WIND PANEL.

a . General Care. (1 ) Keep the wind panel dry and located where it

is not exposed to excessive dirt or dust.

( 2 ) Requisition a replacement wind panel whenever the indicating meters

of the one in use fail or are erratic (except that a lag of the wind-direction

meter pointer behind the actual position of the wind vane may indicate

weak batteries). Send the old wind panel to the depot for repair. Do not

attempt repairs in the field .

b. Battery Care. ( 1 ) Keep the battery contacts dry, clean and free

from corrosion .

( a ) Dry the batteries, the springs, and the holders, with a clean cloth .

( 6 ) Clean the bottom of each battery (where it makes contact with

the spring ) by scraping the zinc surface with a knife. Be careful to remove

the dull white zinc oxide without gouging into the metal itself. Polish the

scraped surface with sandpaper until it is bright.

( 2 ) With normal use of the battery switch (which must not be used

any oftener nor held closed any longer than actually is necessary to take

a wind direction reading ), the batteries in the wind panel should last at

least six months.

( 3 ) Replace the batteries whenever they show the slightest indication of

weakening.

(a ) Open the wind panel (par. 140 ( 1 ) ) .

(6 ) Press downward on each old battery, and pull its top end from

under the top of the rack .

(c ) Insert new batteries (par. 16a) after preparing the contacts as

instructed in ( 1 ) above.

( d ) Be careful not to disturb the calibrating resistors of the wind speed

meter, nor thewires connected to the terminal strip,when replacing batteries.
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31. CUP ROTOR . Do not attempt any repairs on a damaged cup

rotor. Send it to the main depot for salvage.

32. ANEMOMETER HEAD. c. Determinewhether the fault is in

the upper bearing assembly or in the generator unit.

( 1) Remove the three long screws (located on the ledge near the top

of the head) that hold the two sections together.

( 2 ) Separate the sections by twisting slightly and pulling them apart.

Lay the generator unit aside.

( 3 ) Spin the shaft in the upper bearing assembly . If it spins freely, the

fault with the anemometer head lies in the generator unit. Do not attempt

to repair it. Replace the upper bearing assembly on the generator unit and

fasten them together with the three screws. Send the anemometer head to

the main depot for salvage.

b . If the shaft of the upper bearing assembly does not spin freely, dis

assemble it for examination ( fig . 12 ).

( 1 ) Unscrew the coupling nut at the lower end of the shaft.

( 2 ) Pull the shaft up and remove it from the housing.

( 3 ) Remove the screws from the upper and lower bearing retainers, and

remove the retainers.

(4 ) Remove the two bearings and the felt-lined spacer ( on some models

the spacer is not lined ) from the housing. Take care not to lose the washers

separating the bearings from each end of the spacer.

c. Examine the removed parts.

( 1 ) If the shaft is worn or broken , replace with a new one.

( 2 ) If any part of the bearing assembly is worn or broken , replace the

whole assembly , which consists of the housing, the two bearings, the two

retainers, the spacer, and the two washers. ( The shaft is separately re

placeable) .

( 3 ) If the bearings are dirty , clean them (par. 35 ) , and reassemble the

parts, taking care that the raised center portions of the washers ( placed at

each end of the spacer between the bearings) extend toward the spacer.
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Figure 12 . Anemometer head upper bearing assembly, extended cross-section view .
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Do not tighten the retainer screw's too much or the threads in the plastic

housing will strip .

( 4 ) Fit the upper bearing assembly on the generator unit, taking care

that the coupling pan engages the pin extending from the generator shaft,

and that the screw holes of the two sections are lined up. Fasten with the

three long screws, but do not tighten the screws too much and strip the

threads in the plastic housing.

33. WIND VANE ASSEMBLY. a. Worn or dirty bearings will

be the usual trouble with wind vane assemblies returned to a depot for

repair.

b . The bearings are located within the vane shell section of the assembly .

( 1 ) Separate the vane shell from the base section (par. 28c ( 5 ) ) , and

lay the base aside.

( 2 ) Remove the shields and the contact assembly from the vane shell

(par. 28e ( 1) and (2 ) ) .

c. Disassemble the vane shell ( fig . 13 ) .

( 1 ) Loosen the two set screws in the collar, and slide the collar off the

shaft.

( 2 ) Pull the shaft and attached top shield up and remove it from the

vane shell.

(3 ) Remove the lower bearing, the lower washer, the spacer cylinder, the

upper washer, and then the upper bearing, through the bottom opening of

the vane shell.

. d . Examine the bearings. Clean the ones that are dirty ( par. 35 ). Re

place the ones that are worn.

e . Reassemble the bearings in the vane shell, taking care that the raised

center portions of the washers (placed at each end of the spacer inserted

between the bearings ) extend toward the spacer.

f. Replace the collar ( thick-end first ) on the shaft and up against the

lower bearing in the vane shell. Tighten the two set screws, taking care

to see that the end of each enters the depression provided for it on the shaft.

g . Replace the contact assembly and shields (par. 28e (3 ) and ( 4 ) ) ,

and screw the vane shell section into the base (par. 28f ( 1 ) and ( 2 ) ) .

34. WIND PANEL. a . Do not attempt any repairs to damaged

meters on wind panels. Replace with new meter assemblies, and send the

old ones to the main depot for salvage.
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b . A wind speed meter replacement includes new calibrating resistors.

Carefully follow the wiring diagram (fig. 9 ) when replacing the meter and

resistors.

35 . CLEANING BEARINGS. a . Only the bearings removed from

the upper bearing assembly of the anemometer head (par. 32b ) and those

removed from the vane shell of the wind vane assembly (par. 33c) , are to

be cleaned. Do not atteinpt to remove and clean the bearings in the gen .

erator unit of the anemometer head .

( 1 ) Wash the removed bearings thoroughly in kerosene or gasoline.

(2 ) Spread Cities Service M -51A compound entirely over the clean bear

ings, and work the grease into the raceways.

( 3 ) Under no circumstances should ordinary motor oil or grease be used

on the bearings. If the compound specified in (2 ) above is not available,

simply wash the dirty bearings in kerosene.

34



TM 11-429

S
E
C
T
I
O
N

V
I
I

S
U
P
P
L
E
M
E
N
T
A
R
Y

D
A
T
A

3
6

.T
A
B
L
E

O
F

R
E
P
L
A
C
E
A
B
L
E

P
A
R
T
S

.

N
O
T
E

:O
r
d
e
r

p
a
r
t
s

b
y

S
i
g
n
a
l

C
o
r
p
s

S
t
o
c
k

N
o

.,n
a
m
e

,a
n
d

d
e
s
c
r
i
p
t
i
o
n

.

a.W
i
n
d

E
q
u
i
p
m
e
n
t

S
C
M

-2
0

-A.

Q
u
a
n
t
i
t
y

i
n
E
q
u
i
p

.

S
i
g
n
a
l

C
o
r
p
s

S
t
o
c
k

N
o

.

N
a
m
e

ofP
a
r
t

a
n
d

D
e
s
c
r
i
p
t
i
o
n

F
u
n
c
t
i
o
n

D
r
a
w
i
n
g

M
f
r

. C
o
d
e

N
o

.

1
/7
A
2
0
2
3
A

W
i
n
d

T
r
a
n
s
m
i
t
t
e
r

M
L

-2
0
3

-A
A&B

T
r
a
n
s
m
i
t

w
i
n
d

s
p
e
e
d

a
n
d

d
i
r
e
c

t
i
o
n

to w
i
n
d

p
a
n
e
l

I
n
d
i
c
a
t
e

w
i
n
d

s
p
e
e
d

a
n
d

d
i
r
e
c
t
i
o
n

R
e
p
l
a
c
e
m
e
n
t

p
a
r
t
s

f
o
r

o
p
e
r
a
t
i
o
n
a
l

m
a
i
n
t
e
n
a
n
c
e

o
f
w
i
n
d

t
r
a
n
s
m
i
t
t
e
r

Supplementary Data

7
A
2
0
0
9

-2
0
4

-A
A&B A&B

W
i
n
d

P
a
n
e
l

M
L

-2
0
4

-A

S
e
t

o
f
s
p
a
r
e

p
a
r
t
s

,i
n
c
l
u
d
i
n
g

:

1c
u
p

r
o
t
o
r

1a
n
e
m
o
m
e
t
e
r

h
e
a
d

2r
e
s
i
s
t
o
r

a
s
s
e
m
b
l
i
e
s

1c
o
n
t
a
c
t

a
s
s
e
m
b
l
y

C
a
r
r
y
i
n
g

C
a
s
e

M
L

-2
0
7

-A

1
|7
A
1
7
4
3

-2
0
5

-A
S
u
p
p
o
r
t

M
L

-2
0
5

-A
A&B

P
a
c
k
i
n
g

c
a
s
e

f
o
r

w
i
n
d

t
r
a
n
s
m
i
t

t
e
r

,w
i
n
d

p
a
n
e
l

,a
n
d

s
p
a
r
e

p
a
r
t
s

M
a
s
t

s
u
p
p
o
r
t

f
o
r

W
i
n
d

T
r
a
n
s
m
i
t
t
e
r

M
L

-2
0
3

-A

El
ec

tr
ic

al
co
nn
ec
ti
on

b
e
t
w
e
e
n

s
u
p
p
o
r
t

a
n
d

w
i
n
d

p
a
n
e
l

1
B
1
1
0
B

W
i
r
e

W -1
1
0

- B,6
0
0

ft.

Par. 36



TM 11-429 Wind Equipment SCM -20 - A

b.W
i
n
d

E
q
u
i
p
m
e
n
t

A
N

/G
M
Q

-1

Par. 36

Q
u
a
n
t
i
t
y

inE
q
u
i
p

.

S
i
g
n
a
l

C
o
r
p
s

S
t
o
c
k

N
o

.

N
a
m
e

o
f
P
a
r
t

a
n
d

D
e
s
c
r
i
p
t
i
o
n

F
u
n
c
t
i
o
n

M
f
r

. C
o
d
e

D
r
a
w
i
n
g

N
o

.

1
|7
A
2
0
2
3
B

W
i
n
d

T
r
a
n
s
m
i
t
t
e
r

M
L

-2
0
3

-B
A

&
B

T
r
a
n
s
m
i
t

w
i
n
d

s
p
e
e
d

a
n
d

d
i
r
e
c
t
i
o
n

1
|7
A
2
0
0
9

-20
4

-B
|W
i
n
d

P
a
n
e
l

M
L

-2
0
4

-B
A

&
B

I
n
d
i
c
a
t
e

w
i
n
d

s
p
e
e
d

a
n
d

d
i
r
e
c
t
i
o
n

A&B
R
e
p
l
a
c
e
m
e
n
t

p
a
r
t
s

f
o
r

o
p
e
r
a
t
i
o
n
a
l

m
a
i
n
t
e
n
a
n
c
e

o
f
w
i
n
d

t
r
a
n
s
m
i
t
t
e
r

S
e
t

o
f
s
p
a
r
e

p
a
r
t
s

,i
n
c
l
u
d
i
n
g

:

1c
u
p

r
o
t
o
r

1a
n
e
m
o
m
e
t
e
r

h
e
a
d

2r
e
s
i
s
t
o
r

a
s
s
e
m
b
l
i
e
s

1c
o
n
t
a
c
t

a
s
s
e
m
b
l
y

Wind Equipment AN /GMQ-1

C
a
r
r
y
i
n
g

C
a
s
e

M
L

-2
0
7

-B
P
a
c
k
i
n
g

ca
se

f
o
r

w
i
n
d

t
r
a
n
s
m
i
t

t
e
r

,w
i
n
d

p
a
n
e
l

,a
n
d

s
p
a
r
e

p
a
r
t
s

1
7
4
1
7
4
3

-2
0
6

- A
|S
u
p
p
o
r
t

M
L

-2
0
6

-A
A

&B
M
a
s
t

s
u
p
p
o
r
t

f
o
r

W
i
n
d

T
r
a
n
s

m
i
t
t
e
r

M
L

-2
0
3

-B

1
1
B
1
1
0
B

W
i
r
e

W-1
1
0

-B,6
0
0

ft.
E
l
e
c
t
r
i
c
a
l

c
o
n
n
e
c
t
i
o
n

b
e
t
w
e
e
n

s
u
p
p
o
r
t

a
n
d

w
i
n
d

p
a
n
e
l

C
a
r
r
y
i
n
g

Ca
se
M
L

-2
0
8

-A
P
a
c
k
i
n
g

c
a
s
e

f
o
r

S
u
p
p
o
r
t M
L

-2
0
6

-A a
n
d

W
i
r
e

W-1
1
0

-B

boy



TM 11-429

C.W
i
n
d

T
r
a
n
s
m
i
t
t
e
r
s

M
L

-2
0
3

-Aa
n
d
M
L

-2
0
3

-B.

C
a
p

n
u
t

,pl
as

ti
c

S
e
c
u
r
e

c
u
p

r
o
t
o
r

toa
n
e
m
o
m
e
t
e
r

h
e
a
d

.

A&B
7
4

-5
8
2

R
o
t
a
t
e

w
i
t
h

t
h
e

w
i
n
d

.
A

&
B

7
4

-5
8
a

C
u
p

r
o
t
o
r

,c
o
n
s
i
s
t
i
n
g

o
f

3pl
as
ti
c

c
u
p
s

m
o
u
n
t
e
d

o
n

as
p
i
d
e
r

..

S
p
i
d
e
r

sp
ri

ng
,st
ee
l

,3-ar
m

t
y
p
e

H
o
l
d

c
u
p

r
o
t
o
r

d
o
w
n

.
7
0
2
7
6
€

S
p
i
d
e
r

g
a
s
k
e
t

,r
u
b
b
e
r

7
0
3
4
4
6

S
e
a
l

l
o
c
k
i
n
g

p
i
n

h
o
l
e
s

a
g
a
i
n
s
t

r
a
i
n

,e
t
c

.

|
A&

B
7
4

-5
8
a

T
r
a
n
s
f
e
r

c
u
p

r
o
t
o
r

m
o
t
i
o
n

tog
e
n

e
r
a
t
o
r

u
n
i
t

.

A
n
e
m
o
m
e
t
e
r

h
e
a
d

,c
o
n
s
i
s
t
i
n
g

o
f

:

1b
e
a
r
i
n
g

a
s
s
e
m
b
l
y

,c
o
m
p
l
e
t
e

in

p
h
e
n
o
l
i
c

h
o
u
s
i
n
g

w
h
i
c
h

c
o
n

t
a
i
n
s

s
m
a
l
l

r
a
d
i
a
l

b
e
a
r
i
n
g
s

, r
o
t
o
r

s
h
a
f
t

,r
e
t
a
i
n
i
n
g

n
u
t

w
i
t
h

c
o
u
p
l
i
n
g

N
o

.12-2
8
t
h
r
e
a
d

,

s
p
e
c
i
a
l

.

Sapplementary Data

1t
h
u
m
b

s
c
r
e
w

,fu
ll

-d
o
g

,s
t
a
i
n

l
e
s
s

st
ee
l

,N
o

.10-3
2

x1/2"

s
c
r
e
w

,l
e
n
g
t
h

,T
y
p
e

“P”.

S
e
c
u
r
e

a
n
e
m
o
m
e
t
e
r

h
e
a
d

toc
e
n
t
e
r

s
h
a
f
t

o
f
w
i
n
d

v
a
n
e

a
s
s
e
m
b
l
y

.

1g
e
n
e
r
a
t
o
r

u
n
i
t

h
o
u
s
i
n
g

p
h
e

n
o
l
i
c

,w
i
t
h

h
e
a
d

-l
o
c
a
t
i
n
g

p
i
n

.

H
o
u
s
e

g
e
n
e
r
a
t
o
r

un
it

.
7
0
1
7
6
6

Par. 36



TM 11-429 Wind Equipment SCM -20 - A
bo
y

C.W
i
n
d

Tr
an
sm
it
te
rs

M
L

-20
3

-Aan
d
M
L

-2
0
3

-B.

Par. 36

Q
u
a
n
t
i
t
y

inE
q
u
i
p

.

S
i
g
n
a
l

C
o
r
p
s

S
t
o
c
k

N
o

.

N
a
m
e

o
f
P
a
r
t

a
n
d

D
e
s
c
r
i
p
t
i
o
n

F
u
n
c
t
i
o
n

M
f
r

. C
o
d
e

D
r
a
w
i
n
g

N
o

.

1A&B
7
4

-5
8
a

1g
e
n
e
r
a
t
o
r

u
n
i
t

,c
o
n
s
i
s
t
i
n
g

o
f g
e
n
e
r
a
t
o
r

a
n
d

a
s
s
o
c
i
a
t
e
d

g
e
a
r

t
r
a
i
n

,m
o
u
n
t
e
d

o
n

a
n

a
l
u
m
n
i

n
u
m

m
o
u
n
t
i
n
g

p
l
a
t
e

.

G
e
n
e
r
a
t
e

av
o
l
t
a
g
e

p
r
o
p
o
r
t
i
o
n
a
l

tow
i
n
d

v
e
l
o
c
i
t
y

.

3s
c
r
e
w
s

,m
a
c
h
i
n
e

,fi
ll

is
te

r

h
e
a
d

,s
t
e
e
l

,N
o

.6-3
2

x15%".

A
&B

W
T

-2
9
0
0

C
e
n
t
r
a
l

s
h
a
f
t

a
s
s
e
m
b
l
y

,i
n
c
l
u
d
i
n
g

s
i
l
v
e
r

p
l
a
t
e
d

b
r
a
s
s

b
a
s
e

c
o
n
t
a
n
t

,

a
n
d

i
n
s
u
l
a
t
o
r

,

P
o
s
i
t
i
o
n

a
n
d

s
e
c
u
r
e

b
e
a
r
i
n
g

h
o
u
s

i
n
g

a
n
d

g
e
n
e
r
a
t
o
r

m
o
u
n
t
i
n
g

p
l
a
t
e

tog
e
n
e
r
a
t
o
r

u
n
i
t

h
o
u
s
i
n
g

. C
e
n
t
r
a
l

s
u
p
p
o
r
t

f
o
r

t
r
a
n
s
m
i
t
t
e
r

;

b
a
s
e

c
o
n
t
a
c
t

p
r
o
v
i
d
e
s

c
o
n
n
e
c

t
i
o
n

b
e
t
w
e
e
n

g
e
n
e
r
a
t
o
r

a
n
d

s
o
c
k
e
t

int
r
a
n
s
m
i
t
t
e
r

b
a
s
e

.

M
o
u
n
t
i
n
g

fo
r

v
a
n
e

b
e
a
r
i
n
g
s

,v
a
n
e

ta
il

a
n
d

c
o
u
n
t
e
r
b
a
l
a
n
c
e

.

S
p
a
c
e
r

fo
r

v
a
n
e

sh
el
l

b
e
a
r
i
n
g
s

.

S
e
p
a
r
a
t
o
r

b
e
t
w
e
e
n

v
a
n
c

s
h
e
l
l

s
p
a
c
e
r

a
n
d

b
e
a
r
i
n
g
s

.

Wind Equipment AN /GMQ-1

V
a
n
e

s
h
e
l
l

,a
l
u
m
i
n
u
m

.
|

A
&B

W
T

-30
86

-

S
p
a
c
e
r

,b
e
a
r
i
n
g

,lo
we

r
. Sh
ie
ld

,be
ar
in
g

,l
a
r
g
e

.

|A&B |A&B

W
T

-30
56

W
T

-3
0
4
0

A&B
W
T

-3
1
0
6

C
o
l
l
e
c
t
o
r

r
i
n
g

,u
p
p
e
r

,b
r
a
s
s

,si
lv
er

p
l
a
t
e
d

.

H
o
l
d

v
a
n
e

sh
el
l

a
s
s
e
m
b
l
y

o
n
c
e
n

t
r
a
l

s
h
a
f
t

,a
n
d

s
e
r
v
e

a
s
c
o
n
t
a
c
t

.

L
A

&B
7
0
2
9
4
0

R
a
i
n

sh
ie
ld

,m
o
l
d
e
d

ba
ke
li
te

w
i
t
h

n
a
m
e
p
l
a
t
e

.

|P
r
e
v
e
n
t

m
o
i
s
t
u
r
e

e
n
t
e
r
i
n
g

w
i
n
d

v
a
n
e

b
e
a
r
i
n
g

a
s
s
e
m
b
l
y

.

-



TM 11-429

A &B
W
T

-3
0
1
6

L
A

&B
W
T

-3
1
2
b

|A&B
W
T

-3
2
7
6

S
c
r
e
w

m
a
c
h
i
n
e

o
v
a
l

h
e
a
d

,b
r
a
s
s

,F
a
s
t
e
n

r
a
i
n

s
h
i
e
l
d

to c
e
n
t
e
r

s
h
a
f
t

z
i
n
c

p
l
a
t
e

, b
l
a
c
k

o
x
i
d
i
z
e
d

; o
f
w
i
n
d

v
a
n
e

a
s
s
e
m
b
l
y

.
N
o

.6- 3
2

x 14".

C
o
n
t
a
c
t

a
s
s
e
m
b
l
y

, c
o
n
s
i
s
t
i
n
g

o
f

4| T
r
a
n
s
l
a
t
e

w
i
n
d

v
a
n
e

m
o
v
e
m
e
n
t

c
o
n
t
a
c
t
s

m
o
u
n
t
e
d

on ap
h
e
n
o
l
i
c

to r
e
s
i
s
t
o
r

a
s
s
e
m
b
l
y

.

p
l
a
t
e

.

S
c
r
e
w

,m
a
c
h
i
n
e

, b
i
n
d
i
n
g

h
e
a
d

, F
a
s
t
e
n

c
o
n
t
a
c
t

a
s
s
e
m
b
l
y

to v
a
n
e

s
t
a
i
n
l
e
s
s

s
t
e
e
l

;N
o

.4 -4
0

x 3
8

" .s
h
i
e
l
d

.

R
e
s
i
s
t
o
r

a
s
s
e
m
b
l
y

, co
ns
is
ts

o
f
w
i
r
e

V
a
r
i
a
b
l
e

r
e
s
i
s
t
a
n
c
e

e
l
e
m
e
n
t

f
o
r

w
o
u
n
d

r
e
s
i
s
t
o
r

a
n
d

c
o
l
l
e
c
t
o
r

w
i
n
d

d
i
r
e
c
t
i
o
n

ci
rc
ui
t

.
r
i
n
g

o
n

4-p
r
o
n
g

b
a
s
e

p
l
u
g

.

S
c
r
e
w

,m
a
c
h
i
n
e

,fi
ll

is
te

r
h
e
a
d

, F
a
s
t
e
n

re
si
st
or

a
s
s
e
m
b
l
y

to b
a
s
e

.
b
r
a
s
s

; N
o

. 4-4
0

x7
8

".

O
u
t
e
r

sh
ie
ld

, w
i
t
h

c
o
v
e
r

, s
t
e
e
l

,| P
r
o
t
e
c
t

r
h
e
o
s
t
a
t

e
l
e
m
e
n
t

f
r
o
m

m
o
u
n
t
e
d

o
n
v
a
n
e

s
h
e
l
l

.
w
e
a
t
h
e
r

.

|
A&

B
W
T

-3
3
4
6

|A &B
7
0
3
3
6
€

• Supplementary Data

|A&B

fr
om

|A
&

B
I
n
n
e
r

sh
ie
ld

,w
i
t
h

c
o
v
e
r

,st
ee
l

,

m
o
u
n
t
e
d

o
n
t
r
a
n
s
m
i
t
t
e
r

b
a
s
e

.

P
r
o
t
e
c
t

r
h
e
o
s
t
a
t

e
l
e
m
e
n
t

w
e
a
t
h
e
r

.

W
T

-3
3
0
6

( s
h
i
e
l
d

)

W
T

-3
3
6
0

(c
o
v
e
r

)

W
T

-3
3
2
6

( s
h
i
e
l
d

)

W
T

-3
6
5
6

(c
o
v
e
r

)

W
T

-3
2
8
6

|A&B
| S
e
c
u
r
e

i
n
n
e
r

a
n
d

o
u
t
e
r

s
h
i
e
l
d
s

a
n
d

c
o
v
e
r
s

.

S
c
r
e
w

,m
a
c
h
i
n
e

,b
i
n
d
i
n
g

h
e
a
d

,

s
t
a
i
n
l
e
s
s

st
ee

l
(b
l
a
c
k

) ;N
o

.4-4
0

x14 ".

B
e
a
r
i
n
g

, r
a
d
i
a
l

;N
o

.5
8

-R,34"

b
o
r
e

,15 /8"O
D

,b
y

5/ 16"w
i
d
e

.

L
D

:
S
8

-R
P
r
o
v
i
d
e

b
e
a
r
i
n
g

s
u
r
f
a
c
e

f
o
r

r
o
t
a

ti
on

o
f
w
i
n
d

v
a
n
e

s
h
e
l
l

.

Par. 36



TM 11-429 Wind Equipment SCM -20 - A
c.W
i
n
d

T
r
a
n
s
m
i
t
t
e
r
s

M
L

-2
0
3

-Aa
n
d
M
L

-2
0
3

-B.
Par. 36

Q
u
a
n
t
i
t
y

inE
q
u
i
p

.

F
u
n
c
t
i
o
n

S
i
g
n
a
l

C
o
r
p
s

S
t
o
c
k

N
o

.

N
a
m
e

o
f

P
a
r
t

a
n
d

D
e
s
c
r
i
p
t
i
o
n

M
f
r

. C
o
d
e

D
r
a
w
i
n
g

N
o

.

W
T

-3
1
1
6

1
A&B

P
o
s
i
t
i
o
n

c
o
l
l
a
r

-co
ll
ec
to
r

r
i
n
g

s
e

-

c
u
r
e
l
y

t
o
c
e
n
t
r
a
l

s
h
a
f
t

.

R
e
s
p
o
n
d

toc
h
a
n
g
e

inw
i
n
d

d
i
r
e
c
t
i
o
n

.

A&B
W
T

-2
0
4
6

S
e
t

s
c
r
e
w

h
e
a
d
l
e
s
s

, c
o
n
e

p
o
i
n
t

,

s
t
a
i
n
l
e
s
s

s
t
e
e
l

;N
o

.6-3
2

x7/3
2

".

V
a
n
e

t
a
i
l

a
s
s
e
m
b
l
y

c
o
n
s
i
s
t
i
n
g

o
f v
a
n
e

t
a
i
l

w
i
t
h

l
o
c
k
n
u
t

f
o
r

m
o
u
n
t
i
n
g

t
a
i
l

tov
a
n
e

s
h
e
l
l

.

C
o
u
n
t
e
r
b
a
l
a
n
c
e

a
s
s
e
m
b
l
y

,w
i
t
h

a
d j
u
s
t
a
b
l
e

w
e
i
g
h
t

a
n
d

lo
ck

n
u
t

f
o
r

m
o
u
n
t
i
n
g

tov
a
n
e

s
h
e
l
l

.

C
l
a
m
p

n
u
t

,s
p
e
c
i
a
l

,b
r
a
s
s

,b
l
a
c
k

o
x
i
d
i
z
e
d

.

|
A&B

W
T

-2
0
5
6

N
o
s
e

o
f
w
i
n
d

v
a
n
e

a
n
d

c
o
u
n
t
e
r

b
a
l
a
n
c
e

o
f
v
a
n
e

t
a
i
l

.

S
e
c
u
r
e

w
i
n
d

t
r
a
n
s
m
i
t
t
e
r

tom
a
s
t

s
u
p
p
o
r
t

.

A&B
W
T

-3
4
7
6

Wind Equipment AN /GMQ- 1

A&B
W
T

-2
9
8
6

T
r
a
n
s
m
i
t
t
e
r

b
a
s
e

c
o
n
t
a
c
t

,b
r
a
s
s

,

s
i
l
v
e
r

p
l
a
t
e
d

.

I
n
s
u
l
a
t
o
r

,l
o
w
e
r

,p
h
e
n
o
l
i
c

.
A&B

W
T

-2
9
7
0

E
l
e
c
t
r
i
c
a
l

c
o
n
t
a
c
t

b
e
t
w
e
e
n

g
e
n
e
r
a

t
o
r

a
n
d

s
o
c
k
e
t

int
r
a
n
s
m
i
t
t
e
r

b
a
s
e

.

I
n
s
u
l
a
t
e

t
r
a
n
s
m
i
t
t
e
r

b
a
s
e

c
o
n
t
a
c
t

f
r
o
m

c
e
n
t
e
r

s
h
a
f
t

.

L
o
c
k

t
r
a
n
s
m
i
t
t
e
r

b
a
s
e

,a
f
t
e
r

s
c
r
e
w

i
n
g

,toc
e
n
t
e
r

s
h
a
f
t

.

E
l
e
c
t
r
i
c
a
l

c
o
n
t
a
c
t

b
e
t
w
e
e
n

w
i
n
d

t
r
a
n
s
m
i
t
t
e
r

a
n
d

m
a
s
t

s
u
p
p
o
r
t

. |M
o
u
n
t

l
o
c
t
a
l

s
o
c
k
e
t

tot
r
a
n
s
m
i
t
t
e
r

b
a
s
e

.

A&B
W
T

-32
36

E
1

S
e
t
s
c
r
e
w

,h
e
a
d
l
e
s
s

,f
u
l
l

-d
o
g

,s
t
e
e
l

;

N
o

.1
0

- 3
2

x9 /16".

S
o
c
k
e
t

,lo
ct
al

t
y
p
e

;N
o

.88-8
X

,

w
i
t
h

1
5

/16 "m
o
u
n
t
i
n
g

c
e
n
t
e
r
s

. S
c
r
e
w

,s
p
e
c
i
a
l

,fi
ll

is
te

r
h
e
a
d

,

b
r
a
s
s

;N
o

.6-3
2

x3
6

".

C
a
t

.N
o

.6
5

A&B
W
T

-3
5
8
6

§



TM 11-429

d.W
i
n
d

P
a
n
e
l
s

M
L

-2
0
4

-Aa
n
d

M
L

-2
0
4

-B.

M
e
a
s
u
r
e

c
u
r
r
e
n
t

f
r
o
m

w
i
n
d

t
r
a
n
s

m
i
t
t
e
r

g
e
n
e
r
a
t
o
r

.

W
i
n
d

s
p
e
e
d

i
n
s
t
r
u
m
e
n
t

,m
o
d
e
l

N
o

.3
0
1

m
i
l
l
i
a
m
m
e
t
e
r

,r
e
c
t
i
f
i
e
r

t
y
p
e

,l-i
n
a

r
a
n
g
e

,c
a
l
i
b
r
a
t
e
d

w
i
t
h

d
o
u
b
l
e

-r
a
n
g
e

m
p
h

s
c
a
l
e

.

N
o

,3
0
1

w
i
t
h

m
o
d

.s
c
a
l
e

7
4

-5
8
8 W
E
P

-1
3
1
b

R
e
s
i
s
t
o
r

,c
a
l
i
b
r
a
t
i
n
g

,n
o
n

-i
n
d
u
c

t
i
v
e

,f
i
x
e
d

r
e
s
i
s
t
a
n
c
e

;v
a
l
u
e

,

4
1

,3
0
0

o
h
i
n
s

.

R
e
s
i
s
t
a
n
c
e

f
o
r

w
i
n
d

s
p
e
e
d

i
n
s
t
r
u

m
e
n
t

.

G
W
E
P

-1
3
0
b

R
e
s
i
s
t
o
r

,c
a
l
i
b
r
a
t
i
n
g

,n
o
n

-i
n
d
u
c

t
i
v
e

,f
i
x
e
d

r
e
s
i
s
t
a
n
c
e

;v
a
l
u
e

,

9,7
0
0

o
h
m
s

.

R
e
s
i
s
t
a
n
c
e

f
o
r

w
i
n
d

s
p
e
e
d

i
n
s
t
r
u

m
e
n
t

.

Supplementary Data

S
c
r
e
w

a
s
s
e
m
b
l
y

;N
o

.4-40x1/4",

s
t
e
e
l

,p
e
n
t
r
a
t
e
d

.

M
o
u
n
t

c
a
l
i
b
r
a
t
i
n
g

r
e
s
i
s
t
o
r
s

o
n

p
a
n
e
l

.

|I
n
d
i
c
a
t
e

po
si
ti
on

o
f
w
i
n
d

v
a
n
e

.
1

H
W
i
n
d

d
i
r
e
c
t
i
o
n

i
n
s
t
r
u
m
e
n
t

, 3",

d- cs
e
l
f

-s
y
n
c
h
r
o
n
o
u
s

r
e
p
e
a
t
e
r

,

w
i
t
h

s
p
e
c
i
a
l

s
c
a
l
e

.

S
p
e
c
i
a
l

s
c
a
l
e

7
4

-5
8
8

S
c
r
e
w

a
s
s
e
m
b
l
y

,N
o

.4-4
0

x1
2

",

st
ee

l
,p
e
n
t
r
a
t
e
d

.

M
o
u
n
t

w
i
n
d

s
p
e
e
d

a
n
d

w
i
n
d

d
i

r
e
c
t
i
o
n

i
n
s
t
r
u
m
e
n
t
s

top
a
n
e
l

.

Cl
os

ur
es

fo
r

pa
ne

l
.

F
a
s
t
e
n
e
r

w
i
t
h

s
p
r
i
n
g

a
n
d

g
r
o
m

m
e
t

.

A
J
W
3

-3
5

S
3

-1
5
0

G
A
3

-1
7
5

S
p
r
i
n
g

b
r
a
c
k
e
t

,s
p
e
c
i
a
l

.
F
o
r

p
a
n
e
l

f
a
s
t
e
n
e
r
s

.
A&B

W
E
P

-1
2
2
b

Par. 36



TM 11-429 Wind Equipment SCM -20 - A
d.W
i
n
d

P
a
n
e
l
s

M
L

-2
0
4

-Aa
n
d
M
L

-2
0
4

-B.
Par. 36

Q
u
a
n
t
i
t
y

|S
i
g
n
a
l

C
o
r
p
s

inE
q
u
i
p

.S
l
o
c
k

N
o

.

N
a
m
e

o
f
P
a
r
t

a
n
d

D
e
s
c
r
i
p
t
i
o
n

F
u
n
c
t
i
o
n

M
f
r

. C
o
d
e

D
r
a
w
i
n
g

N
o

.

F
o
r

a
t
t
a
c
h
i
n
g

p
h
e
n
o
l
i
c

p
a
n
e
l

to

w
o
o
d
e
n

c
a
s
e

.

H
i
n
g
e

,n
a
r
r
o
w

b
u
t
t

,m
o
d
i
f
i
e
d

, w
r
o
u
g
h
t

s
t
e
e
l

;1/4"x1
3
8

"x

1/ 1
6

" .

S
w
i
t
c
h

,t
o
g
g
l
e

,s
p
r
i
n
g

r
e
t
u
r
n

;3

a
m
p

,2
5
0

v
o
l
t

,w
i
t
h

s
o
l
d
e
r

l
u
g
s

, a
n
d

2h
e
x

l
o
c
k
n
u
t
s

1/16"t
h
i
c
k

.

|C
a
t

.N
o

.8
0
0 m
o
d

.W
E
P

-3
3
0

3
3
6

C
a
t

.N
o

.2
0
9
9
2

K

W
i
r
e

h
a
r
n
e
s
s

,w
i
t
h

t
e
r
m
i
n
a
l

l
u
g
s

.
A

&B
N
o

.D-8
1
1
2

W
E
P

-6
0
0

O
n
e

tom
a
k
e

ci
rc
ui
t

a
t
w
i
n
d

d
i
r
e
c

ti
on

i
n
s
t
r
u
m
e
n
t

;o
n
e

toc
o
n
t
r
o
l

4
4

,3
0
0

-o
h
m

c
a
l
i
b
r
a
t
i
n
g

r
e
s
i
s
t
o
r

o
f
w
i
n
d

s
p
e
e
d

i
n
s
t
r
u
m
e
n
t

.

C
o
n
n
e
c
t

b
i
n
d
i
n
g

p
o
s
t
s

a
n
d

b
a
t
t
e
r

i
e
s

tow
i
n
d

s
p
e
e
d

a
n
d

d
i
r
e
c
t
i
o
n

i
n
s
t
r
u
m
e
n
t
s

.

|3fo
r

c
o
n
n
e
c
t
i
n
g

w
i
r
e

h
a
r
n
e
s
s

to

w
i
n
d

d
i
r
e
c
t
i
o
n

i
n
s
t
r
u
m
e
n
t

;1

f
r
o
m

w
i
r
e

h
a
r
n
e
s
s

tow
i
n
d

s
p
e
e
d

i
n
s
t
r
u
m
e
n
t

;1f
r
o
m

w
i
r
e

c
o
n
n
e
c
t
i
n
g

c
a
l
i
b
r
a
t
i
n
g

r
e
s
i
s
t
o
r
s

tow
i
n
d

s
p
e
e
d

i
n
s
t
r
u
m
e
n
t

.

A
t
t
a
c
h

tob
i
n
d
i
n
g

po
st

s
ont
e
r

m
i
n
a
l

b
o
a
r
d

,c
o
n
n
e
c
t
s

w
i
r
e
s

to

i
n
s
t
r
u
m
e
n
t
s

.

R
e
c
e
i
v
e

l
e
a
d
s

f
r
o
m

m
a
s
t

s
u
p
p
o
r
t

.

Wind Equipment AN /GMQ-1

T
e
r
m
i
n
a
l

l
u
g

,B
u
r
n
d
y

,H
y
l
u
g

“Y
a
v
i
a

" 14-T
2

.

C
a
t

.N
o

.1
0

W
E
P

-1
3
2
b

L
N
o

.1
T
e
r
m
i
n
a
l

l
u
g

N
o

.1,w
i
t
h

h
o
l
e

f
o
r

N
o

.8s
c
r
e
w

,b
r
a
s
s

,t
i
n
n
e
d

,c
o
r
d

t
y
p
e

,5
8

".

T
e
r
m
i
n
a
l

b
o
a
r
d

a
s
s
e
m
b
l
y

.

Bi
nd

in
g

po
st

,co
mp
le

te
.

|
A&B



TM 11-429

A&B
W
E
P

-2
1
h

|A&B

B
a
t
t
e
r
y

b
l
o
c
k

a
s
s
e
m
b
l
y

,t
h
e
r
m
o

-|R
a
c
k

f
o
r

b
a
t
t
e
r
i
e
s

.

s
e
t
t
i
n
g

pl
as
ti
c

.

C
o
n
t
a
c
t

,c
o
m
p
l
e
t
e

,b
r
a
s
s

.
P
r
o
v
i
d
e

co
nt
ac
t

fr
om

b
a
t
t
e
r
y

to

b
i
n
d
i
n
g

p
o
s
t

.

B
a
t
t
e
r
y

B
A

-30.
F
u
r
n
i
s
h

c
u
r
r
e
n
t

f
o
r

w
i
n
d

d
i
r
e
c

t
i
o
n

c
i
r
c
u
i
t

.

3
A
3
0

e.S
u
p
p
o
r
t

M
L

-2
0
5

-A.

7
4

-5
8
9

Supplementary Data

7
4

-5
8
0

M
a
s
t

b
a
s
e

a
s
s
e
m
b
l
y

, s
t
e
e
l

,c
o
n
s
i
s
t

i
n
g

o
f

ab
a
s
e

p
l
a
t
e

,as
w
i
v
e
l

b
r
a
c
k
e
t

a
n
d

c
l
a
m
p

s
c
r
e
w

d
e
v
i
c
e

.

R
o
o
f

b
r
a
c
k
e
t

,s
t
e
e
l

.

L
a
g

sc
re
w

,st
ee
l

b
o
n
d
e
r
i
z
e
d

;13"

d
i
a
m

.x19
72

"l
o
n
g

,g
i
m
l
e
t

p
o
i
n
t

. M
a
s
t

s
e
c
t
i
o
n

,l
o
w
e
r

1/2"s
t
a
n
d
a
r
d

st
ee
l

p
i
p
e

,w
i
t
h

h
a
n
d
l
e
s

a
n
d

s
t
e
p
s

.

7
4

-5
8
a

F
a
s
t
e
n
i
n
g

m
a
s
t

b
a
s
e

a
n
d

r
o
o
f

b
r
a
c
k
e
t
s

tow
o
o
d

.

7
4

-5
8
a

7
4

-5
8

*
M
a
s
t

s
e
c
t
i
o
n

,u
p
p
e
r

, 1/2"s
t
a
n
d
a
r
d

s
t
e
e
l

p
i
p
e

, w
i
t
h

s
t
e
p
s

,s
t
e
e
l

t
e
r

m
i
n
a
l

b
o
x

,a
n
d

4- l
u
g

g
u
y

r
i
n
g

.

Par. 36

-
43



TM 11-429 Wind Equipment SCM - 20 - A

e.S
u
p
p
o
r
t

M
L

-2
0
5

-A.

Par. 36

S
i
g
n
a
l

C
o
r
p
s

S
t
o
c
k

N
o

.

|
N
a
m
e

o
f

P
a
r
t

a
n
d

D
e
s
c
r
i
p
t
i
o
n

F
u
n
c
t
i
o
n

M
f
r

. C
o
d
e

D
r
a
w
i
n
g

N
o

.

|
A&

B
W
E
M

-7
6
0

P
l
u
g

,b
l
a
c
k

p
h
e
n
o
l
i
c

,s
p
e
c
i
a
l

6

p
r
o
n
g

,b
r
a
s
s

,l
o
c
a
t
e
d

int
o
p

o
f

u
p
p
e
r

m
a
s
t

s
e
c
t
i
o
n

.

P
r
o
v
i
d
e

c
o
n
n
e
c
t
i
o
n

tolo
ct
al

s
o
c
k
e
t

o
f

t
r
a
n
s
m
i
t
t
e
r

.

T
e
r
m
i
n
a
l

b
o
a
r
d

a
s
s
e
m
b
l
y

.
|

A
&

B
F
o
r

t
e
r
m
i
n
a
l

b
o
x

onu
p
p
e
r

m
a
s
t

s
e
c
t
i
o
n

.

F
o
r

t
e
r
m
i
n
a
l

b
o
x

.

C
o
n
n
e
c
t

6-p
r
o
n
g

p
l
u
g

tot
e
r
m
i
n
a
l

b
o
x

.

A&B 1A&B
W
E
M

-7
5
0

B
i
n
d
i
n
g

p
o
s
t

,"S
e
r
g
e
a
n
t

".

W
i
r
e

h
a
r
n
e
s
s

,c
o
n
s
i
s
t
i
n
g

o
f

6|

w
i
r
e
s

w
i
t
h

t
e
r
m
i
n
a
l

l
u
g
s

a
t
o
n
e

e
n
d

,t
i
n
n
e
d

a
t

t
h
e

o
t
h
e
r

.

T
e
r
m
i
n
a
l

l
u
g

;N
o

.1,w
i
t
h

N
o

.8

h
o
l
e

,t
i
n
n
e
d

,b
r
a
s
s

,c
o
r
d

t
y
p
e

,

Wind Equipment AN /GMQ-1

F
o
r

w
i
r
e

h
a
r
n
e
s
s

.

58".

6
L
6
8
3
2

-6.1
8

S
c
r
e
w

,m
a
c
h
i
n
e

,r
o
u
n
d

h
e
a
d

,st
ee
l

,

b
o
n
d
e
r
i
z
e
d

N
o

.8-32x3
8

".

P
i
p
e

c
a
p

,f
o
r

u
p
p
e
r

m
a
s
t

s
e
c
t
i
o
n

.

G
u
y

w
i
r
e

a
s
s
e
m
b
l
y

,c
o
n
s
i
s
t
i
n
g

o
f

w
i
r
e

r
o
p
e

c
o
m
p
l
e
t
e

w
i
t
h

s
o
c
k
e
t

.

E
y
e
b
o
l
t

,g
a
l
v
a
n
i
z
e
d

s
t
e
e
l

;1/2"

d
i
a
m

.1
3

t
h
d

x6"o
f
t
h
r
e
a
d
e
d

l
e
n
g
t
h

,s
t
a
n
d
a
r
d

.

F
o
r

m
o
u
n
t
i
n
g

t
e
r
m
i
n
a
l

b
o
a
r
d

in

t
e
r
m
i
n
a
l

b
o
x

.

Pr
ot
ec
t

6-p
r
o
n
g

p
l
u
g

.

L
a
t
e
r
a
l

b
r
a
c
i
n
g

fo
r

m
a
s
t

s
u
p
p
o
r
t

.

7
4

-5
8
9

A
t
t
a
c
h

w
i
r
e

r
o
p
e

tob
r
a
c
k
e
t

o
r

g
r
o
u
n
d

s
t
a
k
e

.

Q
u
a
n
t
i
t
y

inE
q
u
i
p

.

4



TM 11 -429

F
o
r

e
y
e
b
o
l
t

.
H
a
n
d

n
u
t

,c
a
s
t

ir
on

,11"I
D

13t
h
d

.

S
w
i
v
e
l

r
o
d

,s
t
e
e
l

.
F
o
r

e
y
e
b
o
l
t

,top
r
e
v
e
n
t

h
a
n
d

n
u
t

l
o
o
s
e
n
i
n
g

.

C
l
a
m
p

w
i
r
e

r
o
p
e

f
a
s
t
e
n
e
d

toey
e

-| .

b
o
l
t

.

N
G
u
y

c
l
a
m
p

,“S
a
f
e

-L
i
n
e

”,d
r
o
p

f
o
r
g
e

fi
ni
sh

,c
a
d
m
i
u
m

p
l
a
t
e
d

,

f
o
r

3/16 "d
i
a
m

.w
i
r
e

r
o
p
e

.

f. S
u
p
p
o
r
t

M
L

-2
0
6

-A.S
a
m
e

p
a
r
t
s

a
s

in ea
b
o
v
e

,w
i
t
h

t
h
e

e
x
c
e
p
t
i
o
n

o
f

t
h
e

m
a
s
t

s
e
c
t
i
o
n

,a
n
d

ina
d
d
i
t
i
o
n

,t
h
e

f
o
l
l
o
w
i
n
g

:

Supplementary Data

7
4

-5
8
a

7
4

-5
8
a

M
a
s
t

s
e
c
t
i
o
n

,l
o
w
e
r

;1
7

"s
t
a
n

d
a
r
d

st
ee
l

p
i
p
e

,w
i
t
h

h
a
n
d
l
e
s

.

(N
o

s
t
e
p
s

.)

M
a
s
t

s
e
c
t
i
o
n

,m
i
d
d
l
e

;1/2"s
t
a
n

d
a
r
d

s
t
e
e
l

p
i
p
e

.(N
o

s
t
e
p
s

.)

M
a
s
t

s
e
c
t
i
o
n

,u
p
p
e
r

,1/2"s
t
a
n
d
a
r
d

st
ee
l

p
i
p
e

,w
i
t
h

st
ee
l

t
e
r
m
i
n
a
l

b
o
x

a
n
d

4-l
u
g

g
u
y

r
i
n
g

.(N
o

s
t
e
p
s

.)

G
r
o
u
n
d

s
t
a
k
e
s

,st
ee
l

,b
o
n
d
e
r
i
z
e
d

,

s
p
e
c
i
a
l

.

7
1

-5
8
0

Par. 36



TM 11-429 Wind Equipment SCM -20 -A
f.S
u
p
p
o
r
t

M
L

-2
0
6

-A.S
a
m
e

p
a
r
t
s

asinea
b
o
v
e

,w
i
t
h

t
h
e

e
x
c
e
p
t
i
o
n

o
f

t
h
e

m
a
s
t

s
e
c
t
i
o
n

,a
n
d

ina
d
d
i
t
i
o
n

,t
h
e

f
o
l
l
o
w
i
n
g

:
Par. 36

Q
u
a
n
t
i
t
y

i
n
E
q
u
i
p

.

S
i
g
n
a
l

C
o
r
p
s

S
t
o
c
k

N
o

.

N
a
m
e

o
f

P
a
r
t

a
n
d

D
e
s
c
r
i
p
t
i
o
n

F
u
n
c
t
i
o
n

M
f
r

. C
o
d
e

D
r
a
w
i
n
g

N
o

.

D
r
i
v
i
n
g

c
a
p

,m
a
l
l
e
a
b
l
e

i
r
o
n

,c
e
r

t
i
f
i
e
d

;w
e
i
g
h
t

f
o
r

p
o
s
t

N
o

.3o
r

3
1

/2,2/4lb.

U
s
e
d

fo
r

p
r
o
t
e
c
t
i
o
n

ofg
r
o
u
n
d

s
t
a
k
e

w
h
i
l
e

b
e
i
n
g

d
r
i
v
e
n

.

2
A
3
3
0
2

S
t
a
k
e

G
P

-2.
F
a
s
t
e
n

m
a
s
t

b
a
s
e

tog
r
o
u
n
d

.

aS
i
g
n
a
l

C
o
r
p
s

s
p
e
c
i
f
i
c
a
t
i
o
n

.

bL
i
o
n
e
l

C
o
r
p

.d
r
a
w
i
n
g

.

cS
a
n
g
a
m
o

E
l
e
c

.C
o

.d
r
a
w
i
n
g

.

Wind Equipment AN /GMQ-1

*



TM 11-429

Par. 37Supplementary Data

37 . LIST OF MANUFACTURERS.

Code Manufacturer Address

A Sangamo Electric Co.. . . . . . . . . . . . Springfield , Ill.

B Lionel Corp. . . . . . . . . . . . . . . . .Irvington, N . J .

C Parker-Kalon Corp.. . . . . . . . . . . . . . . New York, N . Y .

D Federal Bearing Co., Inc. . . . . . Poughkeepsie, N . Y .

E American Phenolic Corp.. . . . . . . . . . . . . Chicago , Ill.

F Weston Instrument Co. . . . . . . . .Newark , N . J.

G Instrument Resistors Co.. . . .. . . . Little Falls, N . J .

H The Rubicon Co.. . . . . . . . . . . . . . Philadelphia, Pa .

I Dzus Fastener Co., Inc. . . . . . . . . . . . . . .Brooklyn, N . Y .

I The Stanley Works. . . . . .. . . . . . . .New Britain , Conn.

K Arrow -Hart & Hegeman . . . . . . . . . . . .Hartford , Conn .

L American Radio Hardware Co., Inc.. . . . . . . . . . . .New York, N . Y .

M Kerby Saunders, Inc.. .. .New York, N . Y .

N National Products Co.. .. . . . . . . . .. . . . . . . . . . . . .. .Detroit, Mich .

O Sweets Steel Co.. . . . . . . . . . . . . . . . . . . . . . . . . . . . Williamsport, Pa.

.
.

.
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SECTION I

FUNCTION AND DESCRIPTION

Paragraph
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11
1

•

1. Use. – Storage batteries are used by the Signal Corps both in

fixed locations, such as common battery telephone exchanges, and as

portable sources of moderate amounts of power for the operation of

electrical signal communication equipment. Since the voltage deliv

ered by the usual type of storage battery is low , storage -battery

driven dynamotors are extensively used to obtain the high voltages
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required for the operation of radio transmitters and receivers. In

many motor vehicle radio installations the storage battery used is

the same one used in operation of the vehicle . In these cases the

battery is supplied and maintained by the arm or service responsible

for procurement and maintenance of the vehicle. (See par. 3,

AR 850– 15 .) In addition to the Signal Corps portable batteries

described in section V , commercial type motor vehicle batteries are

used in some field signal communication equipment. These batteries

are described in TM 10 –580.

2 . Description and definitions. — A storage battery consists of

one or more storage cells which are a special form of voltaic cell. A

voltaic cell is a device in which chemical energy is converted into

electrical energy when the terminals are connected to a closed elec

trical circuit. Such cells are classified as primary cells or secondary

cells. The primary cell, of which the most common type is the “dry

cell,” is characterized by the fact that the materials of which it is

composed are consumed in the production of electrical energy and

must be replaced in part or entirely as the process continues. The

secondary cell is the type to which the storage cell belongs, and is

characterized by the fact that the conversion of chemical to electrical

energy is a reversible process. Before describing the storage cell

further, it is desirable to define a number of terms which will be

used with reference to it.

: a . Electrodes. - Metals or metallic compounds which are placed in

the cell and connected to its two terminals . The materials of which

the electrodes are composed must be different. They are usually

constructed in the form of plates or groups of plates.

b . Electrolyte. - Solution which conducts electric current. It is

placed in a cell so that it covers both electrodes. Depending upon

the nature of the cell, the electrolyte may or may not take part in

the chemical action which occurs at the electrodes.

c. Under load . - Term used to describe the condition when a storage

cell or battery is delivering current to an external circuit. This

condition is also expressed by the term " closed -circuit."

d . Open -circuit. - Term which means that the battery is discon

nected from an external electrical circuit and is delivering no current.

e . Terminal voltage. - Voltage or difference of potential as meas

ured by voltmeters connected between the terminals of a storage

cell or battery. This is called closed - circuit or load voltage when

the battery is delivering current and open -circuit voltage when the

battery is not delivering current to an external circuit. The minute

current drawn by the voltmeter itself is neglected. The voltage
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which is obtained from a cell depends upon the materials of which

its electrodes and electrolyte are made and upon the concentration

of the electrolyte .

3 . Chemical action . — There are two varieties of storage cells

which may be encountered in connection with signal communication :

the lead-lead -acid cell, sometimes called the lead accumulator; and

the nickle - iron -alkali cell or Edison cell. The two -cell portable

battery BB -29 ( fig . 1) is an example of the lead type.

C
O
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R
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T
S

TL - 884

FIGURE 1. – Battery BB - 29.

a . Lead-lead -acid cell. — In the lead -lead -acid cell the materials are

as follows: The positive electrode is made of a chocolate-brown

colored lead peroxide. The negative electrode is made of graymetallic

lead in finely divided form commonly called spongy lead. The elec

trolyte is a solution of sulphuric acid in water. The open -circuit ter

minal voltage of this cell when fully charged is approximately 2.2

volts and when discharged is about 1.75 volts. When the cell is
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delivering current to an external circuit, that is, when it is discharging

electrical energy , the chemical actionsmaybe summarized as follows :

Pb02 Pb

Lead peroxide (positive plate) plus non
pus spongy lead negal

lood (negative plate

I 2H2SO , W
sulphuric acid (electrolyte)

is converted to :

Pbso , watele PbSO4 montitulo
Lead sulphate (positive plate) " lead sulphate (negative

12H2O

Iwater (electrolyte)

Note this action removes acid from the electrolyte, lowering its specific

gravity (see par. 6 ) and that both plates become converted in part to

the same substance, lead sulphate , thus reducing the voltage delivered

by the cell. The process may be reversed by connecting to the cell

through suitable resistance an external source of d - c electrical power

ofhigher voltage than that of the cell, connecting the positive terminal

of the external source to the positive terminal of the battery or cell

and the negative terminal of the external source to the negative ter

minal of the battery or cell. This causes an electric current to flow

through the cell in the opposite direction to that in which current flows

when the cell is discharging (see par. 16 ) . This process is called

charging and results in converting electrical energy into chemical

energy. The chemical processes on charging may be summarized as

follows:

Pbso . Mn.. wataillos PbSOA

Lead sulphate (positive plate)}plus(lead sulphate (negative plate)}plus

(2H ,0
(water

(from electrolyte )

is converted to :

Pb02 PbLead peroxide (positive plate) }pluste) }plus (spongy lead(negative plate) }plus

Į 2H2SO.
(sulphuric acid (electrolyte)

Note that this action restores acid to the electroylte, thus increasing

its specific gravity, and that the plates are reconverted to the original

materials. Upon completion of charging, the battery or cell is again

ready to deliver current to an external circuit by conversion of chem

ical energy into electrical energy. During both the discharging and

the charging processes some of the water in the electroylte is decom

posed into its elements, hydrogen and oxygen ,both of which are gases.

These gases bubble from the solution . This bubbling ismuch greater
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in quantity during charging than during discharging. A mixture of

hydrogen and oxygen gases is highly explosive. For this reason a

battery charging room must always be well ventilated and all flames

must be kept out of it. Distilled water must be added occasionally to

replace that lost by decomposition .

b . Edison cell. — The Edison cell has its electrodes made of nickel

oxide and finely divided metallic iron with an electrolyte of potassium

hydroxide (an alkali commonly called caustic potash ) dissolved in

water . This cell was developed to provide a very rugged type of stor

age battery which could stand physical shocks and much abuse. Its

voltage is about 1 .2 when fully charged and about 0. 9 volt when dis

charged . Its state of charge can be tested by measurement of its ter

minal voltage. The methods of charging Edison cells are the same

TL -885

FIGURE 2. — Battery BB -41.

as those of charging lead acid cells, but the chemical actions upon

charge and discharge are different. The potassium hydroxide

does not enter into the chemical action as does sulphuric acid

in the lead cell, hence concentration of the electrolyte does not change.

Subsequent to the development of this cell, methods of construction

of the lead cell have so improved the ruggedness of that type of cell

that its advantages as compared to those of the Edison cell have

greatly increased . Only the lead type is now being procured for signal

communication purposes. Some Edison cells are, however, still found

in service.

4 . Plate structure. The active materials of the electrodes of

storage batteries are soft, porous, and flaky. They have inadequate

mechanical strength to support themselves , especially in the portable



TM 11-430

4 - 5STORAGE BATTERIES FOR SIGNAL COMMUNICATION

types of batteries. It is therefore necessary to provide support for

these materials by means of a rigid framework of some inactive sub

stance which is also an electric conductor. There are various differ

ent ways of preparing the plates of a lead cell, but in the final form

each consists of a framework containing the active material in a porous

form which exposes a considerable amount of surface of its particles

to the electrolyte. The material of which the supporting framework

is usually made is a hard lead -antimony alloy . Especially in the port

able types of batteries, this framework usually takes the form of a

grid structure of horizontal and vertical wires (see fig. 3 ) . The single

plates are assembled into positive and negative groups ( see fig. 6 ) .

Plates A

7 Luo
Cross

Members

Active

Material

Separators IEEE

r
o
n
a
l
a

.

TL - 3391

FIGURE 3 . -- Section of battery plate grid with cross section showing active material in place.

Each negative group always has one more plate than the positive

group with which it is to be used . The plates of each group are per

manently joined to a connecting post strap by melting a portion of

each plate and the strap at the point where they come together (see

figs. 4 and 5 ) . This process is known as “ lead burning” and is done

with a gas flame or an electric arc. An assembly consisting of a posi

tive group and a negative group with separators is called an element.

The separate plates of the positive and negative groups alternate

within the element assembly .

5 . Separators. — To reduce the internal resistance of the cell the

plates are separated by as small a space as practicable . To prevent

the plates from actually touching and causing a short circuit, sheets

of insulating material called separators are inserted between them .

Separators aremade of variousmaterials such as treated acid -resisting

wood , perforated rubber, or a combination of the two, porous rubber,

or spun glass. When wood separators alone are used they are grooved
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FIGURE 4 . - Sectional view of typical storage cell.
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FIGURE 5 . - Sectional view of typical storage battery.
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FIGURE 6. — Battery BB -29, details.

vertically to allow the escape of oxygen gas formed during charging

( see par. 3a ) and to provide room for active material which flakes

from the positive plates to drop to the sediment space below . (See

fig . 7.) Ifthe oxygen is not permitted to escape rapidly it will deteri

orate the wooden separators. Also the active material of the positive

plates is more susceptible to flaking than that of the negative plates.

When a combination of wood and perforated rubber separators is

employed , the rubber separator is placed next to the positive plate .

6 . Electrolyte. — Dilute sulphuric acid is used as the electrolyte in

lead -acid storage cells. The strength or concentration of the acid

solution is an important indication of the condition of the cell and is

usually measured in terms of its specific gravity. Specific gravity

is the ratio of the weight of a given volume of acid to the weight of

the same volume of water. Pure sulphuric acid has a specific gravity

432520° — 42— 42
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TL - 4014

FIGURE 7 . - Typical wood separator.

of 1.835. Therefore, any solution of sulphuric acid in water will

always have a specific gravity greater than 1.000 . The electrical

resistance of dilute sulphuric acid is lowest between specific gravities

of 1. 150 and 1.300. The life of a storage cell shortens as the specific

gravity of the electrolyte increases. Therefore, maximum life is ob

tained by using electrolyte of as low specific gravity as is practicable .

In stationary batteries where size and weight are not so important as

in portable batteries, the acid used is generally of lower specific grav

ity than that used in portable batteries, varying from about 1.225

to 1.250 on charge to about 1. 150 on discharge. In portable batteries

the question of bulk and weight and of the requirement of large

currents for short periods of time outweighs the consideration of

long life and , as a consequence , the acid used in portable batteries is

ordinarily between about 1.270 and 1.310 when fully charged and

between 1.150 and 1.210 when discharged. The intensity of any

chemical action increases with rising temperature. In storage bat

teries using electrolyte with maximum specific gravity between 1.270

and 1.310 , the action increases to such a degree above 110° F . that

permanent damage may be done to the plates if the battery is used

at these temperatures. In some climates the atmospheric tempera

ture will exceed 110° F . In these localities it is better to use electro

10
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lyte of lower specific gravity than would be used in a temperate

climate. For example , a stationary battery designed to use electro

lyte of specific gravities varying from 1.225 to 1.250 in temperate

climates will operate more efficiently and with longer life in tem

peratures above 110° F . if the electrolyte of the battery when fully

charged is from 1.200 to 1. 210 specific gravity. In portable batteries

using electrolyte specific gravity of 1.270 to 1.310 at normal tempera

tures, it is desirable to reduce the electrolyte specific gravity to be

tween 1.250 and 1.270 when the batteries are used at temperatures

above 110° F .

7 . Containers. — The containers used for storage cells may bemade

of any material which will not be acted upon by the electrolyte over

the range of temperature encountered. Materials often used are

glass, hard rubber, celluloid , treated wood , or lead -lined wood. Glass

is most commonly used for the stationary batteries used in connec

tion with signal communication and hard rubber for the portable

batteries. In the case of portable batteries the container is usually

made up in the form of a box with partitions separating it into

compartments for two or more cells. Each cell compartment has a

row of ribs across the bottom which serve to hold the plates off

the bottom of the container. This provides space into which sedi

ment from the flakes may settle without coming in contact with the

plates where it would cause a short circuit of the cell. Care is taken

in the design and manufacture of portable batteries to make the

containers leakproof and, in some cases, spillproof by the use of

specially designed vent caps which allow gases to escape but prevent

the escape of electrolyte. Ordinarily each cell of the portable bat

tery has its own cover of the samematerial as the container. (See

fig . 6 . ) This cover has three holes , one for each of the two ter

minal posts which are part of the terminal straps holding the plates

together in groups, and one for the filler plug into which the vent

cap is fitted . The covers are sealed to the containers by an acid

proof thermoplastic compound. The terminal post holes are made

leakproof by the use of washers or sealing compound. Stationary

batteries of the glass type may be provided with hard rubber or glass

covers or may be without covers.

8 . Electrical connections. - In batteries of two ormore cells, the

cells are usually connected in series (sometimes in parallel) by con

necting straps. These are usually of lead or lead -coated copper and

are permanently connected to the terminal posts by burning.
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9 . Ratings. – Storage batteries are usually rated in closed-circuit

terminal voltage at a normal discharge current and in ampere-hour

capacity. The voltage rating is a function of the number of cells

in series and is based on voltage of 2 volts per cell. The open -circuit

voltage of a fully charged lead -acid cell is approximately 2.2 volts ,

but due to the internal resistance of the cell this may drop to 2 volts

or less under load. The ampere-hour rating of portable batteries is

normally based on an 8 -hour (or sometimes 5 -hour) discharge rate

at 77° F . To obtain the number of amperes which may be delivered

by a storage battery in order to discharge it to its normal discharged

condition in 8 hours (which is 1.75 terminal volts per cell under

load ), divide its ampere-hour rating by 8. Thus, a battery having

a rating of 4 volts and 80 ampere-hours will be delivering a current

of 10 amperes at 3.5 volts at the end of an 8 -hour period of discharge

at 10 amperes. The ampere-hour rating is a function of the total

plate area in each cell,multiplied by the number of cells in parallel.

In automobile batteries, since the plates are nearly always of a

standard size, the ampere-hour rating is a function of the number of

plates per cell. If a battery is discharged at a current higher than

its normal 8 -hour rate, its ampere-hour capacity will be much less

than its rated ampere-hours; if discharged at a lower rate, it may

deliver considerably more than its rated ampere -hours. Batteries

which are designed for special purposes may be rated in terms of

other than 8 -hour discharge rates.

10 . Life expectancy. - a . The life of a storage battery depends

upon several conditions, among which are the

( 1 ) Type of plates used .

( 2 ) Care given to the battery.

( 3 ) Actual cycles of charge and discharge undergone by the battery.

(4 ) Temperatures at which it has been charged and discharged .

b . If the battery were used intermittently and kept on trickle

charge for long periods, its life might extend to 5 or more years. If,

however, it is used continuously under normal conditions, its life

may be anywhere from 2 to 4 years. The life is limited to a great

extent by the shedding of active material (see par. 37 ) and by sul

phation of the plates (see par. 30 ) . If charging and discharging are

conducted at normal rates and under proper conditions, the plates

will remain in good condition over a long period of time. However,

if subjected to abnormal load or misuse , their life will be shortened.

12
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11. Capabilities and connections. — To obtain the best service

from storage batteries, they should be discharged at as low a rate

as possible. The normal rate of discharge for most storage batteries

is the 8-hour rate, but if a lower rate can be used it is advantageous

to do so. The voltage delivered by a storage cell is 2 volts, and

sufficient cells must be connected in series to give the required voltage.

Sufficient cells to provide the necessary current drain over a reason

able period of time must be connected in parallel. Suppose, for

example, a particular piece of equipment requires 30 amperes at 24

volts for its operation , and that only batteries BB _ 29 are available.

The rating of the battery BB - 29 is 4 volts and 80 ampere-hours. The

8 -hour discharge rate of this battery is 80 divided by 8 , or 10 amperes.

Since 30 amperes are required , 3 cells in parallel must be used if the

8 -hour rate is not to be exceeded . To give 24 volts , 6 batteries must

be connected in series. Therefore, three parallel sets of 6 batteries

BB- 29 in series ( 18 batteries , or 36 cells in all) are required to

operate this equipment for 8 hours ( see fig. 8 ) . This is an unusual

requirement (720 watts), and usually from 1 to 6 batteries BB - 29

will operate the equipment likely to be encountered in the field . In

an emergency, 24 volts at 30 amperes might be provided by 12 bat

teries BB - 29, connected as two parallel sets of 6 batteries in series,

but the drain on the batteries would be excessive and their discharge

time would be less than 23 of 8 hours. For intermittent use in an

emergency , this connection would probably give very satisfactory

service. If plenty of batteries were available , it would be advanta

geous to connect 24 , 30, or even more batteries ( in groups of 6 ) in
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- LOAD +

24 Volts

30 Amperes TL - 4041

FIGURE 8 . — Method of connecting batteries for heavy loads . ( Those shown are batteries

BB - 29, connected to deliver 24 volts at 30 amperes for 8 hours.)

the circuit, thereby reducing the drain on each battery below the

8 -hour rate , and extending the discharge time.

12 . When to charge. — The most advantageous time to charge a

storage battery is immediately after it has been used to any extent.

In any event, a battery should be charged immediately if its specific

gravity has fallen to 1. 150. Batteries should never be left in a dis

charged condition longer than is absolutely necessary. Allowing

a battery to remain in a partially or completely discharged condition

for excessive periodsoftime causes the lead sulphate on the plates ( see

par. 3a ) to become crystallized , thereby making it next to impossible

to charge the battery without removing large amounts of active mate

rial from the plates. This is ruinous to the battery ( see par. 37) . In

addition to this, the sulphate coating over the active material is a non

conductor and it is difficult or impossible to pass charging current

through the battery.

13. Hydrometers. - 2. A convenient tool for making rapid meas

urements of specific gravity of electrolyte is the hydrometer. The

syringe type hydrometer consists of a glass syringe containing a glass

hydrometer float (see fig. 9 ). The float is a long-necked bottle ,

weighted in the lower end and having a long, thin neck graduated

from 1.100 to 1.300 . Electrolyte is sucked into the syringe until the

float is floated by the electrolyte. The division of the scale in line with



TM 11 -430

13STORAGE BATTERIES FOR SIGNAL COMMUNICATION

the surface of the electrolyte in the syringe indicates the specific grav

ity of the electrolyte ( see fig . 10 ). In common practice , the decimal

point is omitted from hydrometer readings; thus, the specific gravities

in figure 10 are read as 1275, 1200, and 1150. In stationary batteries

without covers, a hydrometer consisting of the float only is used and is

left floating in one cell which is called a pilot cell.

b . Care should be exercised in using the syringe hydrometer. The

electrolyte should be drawn in slowly to prevent breakage of the float

against the top of the syringe; similarly the electrolyte should be

- Bulb

Perforated

Pubber Stop

Glass Cylinder

1

Hydrometer

Guard

Rubber Tip

Hydrometer Syringe

Assembly

TL - 888

FIGURE 9. — Hydrometer HY -2 .

expelled gradually to avoid breaking the float against the bottom of

the syringe. The instrument must be held upright while taking a

reading, otherwise the float may stick against the side of the syringe.

Hydrometers should always be tested against a standard instrument

before being put into service.

c. Hydrometer readings should always be corrected for tempera

ture. This is done by adding 0 .001 (or simply 1 in common practice )

for every 21,2° above 80° F ., or by subtracting a like amount for

every 21/2° below 80° F . A correction table is given in figure 11.

15
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To use this chart, add (or subtract ) the figure opposite the tempera

ture reading to the temperature reading . For example, a hydrometer

reading of 1280 at 40° F . should be 1280 - 16 = 1264 ; a reading of 1210

at 110° F . should be 1210 + 12 = 1222.

d . Another type of specific gravity indicator, which is used in

cells having glass containers, consists of two balls of different specific

gravities and different colors, each about 1/4 inch in diameter. They
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Figuro 10 . --Hydrometer readings. ( Those shown are 1.275 , 1. 200 , and 1.150 from left

to right. )

are confined in a vertical cage against the container wall. When

both float, the battery is approximately fully charged. When one

sinks, the battery is partly discharged ; when both sink, it is dis

charged and should be recharged. This method is unreliable above

110° F . and thereafter if the balls have ever been heated to such a

temperature.

14. Charging rates. The charging rate of a storage battery de

pends upon several factors, among which are the ampere-hour rating

16
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of the battery , its age, its previous history , and the charging method

used (see par. 16 ) . Under no circumstances should a battery be

charged at a rate which causes the temperature of its electrolyte to

rise above 110° F . A battery placed on charge should be carefully

watched for several minutes for excessive gassing, which indicates

too high a charging rate . Gassing is the giving off of many small

bubbles at such a rate as to make a hissing sound . The occasional

gurgling or bubbling sound from a battery on charge is normal and

should not be confused with the hissing sound of excessive gassing.
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FIGURE 11 . - Temperature correction chart for hydrometer readings.

Caution : The gas given off by storage batteries is a mixture of hydro

gen and oxygen and is highly explosive. No flame or spark should be

allowed near batteries which are on charge or discharge. Any rate

which does not cause excessive gassing or excessive temperature rise

may be used, although when high starting rates (50 percent of rated

ampere-hour capacity or more ) are used the batteries should be

carefully watched .

15 . Charging time. - Charging should always be continued until

the battery is fully charged. Readings of specific gravity (cor

rected for electrolyte temperature) and cell voltage should be made

every half hour, and charging continued until no rise in either oc

432520 - 42- - 3 17
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curs on any one of four successive readings (112 hours' time). Accu

rate records of the progress of batteries on charge should be kept

by the charging-station attendants. For this purpose, charts should

be made for 24 -hour intervals, divided into columns for half-hourly

intervals, and providing space for the largest number of batteries

which the charging equipment is capable of handling at one time.

Provision should be made for entering batteries on the chart at any

time. Each half-hourly reading for a battery should consist of a

roading of specific gravity and a reading of terminal voltage (with

normal charging current flowing ) for each cell. If more than one

type of battery is handled , separate charts may be made for two

cell, three-cell, and six -cell batteries. A convenient form for use

with stationary batteries is W . D ., S . C . Form No. 1173 (Storage

Battery Report) . By recording all the readings indicated , all ques

tion of the state and progress of charge of each battery will be elimi

nated , and the liability of undercharging or overcharging will be

reduced . The specific gravity (corrected for electrolyte temperature )

of the electrolyte should be between 1.270 and 1.300 , and the cell volt

age 2. 3 to 2.5 volts (with half the normal charging current, or a cur

rent equal to 5 percent of the ampere-hour rating, flowing ) when the

battery is fully charged . In general, the time necessary to charge

fully a discharged battery will be such that more ampere-hours will

be put into the battery than it is capable of delivering. This is

due to various losses in the battery, such as heat, local chemical action

in the cells, electrolysis, etc. The actual ampere-hours necessary for

full charge depend on the condition and starting state of charge

of the battery . The charging timemaybe reduced materially by the

use of a tapered charging rate, which is one which starts at a high

current and gradually decreases to 5 percent of the ampere-hour

capacity of the battery at full charge ( see par. 163 ) . Batteries on

taper charge should be carefully watched during the first hour for

excessive temperature rise or gassing.

16 . Charging methods. - All charging methods are fundamen

tally alike, in that they are all methods of applying unidirectional

(direct) current of the proper voltage and current for charging.

The most common methods are by the use of resistances in series with

d -c mains, d -c generators, and rectifiers. Supplementary parts of

battery chargers are regulating controls (rheostats or lamp banks)

and measuring instruments (voltmeters and ammeters) . Rectifiers

are commonly used in charging stationary type storage batteries used

in such installations as fixed station common battery telephone instal

lations. The method of charging generally used in fixed installations

18
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is trickle charging and this should always be conducted in accordance

with instructions supplied with the battery by the manufacturer.

Portable batteries , such as the BB -29, used for field radio equipment

may be charged by the use of rectifiers ( see TM 10 –580) or by the

use of the battery charging set SCR - 169 which supplies a voltage

of 32 volts and may be used for either constant-current or constant

voltage charging, depending upon the number and arrangement of

the batteries being charged see TM 11–302) .

a Constant-current charging. - When a voltage source consider

ably higher than that necessary for charging is used , through appro

priate dropping resistors , lamp banks, etc. (see fig . 12 ) , the varia

tions in battery voltage are small compared to the voltage across

the dropping resistors, and the current remains practically constant

D C Mains

(110 Volts )

Switch Switch

Fuses Fusesbattery

allery

Voltmeter

H Hvoltmeter ©
Bank of Lamps

000000
Charging

Rheostat
Ammeter

Ammeter TL - 4017

FIGURE 12. - Constant-current charging, showing connections for rheostat and bank of

lamps .

throughout the charging period. This method of charging requires

almost constant attention, since excessive overcharging (see par.

38 ) may easily take place. If a number of batteries are to be

charged together, this difficulty may be largely overcome by con

necting them in series, thereby decreasing the difference between the

line voltage and the battery voltage, and making the method

approach more nearly the constant-voltage method (see b below ) .

Series connection is also more economical than separate charging

from the d -c mains, because as much power is required to charge

one battery as several. A safe charging current for constant-cur

rent charging is one-eighth of the 8 -hour rating in ampere-hours

of the battery, reduced to half of that value as the battery approaches

full charge. Care should be taken that the charging rate is not too

high, as evidenced by excessive gassing or temperature rise (see pars.

14 and 37) .

of the
charge iden
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b . Constant-voltage charging. - The time required for charging can

be reduced by the use of a tapering current ( see par. 15 ) . If a

source of constant voltage equal to 2 .5 volts per cell is used, this is

accomplished automatically (see fig . 13). The initial charging cur

rent under these conditions is much higher than the normal rate,

sometimes several times the normal rate, but the current drops

rapidly as the battery charges, until at full charge the current is

approximately half the normal rate . Care should be taken to ascer

tain that the initial rate is not too high , as evidenced by excessive

gassing. After the charging current drops to the normal value, little

attention to batteries on taper charge is required, since the charging

rate decreases automatically as the batteries become charged .

7 . Ammeter

CONSTANT POTENTIAL

SOURCE

(MOTOR -GENERATOR

OR RECTIFIER) 7. 5 Volts

aloT67

TLالماهام - 4018

FIGURE 13 . - Constant-voltage (automatic taper ) charging, showing connections for 2 - and

3 -cell batteries.

c. High -rate charging. – Various types of high - current chargers

for rapid charging of storage batteries are being developed com

mercially. These chargers deliver an extremely high current (100

amperes or more) initially , dropping rapidly to a normal value.

They charge batteries in a very short time but are capable of com

pletely destroying a battery if not controlled intelligently. They

are not used at presentby the Signal Corps.

d . Trickle charging. – Trickle charging is the continuous applica

tion of low charging current and is usually a constant-voltagemethod.

This maintains the maximum electrolyte specific gravity and insures

that the batteries will remain at full charge over long periods of

time. It is particularly well suited to batteries which are used inter

mittently over long periods of time, such as stationary batteries.

Trickle charging may be accomplished by any device capable of

delivering 1 percent or 2 percent of the ampere-hour rating of the

battery, or sometimes as high as 5 percent if the intermittent loads

are heavy.

e . Overcharging. - Occasional overcharging, as indicated by cells

gassing freely, is beneficial to batteries, but if carried to excess may

destroy the plates ( see par. 38 ) .

20
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17. Preparing new batteries for service. — New batteries may

be received in either a wet or a dry condition .

a . Batteries shipped wet are always fully charged before shipping

and may be put into service immediately , although a finishing charge

at half the normal rate is advisable . .

. . b . Batteries shipped dry must be filled with electrolyte and given

the initial charge before being put into service . Instructions stating

the amount and specific gravity of the electrolyte necessary, as well

as the rate and time of the initial charge, are usually provided with

new batteries. The vent plugs of a battery shipped dry are ordi

narily sealed and should not be removed until the battery is to be

filled and charged. If the plugs are not disturbed and the battery

is properly stored ( see par. 41) , it may be stored dry over periods

of many months without harmful effects.

18. Preparing electrolyte. - Sulphuric acid for electrolyte may

be furnished as pure acid , as dilute acid of 1.400 specific gravity, or as

dilute acid of 1.300 specific gravity. Unless furnished at the proper

specific gravity for use, it mustalways be diluted to the proper specific

gravity (1 .300 unless otherwise specified by the manufacturer ) by

adding to distilled water.

a . When pure sulphuric acid (specific gravity 1.835 ) is furnished ,

great care must be exercised in its dilution , because heat is always

developed when water and sulphuric acid are mixed . A container of

suitable size, which will not be acted upon by sulphuric acid , should

be used. Caution : Never pour water into acid — pour the acid into

water, and go slowly ,stirring the mixture gently but thoroughly mean

while. Large quantities of acid may require hours for safe dilution .

Always correct hydrometer readings for temperature when measuring

specific gravity of the mixture; otherwise the specific gravity will be

too high when themixture cools.

6 . If acid at 1.400 specific gravity is furnished , distilled water may

safely be added slowly to it, if stirred vigorously meanwhile, since

1.400 specific gravity acid has already been made by mixing sulphuric

acid and water . Not as much heat will be developed when diluting

1.400 specific gravity acid as when pure acid is added to distilled

water.

c. In diluting sulphuric acid of specific gravities 1.835 or 1.400 to

suitable specific gravities for use in storage batteries, it is desirable

to use a table to determine the quantities by volumewhich should be

mixed. This is because the total volume shrinks somewhat after

mixing, with the result that calculations as to volume-weightrelation
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ships after mixing cannot be determined from those before mixing by

simple arithmetic. Below is a table which gives proportionsby volume

of water and sulphuric acid which should be mixed in order to obtain

a limited number of specific gravities commonly used in storage

batteries.

When mixing by volume

using 1.835 acid
When mixing by volume

using 1.400 acidSpecific

gravity

desired ,

80° F .to to PartParts

water

required

Part

acid

required

Parts

water

required

acid

required

0 . 161. 97

2. 50

2 . 90

3 . 24

. 37

· 55

1 . 350

1. 300

1. 270

1. 250

1. 225

1. 210

1. 200

.69

. 90

1. 04

1. 15

4 . 13

4 . 40

19. Filling cells of new batteries. - A hard rubber or glass fun

nel is suitable for filling cells. If these are not available, the elec

trolyte may be poured from a glass pitcher into the cells, or a tem

porary funnelmay be made of paper to answer the purpose. After

filling, the cells should be allowed to stand for 15 minutes, when they

should have electrolyte added asnecessary tomake up for that absorbed

by the plates and separators. The battery should then be allowed to

stand 8 or 10 hours , when the cells should once more be filled to the

proper level. Any electrolyte spilled on the outside of the battery

should be washed off with water.

20 . Heat due to new electrolyte. — When electrolyte is first

placed in new batteries,heat will immediately be developed , sometimes

raising the temperature of the electrolyte above 110° F . This cannot

be avoided , but the batteries should not be placed on charge until

cooled to atmospheric temperature.

21. Conduct of initial charge. - Instructions for giving a specific

battery its initial charge are generally supplied with the battery. The

general principles followed by these instructions are similar to those

in a to d , inclusive,below .

a . Before charging, remove vent plugs and fill each cell with 1.300

specific gravity electrolyte to a height of 38 inch * above the top of the

* This height varies with types and manufacturers of batteries.
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separators. After 15 minutes, go over the cells and fill again to this

height to make up for electrolyte absorbed by the plates.

6 . Allow the battery to stand 8 to 10 hours and add more electrolyte

if the level has fallen .

c . Charge the battery at a current numerically equal to 5 percent of

the ampere-hour capacity (i. e., 5 % of 80 = 4 amperes for an 80 ampere

hour battery ) for a period of from 70 to 80 hours. Reduce the

charging currentifnecessary to keep the electrolyte temperature below

110° F ., but the full number of ampere-hours must be put in . Never

discontinue the charge untilmaximum specific gravity and cell voltage

have been obtained .

d . After the battery is completely charged ,adjust the specific gravity

of the electrolyte to 1.300 unless otherwise prescribed by the manu

facturer . Wipe off any electrolyte that has gassed over on the rubber

cover.

e . More timethan the instructions indicatemay be required to charge

a new battery completely. The specific gravity may rise much higher

than 1.310, but in any case the initial charge must be continued until

the specific gravity has attained its highest reading for a period of

at least 2 hours.

22. Adjustmentof electrolyte after initial charge. — After the

initial charge , the specific gravity of the electrolyte should be ad

justed to 1. 300. To accomplish this , some of the electrolyte should be

withdrawn from the cells with the hydrometer syringe and replaced

by

a . Distilled water if the specific gravity is above 1. 300, or

b . 1.400 specific gravity acid if the specific gravity is below 1.300.

Batteries thus treated should again be placed on charge at the same

rate as the initial charge for 2 or 3 hours to mix the electrolyte. If

still too high or too low after themixing charge, repeat the adjusting

and mixing operations.

23. Capacity after initial charge. — The capacity of any storage

battery under normal conditions is only from 75 to 80 percent as great

directly after its initial charge as it will be after the battery has had

a few cycles of charge and discharge. Therefore, batteries should not

be sent into the field to function at their full capacity immediately

after their initial charge.
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SECTION III

MAINTENANCE
Paragraph

L
1

!
1

1

1
1

1
1

1
Charge and discharge schedule -- - - - -

Electrolyte level - - - - -

Exposed metal parts - - -

Indications of condition of storage batteries

Troubles and remedies . - - -

Loss of capacity - - - - - - -

Abnormal sulphation - - - - - -

Corrosion - - -

Cracked or broken containers

Consistently low electrolyte - - -

Freezing - - - - - - - -

Frothing - -

Impurities in electrolyte _

Loss of active material.

Overcharging - -

Reversal of polarity - - - -

Short circuits.

24 . Charge and discharge schedule. — The most important

point in the care of storage batteries is that they should never be

allowed to remain in a discharged condition any longer than is abso

lutely necessary. Stationary batteries should be charged and the

condition of charge should be verified in accordance with the manu

facturer's instructions. For portable batteries, tactical units using

storage-battery powered equipment should be furnished charging

equipment capable of reducing this time to a minimum . For ex

ample, a divisional signal company is furnished battery-charging

equipment for charging Signal Corps storage batteries of all units

of the division . All spare batteries on hand should be kept at the

charging station so that they may periodically be given a freshening

charge. A schedule may be worked out by the charging-station at

tendants whereby all spare batteries on hand will be placed on

charge at regular intervals , for example, 2 hours every 2 weeks at 5

percent of rated capacity . If facilities for continuous trickle charge

(1 percent or 2 percent of rated capacity) are available, all batteries

not in use may be kept freshly charged over long periods of time.

To obtain maximum life of the batteries they should be used in

rotation , rather than having some batteries stand idle continuously

while others go through rapid successive charges and discharges.

25. Electrolyte level. — The electrolyte should be maintained at

its proper level (38 inch or more above the top of the separators,

as specified by the manufacturer) by regular addition of distilled
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water. A certain method of ruining a storage battery is to allow

the level ofthe electrolyte to remain below the top of the separators

over a period oftime. (See par. 33.)

26 . Exposed metal parts. - Any electrolyte spilled on the outside

of a storage battery should be wiped off with a cloth moistened with

ammonia or soda solution ( see par. 31), since it may come in contact

with exposed metal parts and cause corrosion . Terminals may be

protected from corrosion to some extent by coating with petrolatum ;

cell connectors and other metal parts by coating with petrolatum or

painting with melted paraffin .

27. Indications of condition of storage batteries. - When bat

teries are returned to a charging station for attention, the first thing

to be done is to determine their condition . There are several ways

of accomplishing this, among which the following are probably the

easiest and most reliable :

a . Take specific gravity readings of the electrolyte. If the specific

gravity is approximately 1. 200, a normal discharged condition is

indicated . If no report of trouble with the battery is received , it is

safe to charge it at its normal rate. If the specific gravity is ap

proximately 1.250 , this indicates that the battery is nearly half dis

charged, assuming the battery is in good condition . If no report

of trouble with the battery is received , it should be placed on charge

at its normal rate.

b . If a report is received that the battery would not hold its

charge, was not very active, or any other report indicating unsatis

factory service, specific gravity readings of each cell and voltage of

each cell under normal discharge should be taken .

( 1 ) If all cells show about the same low specific gravity of 1.150

and terminal voltage of 1.75 volts or less at the normal discharge

rate, it is probable that the battery has been subjected to accidental

overdischarge, such as leaving a radio set turned on all night. In

this case , the battery should be placed on charge at the normal rate.

( 2 ) If one cell shows lower specific gravity than the others, or

if its voltage under normal discharge is lower than the other cells,

this cell may have internal trouble. The first thing to be done in

this case is to place the battery on charge at its normal rate until

the better cell or cells have reached their maximum specific gravity,

when they should be cut out of the circuit and the charging of the

low cell continued . The charge of the poor cell should be carried

on until it has been definitely shown that the electrolyte has risen

to its highest specific gravity and the cell's voltage will rise no

higher. This may require many hours, and excessive heating may
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require reduction of the charging rate . If the cell will not come

up to normal specific gravity and voltage, look for internal trouble.

28 . Troublesand remedies. -- Paragraphs 29 to 40, inclusive, deal

with a number of maintenance troubles encountered in caring for

storage batteries and appropriate remedies for these troubles. It will

be noted in many cases that the remedies include instructions for

removing the groups of plates and direct treatment or replacement

of plates and separators. This is practical in most types of station

ary batteries and it can be done with some types of portable batteries

such as the BB - 29, for which it is possible to obtain replacement

parts. It is not a very practical procedure with automobile type

storage batteries because the amount of labor involved is frequently

more costly than the price of a new battery. Removal and replace

ment of plates, both in automobile type batteries and in Signal Corps

portable batteries such as the BB - 29, should be done only by highly

skilled technicians.

29. Loss of capacity .- a . Indications and effects. - ( 1 ) Battery

will notdeliver its rated current for the proper length of time.

( 2 ) Specific gravity rapidly decreases after charging.

b . Causes. - ( 1 ) Clogging of pores of plates or separators with sul

phate or other impurities, due to abuse .

( 2 ) Contraction of the pores of the plates due to overcharging.

( 3 ) Loss of active material from the grid . This is the most usual

cause of loss of capacity ( see par. 37) .

( 4 ) Formation of a layer of sulphate on the grids of the plates.

This condition generally results in break -down of the plates and will

necessitate replacing the unserviceable parts, or discarding the battery,

depending upon its type.

(5 ) Loss of electrolyte.

(6 ) Low temperature.

( 7 ) Charging and discharging at an excessively high rate, particu

larly discharging.

( 8 ) Overcharging for long periods.

( 9 ) Short circuits, internal or external. External short circuits

may becaused by spilling electrolyte on the outside of the cell.

( 10 ) Oversulphation .

( 11) Normalwear. After a battery has been in service for an ex

tended period, it is natural that its capacity be less than when new .

The normal life expectancy of a storage battery is discussed in para

graph 10 .

c. Remedies. - It is always a safe procedure to put batteries which

show indications of trouble on charge at a normal rate and try to
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bring their specific gravity to normal. This action will provide a

simple means for accurately judging the condition of a battery . If the

battery has been given a normal charge and the specific gravity rises

to its maximum , around 1.240 for example , the battery should then be

placed on test discharge at thenormal rate and readingsofboth specific

gravity and voltage should be taken every 30 minutes. This test will

indicate the number of hours of service which the battery will give.

When the voltage per cell falls to 1.75, the battery has reached its nor

mal discharge voltage. This is the indicator of capacity performance

and the battery has done all it can do in its condition . If this test

indicates that one ormore cells are in bad condition and the battery has

been in service a long time, thebattery should be declared unserviceable.

30. Abnormal sulphation .— a . Indications and effects. — ( 1)
Light color of both the positive and negative plates.

(2 ) Loss of capacity.

(3 ) Continued low specific gravity.

(4 ) Hardening of the plates.

(5 ) High internal resistance , which may be indicated by an ab

normally high charging voltage or an abnormally low discharge

voltage.

(6 ) Loosening of active materials.

(7 ) Buckling of positive plates ( see fig . 14 ).

( 8 ) Abnormal length of time required for charging.
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FIGURE 14 . - Group of buckled plates, such as caused by abnormal sulphation or excessive

heating.
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( 9 ) Low open-circuit voltage.

( 10 ) Low charging current under normal charging voltage. .

b . Causes. - (1 ) Neglect or misuse. .

( 2 ) Standing idle in a discharged condition too long.

· ( 3 ) Habitual undercharging. That is, instead of carrying the

charge to its completion where the specific gravity reading should have

risen to its highest value and stayed at that value for at least 142 hours,

the charge is cut off before this condition has been obtained . There

fore, all of the sulphate has not been converted into activematerial.

(4 ) Electrolyte level too low ,

(5 ) Neglecting trouble in individual cells of a battery .

(6 ) Adding raw acid or electrolyte to bring up the specific gravity

of the cell when it is in a discharged or partially discharged condition .

One of the most common mistakes made in storage-battery work is to

give what is called a quick charge. This is ordinarily done by adding

acid to the battery to bring up its specific gravity . For a very short

time the battery will function under a nearly normal condition . The

ultimate result,however, is complete break -down of the entire battery .

c. Remedy. — When a cell is not too badly sulphated , it is possible

in the majority of instances to remove the sulphate from the plate and

convert it into activematerial by long successive charges at low rates.

During each charge the specific gravity should rise. It may rise to

its normal value. If successive charges do not accomplish this, pro

ceed as follows:

( 1) Charge the battery until the specific gravity will rise no higher.

( 2 ) Throw away the electrolyte .

(3 ) Fill the battery with distilled water .

(4 ) Charge it until the specific gravity will rise no higher.

(5 ) Throw away the water.

(6 ) Fill with fresh electrolyte of from 1.330 to 1.340 specific gravity.

(7 ) Put through several charges and discharges at normal rates.

If the sulphate is not removed by this, either repeat the process, or, if

the condition of the plates does not warrant further use of the battery,

discard it. Be sure the specific gravity of the electrolyte is adjusted

to the proper value after the last discharge and charge have been

made.

31. Corrosion . --a . Indications and effects. — ( 1 ) Gradual deteri

oration and eventual destruction of any part of the battery which can

be acted upon by electrolyte. The exterior metal parts of the battery,

such as spring clips on covers, if any , are eaten away. The corrosion

may cover the externalmetal and the entire top of the battery with a

greenish white substance. Terminals are weakened and easily broken.
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(2 ) Increased resistance indicated by a decreased capacity and ter

minal voltage while in use although a hydrometer reading of specific

gravity of 1.250 to 1.300 may be indicated . Theremay be no indication

of loose connections. The positive terminalof a battery is more sus

ceptible to corrosion than the negative terminal, due to electrolytic

action .

6 . Causes. — (1 ) Carelessness, dust, dirt, moisture; the last particu

larly in the Tropics.

( 2 ) Neglect; loose or dirty connections. The electrolytic action is

greater with a loose connection than with a tight one.

( 3 ) Adding so much water to a cell as to cause it to overflow when

the battery is being charged and is gassing freely. ( The electrolyte

expands when charging, due to heat and the formation ofbubbles.)

( 4 ) When gassing, electrolyte is thrown out of the cell in a fine

spray by the escaping bubbles, and it will attack the exterior metal

parts and cause their rapid sulphation . Thismay result in the total

loss of the battery .

(5 ) Poor sealing.

c . Remedies. Use the following procedure :

( 1) If the cells of the battery are interconnected by wires, remove

the wires and clean them .

( 2 ) Brush the corroded parts thoroughly with a wire brush. Make

a mixture ofbaking soda and water to the consistency of a thin cream .

Apply this mixture to the metal parts, making fresh applications

until any gassing action ceases, or, in other words, until the acid has

been neutralized by the soda and water. Other suitable naturalizing

substancesare ammonia solution or a concentrated solution of washing

soda prepared by dissolving common washing soda in warm water.

After neutralization has been completed , thoroughly wash the top of

the battery with water and dry with a cloth . Care should be taken

to see that theneutralizing material thoroughly enters each little crev

ice or opening between terminals or other exterior parts of the battery

in order to complete the neutralizing action . Caution : Do not allow

the neutralizing mixture to enter the cells through the vent openings

as this will ruin the battery.

( 3 ) When dry, brush themetal parts with a wire brush .

(4 ) Examine all of the connections and repair any poor ones.

(5 ) Apply petrolatum to the assembled and cleaned parts ofthe bat

tery when dry.

(6 ) When a sealed battery is in use , the vent plugs should be kept

tightly in place. This prevents electrolyte spilling and splashing.

If a battery becomes wet it should be gone over before it dries with a
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cloth moistened with ammonia or soda solution, and dried with a dry

cloth. This neutralizes the acid and prevents corrosion .

32. Cracked or broken containers.- A . Indications and effects.

( 1 ) The electrolyte gradually becomes diluted due to leakage, as indi

cated by the specific gravity not rising to its proper value upon charge;

the capacity of the cell may diminish , and it may not develop proper

voltage upon discharge.

( 2 ) If there are any metal binders, screws, handles, etc ., on the

case they eventually will be eaten away by the leaking electrolyte .

( 3 ) It becomes necessary to add much more water to the electrolyte

of a cell whose container is broken than to the other cell or cells of

the battery.

b . Causes. - ( 1 ) Vibration .

(2 ) Slight falls, such as a drop from a height of 1 or 2 inches upon

a concrete floor or rough handling of the battery when loading it into

a truck ,might crack the container.

c. Remedies. - ( 1 ) Tear the battery down.

( 2 ) Replace the broken container with a serviceable one . If the old

container is so badly broken it will not hold electrolyte, provision

must be made for keeping the plates and separators in water until a

new container is available.

( 3 ) Adjust the electrolyte to the specific gravity consistent with the

condition of the battery . The proper specific gravity is sometimes

difficult to determine. In cases where the battery's condition is not

definitely known, that is, whether thebattery is charged or discharged ,

it is best to add electrolyte of 1. 250 specific gravity to the reassembled

battery, charge it at a normal rate, and adjust the specific gravity

to its proper value after it is known that thechargehasbeen completed .

33 . Consistently low electrolyte . -- a . Indication and effects.

( 1) Decreased voltage ; capacity decreases in proportion to surface of

plates uncovered .

( 2 ) A band of gray sulphate across the plates indicating where they

have been exposed ..

( 3 ) Rotted separators.

b . Causes. - ( 1 ) Lack of proper maintenance - -not replacing the

evaporated water promptly.

( 2 ) Excessive evaporation due to some internal abnormality.

( 3 ) Loss of electrolyte due to spilling or flooding battery. This

may easily take place in field work where batteries are tipped over

and someof the electrolyte is spilled .

( 4 ) Loss of electrolyte due to leakage or broken container.
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(5 ) Excessive gassing, indicating excessive local action which is due

to somedetrimental local condition .

C. Remedies. - If the condition has not lasted too long, add water to

bring the electrolyte level 12 inch above the top of the plates, give the

battery a long, low rate (one-half normal) charge, and continue to

operate the battery. Electrolyte should never be added to a cell under

any circumstances unless it is definitely known that electrolyte has been

lost from the cell. When it becomes necessary to add electrolyte, never.

add it in the form of raw , concentrated acid but in a dilute form of

not over 1.400 specific gravity. After the electrolyte has been adjusted ,

place the cell or cells on charge at the normal rate and readjust the

specific gravity at the end of a complete charge. Repeat the readjust

ment of the specific gravity until continued charging fails to increase

it above a proper maximum . Very often , the excessive use of water by

a cell indicates that the cell is not in good internal condition . Where

there is internal action , due often to a short circuit or partial short

circuit , there will bemore or less constant chemical action which uses

up water in the electrolyte. Regardless of whether or not the cell is

used , there is a certain amount of evaporation ofwater from the elec

trolyte . This water must be replaced, and sufficient replacementmust

be made to prevent the tops of the separators or plates becoming ex

posed to the air . When exposed to air , the plates will rapidly sulphate

or oxidize and render the exposed portions inoperative. Batteries not

in use should be filled with water once every 2 weeks in temperate cli

mates, and once every week in warm climates. While in use they

should be filled as often as the electrolyte drops to a dangerous level.

34 . Freezing. — a . Indications and effects. — ( 1) Broken con

tainers.

( 2 ) Disintegration of active materials.

( 3 ) Broken separators.

b . Causes. - Exposure to low temperatures when partially or fully

discharged, or after adding water without placing the battery on

charge to mix the electrolyte .

c. Remedies. - ( 1 ) Gradually let the battery thaw out by placing

it in a room of normal temperature (about 73° F .) . The battery may

be saved if the freezing has not progressed too far.

( 2 ) If necessary to prevent freezing, place batteries on trickle

charge. This will keep up the specific gravity and, as indicated

in the table in d below , abnormally low temperatures will be required

to cause freezing. Never permit a battery to remain discharged at

low temperatures.
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( 3 ) Take readings of specific gravity at proper intervals to insure

that there is no abnormal drop in the specific gravity of the electro

lyte. If water is added to the battery in freezing weather and not

immediately mixed into the electrolyte by charging , the water will

float on top of the electrolyte , since it is lighter, and may freeze.

d . A table indicating the freezing point of electrolytes of various

specific gravities is given below :

Specific gravity Freezing point Specific gravity Freezing point

1 .000 (water ) - - - -

1 . 100 .

1 . 150 .

32° F . above 0 .

18° F . above 0 .

5° F . above 0.

1 . 200 .

1 . 250 .

1.300 - - - - -

16° F . below 0 .

62° F. below 0.

95° F . below 0 .

Low temperatures greatly reduce the available capacity of a battery,

but the normal capacity should be regained with the operation of the

battery under normal temperature.

35 . Frothing. - a. Indications and effects. - An evolution of per

sistent bubbles or foam in the vent-plug opening.

b . Cause . — Impurities in the cells, such as animal fat or oil.

c . Remedies. - ( 1 ) Condition of frothing usually cures itself by

carrying the impurities outof the cell in the foam . .

(2 ) If frothing continues for any length of time, empty the cell

and renew the electrolyte.

( 3 ) If the procedure prescribed in ( 2 ) above does not completely

remedy the condition , the cell should be torn down and the plates

examined to determine whether or not the cell should be declared

unserviceable.

36 . Impurities in electrolyte. - a . Indications and effects. - ( 1)

Abnormal sulphation.

( 2 ) Clogged separators, particularly rubber separators.

(3 ) Rapid deterioration of platesand separators.

(4 ) Frothing.

(5 ) Specific gravity drops quickly when discharging.

(6 ) A continued condition of low voltage per cell, which condition

will prevail even when the battery is charging. This voltage may

be 2 .1 to 2 .2 per cell and remain at this value even when the charge

should be complete.

( 7 ) Discoloration of plates and separators.

(8 ) Excessive local action .

b . Causes. - ( 1 ) Impurities may be present in the acid or plates.

Proper precautions should be taken by purchasing agents in obtaining

pure acid and high -grade plates to prevent this.
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( 2 ) Impurities may be introduced into the cell by using water

containing mineral salts, such as those occurring in water used for

drinking purposes. A common error is to believe that boiling water

will clarify it of impurities and thus make it suitable for use in storage

batteries. The only method of purifying water for battery work is

distillation . Distillation will remove metallic salts or metals them

selves if the distilling apparatus is constructed ofmaterials which will

not rust or oxidize.

(3 ) The use of freak electrolytes which may be very injurious.

( 4 ) Using a hydrometer that has been used in Edison or other

alkaline batteries.

(5 ) Presence of oils or greases. These may get into the cell through

carelessness and will cause a rapid drop of capacity .

c. Remedies. - ( 1 ) Pour out the old electrolyte and fill the cell with

water. Charge it for 3 or 4 hours. Replace this water with fresh

water and charge again for about an hour. Again remove the water

and immediately replace with fresh electrolyte at about 1.300 specific

gravity.

( 2) Adjust the specific gravity of the electrolyte after charging the

cell completely.

37 . Loss of active material.- a . Indications and effects. - ( 1 ) It

may be necessary partially to remove the plates from the container to

see the deterioration , but this should be done when there is any sus

picion of loss of active material. The condition may often become

apparent before charging. If the electrolyte seen in a hydrometer

syringe is brown, this indicates active material in suspension which

must have come from the plates.

(2 ) Excessive sediment in the bottom of the cells is the best indi

cator of loss of active material from the plates. The active material

is heavier than the electrolyte and will sink to the bottom of the cell.

Even under ideal conditions, sediment will accumulate in time. It is

a conductor of electricity, and, if not removed in time, will short-circuit

the cell and ruin it.

( 3 ) Other indications of loss of active material are losses in capacity

as discussed in preceding paragraphs.

b . Causes.- (1 ) Age.

( 2 ) Overdischarging causes excessive sulphation . The active mate

rials, if loosened from the grid , fall to the bottom of the cell. This

shedding is hastened by any condition causing abnormal sulphation .

( 3 ) Overcharging, if carried to excess, causes the conversion of the

grid wires into active material. Upon discharge in this condition ,

the grid wires will become sulphated , and since this sulphate is on
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the inside of the plate, it is unlikely that it will ever be converted

back into active material. This conversion of the grid into active

material and thence into sulphate defeats the purpose of the grid

that of supplying mechanical strength and electrical conductivity to

the plate ; the entire structure is weakened and shedding of active

material is hastened. Any loss of active material means a correspond

ing loss of capacity to the cell.

(4 ) When a discharged or sulphated battery is charged at too high

a rate , excessive heat is developed due to the high internal resistance

of the cell. This heat may cause the plates to buckle, thereby placing

a strain upon the active material and allowing it to shed easily (see

fig . 14 ) .

. (5 ) Short circuits cause an intense sulphation ; this sulphate may

eventually become crystallized and can never be completely reconverted

into active material.

(6 ) Chemical processes are always accelerated by heat; thus when

storage batteries are operated at abnormally high temperatures (above

110° F .), the plates sulphate excessively or the grid wires may form

into active material and allow the active material of the plate to loosen

( see par. 6 ) . .

c. Remedies. - ( 1 ) Where the sediment in a cell has accumulated

to the extent that it may short-circuit the cell, the electrolyte and

element should be removed , the container flushed out, and the element

washed with distilled water. If the element is still in good condition ,

it may be replaced in the container with fresh electrolyte of the

proper specific gravity. The cell should then be given a long charge

at a low rate and put through a test discharge at the normal rate .

If sufficient active material has been lost to reduce appreciably the

capacity of the cell, the deteriorated plate groups should be discarded .

It is not unusual to find one group of plates in better condition

than the other, in which case the poorer group should be replaced

and the cell reassembled .

( 2 ) If the battery must be operated in atmospheric temperatures

greater than 110° F ., reduce the specific gravity of the electrolyte

( see par. 6 ) .

38. Overcharging. – a . Indications and effects. — ( 1 ) Buckling of

plates.

( 2 ) Shedding of active materials.

(3 ) Overheating of the elements.

| ( 4 ) Excessive loss of water.

(5 ) Excessive gassing.

(6 ) Excessive sediment.
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(7 ) Conversion of the grid wires to active material. This always

happenswhen overcharging is carried to excess.

b . Causes. - ( 1) Misunderstanding or carelessness on the part of

the handler.

( 2 ) Defective regulating equipment.

C. Remedy. - Prevent repeated overcharge by examination of the

regulating equipment and clear up any misunderstanding on the

part of the attendant as to the proper rate and time of charge.

Consult the directions given with each battery regarding the proper

rate and time of charge.

NOTE. - Occasional overcharging is beneficial but habitual overcharging de

creases the life of a battery.

39. Reversal of polarity . - a . Indications and effects. — ( 1) Loss

of capacity.

( 2 ) If long continued, the plates will be destroyed .

( 3 ) The active material becomes rough or sanded .

In the negative plate, the spongy lead shrinks and becomes

solidified. This condition can best be described by stating that if a

portion of the negative active material is dug out on the point of a

knife , it will feel like fine sand when rubbed between the fingers.

b . Causes. — ( 1) Overdischarging a cell of low capacity in series

with cells of higher capacity . The high -capacity cells will act as a

charger to the low -capacity cell, with the terminals connected in the

wrong direction .

(2 ) Charging the battery in the wrong direction , thus reversing

all the cells. This is the most common cause of reversal of polarity,

and is usually caused by carelessness on the part of the battery

attendants, one battery in a group on charge being incorrectly con

nected . This severely oversulphates the plates .

c. Remedy. - If the reversal has not extended over too long a

period, the plates may be restored to their normal condition by

recharging at normal rates and continuing the charge until the cell

is brought to its normal condition . Care should be taken to prevent

overheating and overgassing. Although the specific gravity may not

rise to its previous maximum , it will attain nearly as high a value,

and can be adjusted after the maximum specific gravity has been

definitely reached .

40. Short circuits. - a . Indications and effects .- ( 1 ) Continued

low specific gravity readings as compared to other cells in the battery.

( 2 ) Lower voltage on charge than other cells in the battery.

( 3) Low open -circuit voltage. This should not be depended upon

too much .
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( 4 ) Low voltage on discharge.

(5 ) Lack of capacity.

(6 ) Heating.

(7 ) Poor color of plates.

b . Causes.— ( 1 Worn -out or defective separators.

( 2 ) Excessive sediment accumulation .

( 3) Defective cell insulation.

( 4) Buckled plates.

( 5 ) Any other condition which causes electrical connection between

positive and negative plates.

c . Remedies. - ( 1 ) Eliminate the cause of the short circuit .

( 2 ) Replace defective parts , or, if too far gone, condemn the bat

tery for further service .

SECTION IV

46

STORAGE AND SHIPMENT

Paragraph

Storage - - - - - - - - - - - - 41

Removal from storage . - - - -

Preparation for shipment

Shipping cases - - -

Oversea shipment- - 45

Unpacking -

41. Storage. - a . Wet. — The only definitely safe way of storing

new or slightly used storage batteries without dismantling is wet

storage. Batteries stored in this mannermust be kept fully charged,

either by a trickle charge applied continuously or by periodic charges.

Distilled water should be added every 2 weeks to replace that lost

by evaporation and electrolysis. Batteries may be stored several

months in this manner and are available for immediate use at any

moment.

b . Moist. - New batteries may be stored moist for a period of from

9 to 12 months (preferably not over 9 months) . The batteries are

fully charged , the electrolyte poured out (it may be stored sep

arately and used again ) ,the cells rinsed two or three times with water

and drained for 15 minutes, and the vents closed and sealed with

paraffin or sealing compound . Once stored in this manner, the bat

teries should not have their vent plugs disturbed until they are to be

filled and charged .

c. Dry. - -Batteries or their parts may be stored dry indefinitely.

The plates are fully charged and dried , and may be stored in their

containers or disassembled and stored separately . Wood separators

are always removed and stored in water or weak electrolyte solution
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( 1 part of 1.200 specific gravity electrolyte to 10 parts of distilled

water ) in a hermetically sealed container. Rubber or spun glass sep

arators may be stored dry. Wood separators cannot be stored dry

since they will be attacked by air and will crack unless kept moist.

42. Removal from storage. - a . Wet. — Batteries on removal

from wet storage are ready for immediate service and need no special

treatment. The electrolyte level and specific gravity should be

checked to be sure of the condition of the battery.

b . Moist. - Batteries which have been stored moist for more than

12 months should be opened and examined for cracked separators.

When separators are in good condition, the battery may be reassem

bled and filled . The procedure for preparing the batteries for service

is the sameas new batteries ( see pars. 17 to 23, incl.) .

c . Dry . — Batteries stored dry must be treated as new batteries on

their initial charge (see pars. 17 to 23, incl.) . Before filling with

electrolyte, examine the plates and separators and replace any not in

good condition .

43. Preparation for shipment. — a . Charged and filled . - Bat

teriesmay be shipped with electrolyte, provided they are fully charged

and the vent plugs sealed . Tags should be attached to the batteries

stating the specific gravity of the electrolyte. When shipped in this

manner, batteries should beused as soon as possible.

b . Charged and moist.– Batteries may beshipped charged and moist

by preparing as for moist storage (see par. 42) . Tags should be

attached stating the specific gravity of the electrolyte to be used .

0. Dry . — Batteries may be shipped dry, either assembled with

spacing boards in place of wood separators, or as disassembled parts.

Batteries using only rubber or spun -glass separatorsmay be completely

assembled except for electrolyte , but wood separators must be shipped

moist. When wood separators are to be shipped overseas or stored

over long periods of time, it is advisable that they be hermetically

sealed in a wooden or hard -rubber container and soaked in water or

weak electrolyte solution. For domestic use, wood separators are

often inclosed in paraffined paper while wet and are not hermetically

sealed . A shipment of separators should not be opened until needed .

44. Shipping cases. — Q . When shipping batteries, a shipping

case should be made of 142-inch lumber, so shaped as to prevent

anyone from tipping the battery over. A space of 3 inches between

the battery and the bottom and sides of the case should be allowed .

This space should be packed with excelsior. Nail strongly. Before

putting on the cover, place a piece of paraffined paper over the top of

thebattery and force a layer of excelsior tightly under the cover as the

37



TM 11-430

44 -47 ORDNANCE DEPARTMENT

boardsare puton . Mark the shipping case plainly, HANDLE WITH

CARE.

b . In addition to the address and destination be sure to mark with

the nameof the shipper for identification on arrival. .

· c . When unfilled or filled batteries are shipped by freight, the

proper classification in the United States is “ Electric storage batteries

assembled ."

d . When filled batteries are shipped by express in the United States,

caution labels marked ACID must be attached to each case .

45 . Oversea shipment. — When shipping batteries overseas or

where salt water is apt to come in contact with them , coat all exposed

terminals, link connectors, etc., with melted paraffin to prevent

corrosion .

46 . Unpacking. – Keep the case and battery right side up when

unpacking to avoid spilling electrolyte. Thoroughly brush off all

dirt and excelsior and examine the case for cracks. Note height of

electrolyte if battery has been shipped wet. If low , fill to proper

height with distilled water and allow to stand for 10 hours; then

inspect again for leakage of electrolyte .

SECTION V

47

CHARACTERISTICS

Paragraph

Special batteries for radio sonde -- - - - -

Table - - - - - - - - - - - - - 48

47. Special batteries for radio sonde. - Special meteorological

batteries, classified as batteries BB -51 and BB -52, are being devel

oped for use with the radio sonde ML- 128. These are designed for

operation at extremely low temperatures ( - 70° C .) ,with extreme light

weight combined with high capacity for 2-hour periods (see fig. 15. )

Due to the extremely small size of the batteries and the necessity of

using very small vent holes for cells to avoid spilling electrolyte, it is

necessary to use a hypodermic needle for filling the cells. The life

expectancy of these types of batteries is approximately 20 cycles of

charge and discharge, the short life being caused by the high specific

gravity of the electrolyte necessary to withstand the low temperatures

encountered when the cells are discharged. This condition exists be

cause of the fact that as the altitude of the radio sonde increases, the

batteries discharge, and at the same time the temperature decreases

( see par. 34 ) .

: a. Battery BB -51. - The battery BB -51 ( see fig . 15 ) is a 3 -cell,

6 -volt, plug-in storage battery designed to deliver 165 milliamperes
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( for tube filament and meteorograph motor) for a period of 2 hours.

The specific gravity of its electrolyte at full charge is 1.350. The

battery weighs approximately 51/2 ounces when filled. Its charging

rate is tentatively set at 165 milliamperes, tapering to 120 milliam

peres in 4 or 5 hours. Because of the very small amount of electrolyte

used , specific -gravity readings are not practicable , and the terminal

v . s. NASORP
SS . SIG

NAL
COR

PS

TYPE BB - 52

GNAL CORP
S

PE BB . 52

U . . Sus ASSOR

M
I
R

!

S . SONA sor

TL-3389

Figurð 15 . - Power supply for radio sonde ML - 128, showing battery BB -51 and 3 batteries
BB -52. ( A cover fits over the batteries and the jack box into which they are plugged .)

U . S . SIGNAL CORPS

TYPE BB - 52

TL - 7788

FIGURD 16 . – Battery BB -52. ( Battery BB -51 is similar in appearance, except that there are
only 6 filler holes, 2 for each cell : and the projections at the right are on the top instead

of on the bottom . )

voltage with normal charging current flowing is taken as an indication

of the battery's condition. At full charge its voltage should be 7.5

volts with normal charging current ( 120 milliamperes) flowing.

b . Battery BB -52. — The battery BB -52 (see fig . 16 ) is an 18 -cell,

36 -volt, plug -in storage battery designed to deliver 15 milliamperes

( for tube plate , at approximately 110 volts , since batteries BB -52 are

always used in groups of 3 ) for a period of 2 hours. The specific
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gravity of its electrolyte at full charge is 1.350. The battery weighs

approximately 5 ounces when filled . Its charging rate is tentatively

set at 15 milliamperes, tapering to 10 milliamperes in 4 or 5 hours.

At full charge its terminal voltage should be 45 volts, or 135 volts for

3 batteries in series , with normal charging current ( 10 milliamperes)

flowing.

48 . Table. — Pending inclusion in the Signal Corps General Cata

log, a list of storage batteries in use or in development is given below .

The charging rates may vary somewhat with batteries of a given type

supplied by variousmanufacturers; however, those given are approxi

mate and will be satisfactory in most cases. In case of discrepancies

in ratings or characteristics between those given in this table and those

given when published in the Signal Corps General Catalog, the Signal

Corps General Catalog will govern.
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Paragraph

General

Types of ranges and drawings therefor.

Number of instruments. .

Apparatus and material.

Lines

Location of terminalboxes.

Terminal record - - - - - - - - - -

Connections of loud -ringing bells . - - - - - - - - -

Tests and repairs prior to practice season .

Dismantling at end of practice season - -

1 . General. — This manual is issued for guidance in the construc

tion of communication systems on three types of small-arms target

ranges. Although itmay be necessary in practice to deviate somewhat

from this manual to meet local conditions, the general scheme should

be followed as closely as possible so that systemsthroughout the Army

will be of the same general type. The arrangements of the communi

cation system to be installed depend upon the type of range, its size

and importance, and upon local conditions which vary for each local

ity. The telephones are used for communication purposes, and loud

ringing bells are installed in the butts for use as signals in rapid firing.

2 . Types of ranges and drawings therefor. - a . There are three

types of target ranges,as follows:

Type Description Drawing

Firing from successive positions over the same ground . .

Target butts in echelon .- - - -

Firing lines in echelon .

5201101

5201102

5201103

b . The drawings listed show all circuit connections and the location

of the cable and apparatus with respect to the target butts and firing
lines.

• This manual supersedes TR 1190- 15 , March 30, 1929.
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c. The above drawings will be furnished by the Chief Signal Officer

upon request.

d . Simplified single line diagrams of the three types of ranges are

shown in figures 1, 2 , and 3, respectively .

e. In figures 1 to 3, inclusive, each single line represents an individ

ual cable pair or pair of twisted wire, unless otherwise indicated .

To additional
burts

Cao

תוחר
TH -H - - - - Targers

0977 Terminal boxs1077
Tinisted pair

om terminal por

OOOOOO bolo to telephones.
Y relephone for from

- 4 to 6 targets .

/ Bell for from 6 - 8 targets.

H coola Note:
Single line denotes
pair of wires.

Diagram taken from

3201101

Post Telephone
Range officer's telephone

- Firing line - 200 yds.
Cad

I telephone for from
4 to 6 forgers.

_ _

- Firing line - 300 yds.
- Twisted poir from terminal

box to relephones

Terminal Box

TL -4088

To additional firing lines.

FIGURE 1. - - Type No. 1 target range diagram , where firing is from successive positions over

same ground.
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Aaditional circuits as required
To additional
butts

Cable

1-1-1-|- - - Targets

Terminal Box
Lo Twisted pair from

terminal box to

00 l Telephone.telephone.

Vrelephone tor from

4 TO 6 Targets.

I bell for from 0 -8 targets.

0

1990

Doblo

Note

Single line denotes

pair of wires

Diagram taken from
52011 D2

-30
0

y
a
r
d
s

-

-20
0

y
a
r
d
s

Cable

Firing Line

Do I telephone for from
4 to 6 targets.

Twisted pair fromterminal Dor to telephones e Post telephone

2 ) Range officers telephone
S

terminal bon
188889e Terminalbox

D Cable

To additional tiring
lines

TL -4089

FIGURE 2 . — Type No. 2 target range diagram , where target butts are in echelon.
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To odditional butts -

Cable de

TEE - - - - - Torgers

57Terminal Box
t w isted porr from

Terminal box to telephone

- 1 Telephone for

boooooSfrom 1-6 targers

0 0 - 0 - Ball for from 6 -8 targets

DO3000

MbCable Note :

Single line denotes

pair of wires

Dragram taken from
5201103

Firing Line 200yds

Post telephone

O P Range officers telephone

Firing Line 300 yas

OOOOO Telephone for from
vou 4 to o forgets.

Terminal Box

Twisted pair

from terminal box to clepnones

Additional circuits as
required - To additional firing lines Th - 4090

FIGURE 3 . - Type No. 3 target range diagram , where firing lines are in echelon .

3 . Number of instruments. - a. One portable telephone will be

provided for not less than four nor more than six targets with an

equal number at the firing lines. The minimum number of targets

per telephone will, in most cases, be found to be more satisfactory

than a large number.

6 . In addition , there will be a range officer 's telephone for admin

istrative purposes at each section of the firing line and at each section
of butt.

· c . It is desirable that at least one telephone be provided at each
firing line and each butt for communication with the post telephone
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system . The various post telephone lines may be party lines with

two or more telephones connected, or they may be individual lines.

The arrangements provided depend upon the facilities available and

the size and importance of the range. The circuit diagrams do not

show a connection to the post telephone system , but this connection

should bemade at the most convenient point.

d . One loud -ringing extension bell will be provided for not less

than six nor more than eight targets in those butts which are used

for rapid firing practice. The loud -ringing bells shown on the dia

grams of the three types of target ranges will be supplied only where

required.

e . It is preferable to have one terminal box for each group of not

more than six telephones, exclusive of the range officer 's telephone

and post telephone, both at the butts and at the firing lines, except

that on the flank of firing lines of type 1 range it may be desirable

to connect more than six telephones to each terminal box. In addition

to terminals for target telephones there will be terminals available

in each terminal box for the range officer's telephone, for loud -ringing

bells (butt terminal boxes only ) , and for connection to the post tele

phone system .

4 . Apparatus and material. — The following types of apparatus

and material will be used in the construction of target range communi

cation systems (see Signal CorpsGeneral Catalog) :

a . Cable. - Signal Corps cables, typesWC- 369 ( 10 pair ), WC-370

(15 pair ) , and WC-371 (25 pair ) , 22-gage, paper-insulated , lead

sheath , double steel tape armor, subterranean cable (used both in the

butts and between the firing points and the butts) .

b . Telephones. — Signal Corps telephones, types EE- 3, EE - 3 - A ,

EE -3 - B , EE - 4 , EE -4 - A , EE - 5 , EE - 8 , or EE - 8 - A .

c . Terminal boxes. — Signal Corps terminal boxes, types JB - 10 ( 10

pair ) , JB - 11 (16 pair ) , and JB - 13 ( 26 pair ), each equipped with a

6 -foot stub, entering either at the top or bottom , as called for.

d . Bells. - Signal Corps bells, type MC- 9 (loud -ringing extension

bells such as used on post telephone systems) , each mounted in Signal

Corps box, type BE -57.

e. Hand generators. - Signal Corps generator, type GN -36, consist

ing of a hand generator mounted in a suitable case .

f. Wire. - Signal Corps wire, type W –50. (Ordinarily used for

extension lines from cable terminals to telephones and bells.)

g . Posts. — Posts for mounting terminalboxes should be about 6 feet

long and be at least 6 inches in diameter. Old telephone poles cut to

the desired length may be substituted. The posts may be cut from
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durable wood obtained locally and should be set approximately 3 feet

in the ground.

5 . Lines. — a . All wires between target butts and firing lines, where

six or more circuits are used , should preferably be in cable . If less

than six circuits are required ,open wire construction is considered suit

able, provided the pole line is located well to the flank and that under

ground construction is used at all points where open wire construction

would be exposed to fire.

b . In estimating the number of pairs required , provision should be

made for one pair between each target telephone in the butt and the

corresponding telephone at the firing line, at least one pair for the

range officer's telephone to be multipled across all butts and firing

lines, and at least one other pair , connected to the post telephone sys

tem , multipled to all butts and firing lines. In the larger ranges,

also where the firing lines or butts are in echelon , and where firing on

the various ranges may take place simultaneously , it may be desirable

to have more than one range officer's telephone circuit and also more

than one circuit to the post telephone system . (See par. 3c.) It will

probably be desirable to make provision for interconnection between

the various range officer's telephone circuits , when desired .

C. Armored cable should be buried not less than 30 inches below the

surface of the ground. All splices should be carefully made using

standard wiped joints and a board placed over each joint for protec

tion . Lead -covered cables to terminals above ground should be pro

tected with rigid metal conduit, if exposed to danger of mechanical

injury.

6 . Location of terminal boxes. — a . Terminal boxes at target

butts should be mounted on the walls in front of the targets and at

convenientheights. From each terminalbox there should be provided

a line of bridle rings through which wire can be run to each telephone

or loud -ringing bell.

b . At firing lines, terminalboxes should bemounted on wooden posts

conveniently located in the rearofthe firing position , except that when

successive firing lines fire over the same ground , as in type 1 ranges,

the posts should be located on the least exposed flank . Distributing

wires from terminal boxes to the telephones are usually laid on the

ground for temporary use only. Care must, therefore, be exercised

to keep them , as far as practicable, out of the way of traffic.

7 . Terminal record . — A terminal record identifying the circuits

for which the various cable pairs are being used should be entered

on the inside of the terminal box cover ( see fig . 4 ). Ordinarily a

white surface is provided in the cover of the box for this information .
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In addition , a complete record of all terminal connections should be

maintained by the post signal officer.

Rapid Fire Bell

Circuit No. 1

12 SP
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cil

Targets 57-60

TL - 4091

FIGURE 4. - Terminal box JB - 11, showing sample butt terminal record .

8 . Connections of loud -ringing bells . — Loud -ringing bells at

any onebutt should be wired in multiple and this circuit should appear

in all terminal boxes in all butts in the same range. It will then be

possible to locate the hand generator set at any terminal box and

connect it to any bell circuit desired. If fewer targets are required

for rapid fire than those normally served by one loud -ringing bell

circuit, the unnecessary bells may be temporarily disconnected at the

bell or terminal box.

9 . Tests and repairs prior to practice season . - a . To insure

that the target range equipment is complete and in condition to give

satisfactory service for the target season, the officer responsible for

this service will cause a thorough test to be made of all equipment,

wire, and cables at such times as will permit the making of needed

repairs before the opening of the target-practice season.
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b . If any material proves defective, a report stating the nature

of the defects, accompanied by recommendations and a requisition for

the necessary supplies, will be sent immediately to the corps area sig .

nal officer in order that the material necessary for the correction of

defects may be provided and remedial action taken before the open

ing of the practice season.

10 . Dismantling at end of practice season . - At the end of the

practice season the communication equipment which can be advan

tageously removed will be stored for protection against theft and

damage by exposure.

(A . G . 062.11 (11-6 - 41) . ]

BY ORDER OF THE SECRETARY OF WAR :

G . C .MARSHALL,

Chief of Staff.

OFFICIAL :

E . S . ADAMS,

Major General ,

The Adjutant General.

DISTRIBUTION :

X .

(For explanation of symbols see FM 21 - 6.)
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* * WASHINGTON 25, D . C ., 28 August 1943.

CHANGES

No. 1 .

: :TM 11 -432, 2 February 1942, is changed as follows:

3 . Major components.

a . Keyer TG - 10 - ( * ) . ( Tone source and keyer combined .)

NOTE. - Because of the basic similarity of Keyers TG - 10 - A , TG - 10 - B ,

TG - 10 - C , TG - 10 - D , TG - 10 - F , and TG - 10 - J, the term “ TG - 10 – (* )” is

used throughout this manual to indicate all such Keyers of the TG - 10 series.

For additional information about Keyers TG - 10 – ( * ), see TM 11 -447.

Keyers TG - 10 – ( * ) and the Lon -Ga - Tone Keyer are made to meet the same

general requirements and are interchangeable in their use.

( A . G . 300. 7 ( 27 Jul 43 ). ) ( C 1, 30 Aug 43.)

4 . Keyer TG - 10 – (* ) . - Keyers TG - 10 - A and TG - 10 - B are

identical both mechanically and electrically except that the TG - 10 - A

is equipped with transformers for 110-volt 25 -cycle operation , while

the TG - 10 - B is equipped with transformers for 110 - volt 60-cycle

operation . Reference will be made hereafter to Keyers TG - 10 – ( * )

to indicate those Keyers of the TG - 10 series noted in para

graph 3 . The Keyer TG - 10 - B * S * in over -all characteristics.

(A. G . 300.7 (27 Jul 43).) (C 1, 30 Aug 43.)

17. Interconnection of units. - a , Switchboard BD -57 - A . - Fig

ures 9 and 10 * * * transmission test table. If Lon-Ga-Tone,

Keyer TG - 10 - (* ) , or McElroy modified model G -813 units are fur

nished, the oscillator -amplifier is connected only to the AUX SWBD

TONE posts. Combinations of Keyers TG - 10 - (* ), McElroy, and

Lon-Ga-Tone units can be used without interference.

( A . G . 300 .7 (27 Jul 43 ) .) (C 1, 30 Aug 43.)

23. Connecting Keyer TG - 10 - (* ) . — The Keyer TG - 10– (* )

can be used wherever the use of the Lon -Ga- Tone Keyer is indicated

in any of the diagramsappearing in this manual. Plug the flexible

* * * chassis marked KEY.

( A . G . 300.7 ( 27 Jul 43). ] (C 1, 30 Aug 43.)

551127° _ - 43
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30 . Keyer TG - 10 - (* ) . — The general instructions given for the

Lon -Ga- Tone unit apply to the automatic Keyer TG - 10 - ( * ) .

To disengage the * * * words perminute .

[A . G . 300.7 (27 Jul 43). ] ( C 1, 30 Aug 43.)

35 . Preliminary adjustment of tone level.

c. Using K’eyer TG - 10 -(* ). — Same as for Lon -Ga-Tone, type 7.

[ A . G . 300.7 ( 27 Jul 43 ).) (C 1, 30 Aug 43.)

39. Keyer TG - 10 - (* ) . – The circuit diagram ofKeyer TG - 10 - B

appears as figure 33 . Circuit diagrams for other Keyers

TG - 10 - (* ) appear in TM 11 -447. A back view of the chassis

of Keyer TG - 10 - B , with the parts marked to correspond with the

wiring diagram , follows as figure 34.

*

a . Functioning of circuit. - The circuit of * * * the 6V6 type .

Circuit details for Keyers TG - 10 - ( * ) are shown in TM 11-447.

[ A . G . 300.7 (27 Jul 43). ] (C1, 30 Aug 43.)

BY ORDER OF THE SECRETARY OF WAR :

G . C .MARSHALL,

Chief of Staff.

OFFICIAL :

J. A . ULIO ,

Major General,

The Adjutant General.

U . . . GOVERNMENT PRINTING OFFICE . 194
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TMENT, O
24 d

CHANGES WAR DEPARTMENT,

No. 2 ) WASHINGTON 25, D . C., 20 April 1944

TM 11 –432, 2 February 1942, is changed as follows:

APPENDIX III (ADDED )

EMERGENCY CODE PRACTICE EQUIPMENT

1. General.- In order that field units and installationsmay give

instructions in transmitting and receiving the International Morse

characters even though the regulation code practice equipment is not

available, information is furnished in this appendix to permit impro

vising equipment. The exercise of ingenuity will produce other

means for improvising equipment. This information , however, is not

to be used as authority to requisition any of the equipmentmentioned .

2 . Sources of tone. - a . A tone source for practice may beobtained

by connecting a buzzer as shown in figure 52. The headphones are

in series, with a capacitor acro« s the coil of thebuzzer. The strength

of the signal in the headphones may be reduced by the use of smaller

capacitors. The buzzer may be made from a doorbell by removing

the gong and clapper. A better tone, and one that is more nearly

identical to the note heard in the radio receiver, may be produced by

the use of a vacuum tube audio-oscillator as shown in figure 53. In

addition to key and headphones , the necessary parts are a grid resistor

and capacitor, tube ( 164G or equivalent) , socket, and audio -trans

former. If the circuit fails to oscillate , one winding of the audio

transformer should be reversed. This equipment can supply power

for only a few head sets , but by use of the oscillator shown in figure 53,

together with a small audio -amplifier,more power can be obtained .

b . In the use of buzzers or oscillator circuits for code practice train

ing, all necessary precaution should be taken to prevent interference

with operational radio equipment.

C . An interference check can be made by the use of a radio receiver

adjusted for maximum sensitivity and located near the training equip

ment and a check of the operational frequenciesmade.

* These changes supersede section II , Training Circular No. 35, War Department, 1943.

582604°44
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BUZZER KEY

.002 MFD.

H

HEADPHONES BATTERY

3 VOLTS.

TL 50441

FIGURE 52. - Buzzer circuit diagram

0 .25 MEG .

0 .01 MFD.T
e
l
e
s

l
e
e
e
e

sw C 22 .5 V

KEY - + HEADPHONES

TL 50442

FIGURE 53. — Simple audio -oscillator,

1. 5 V
KEY -

3 . Telegraph set TG - 5 as source of tone. — Telegraph set TG - 5

may be used as a source of tone and keying for supplying head sets.

Buzzer BZ - 5 may be salvaged from an unserviceable telegraph set

TG - 5 and used in themanner indicated in paragraph 2 .

4 . Instruction . In the absence of sufficient head sets , a loud

speaker may be used for group instruction .

[ A . G . 300.7 (24 Mar 44 ). )

BY ORDER OF THE SECRETARY OF WAR :

G . C .MARSHALL,

Chief of Staff.

OFFICIAL :

J. A . ULIO ,

Major General,

The AdjutantGeneral.

U . S GOVERNMENT PRINTING OFFICE : 1944
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No. 3 WASHINGTON 25, D . C ., 17 Februky 19-45

TM 11-432, 2 Februar 1912 is changed as follows: 1

14. 1 . Code Practice Equipment EE - 94 - B (Added ) . - Figure

5 .1 is a block diagram of Code Practice Equipment EE -91- B for a

school of 20 students. The equipment consists of one switchboard

BD - 57 - ( ) with auxiliary patching board , six Automatic Keyers

TG - 10 - ( ) , one Oscillator V0 - 3 - ( ) , one Recorder BC -791- B , one

Tape Puller MC-310 - B , and various accessories. The physical place

ment of the equipment is similar to that described in paragraph 14 .

NOTE. — This paragraph and paragraphs 14 .2 through 14.4 cover typical installa

tions of Code Practice Equipments EE - 94 - ( ) , EE - 95 - ( ) , and EE - 96 - ( ) . The

components of these equipments will vary with the different models, but the

general arrangements will be similar to the diagrams shown. Official nomen

clature followed by ( ) indicates all models of the equipment.

14 .2 . Code' Practice Equipment EE - 94 - E (Added ). - a . Fig

ure 5 . 2 is a block diagram of Code Practice Equipment EE - 94- E for a

school of 20 students. The equipment consists of one Switchboard

BD - 114, six Automatic Keyers TG -34 - ( ) , one Oscillator V0 - 3 - ( ) ,

one Recorder BC -1016 , and the various accessories. The physical

placement of the equipment will be similar to that described in para

graph 14 .

6 . When using Switchboard BD - 114 , wire the auxiliary switch

board tone to a pair of terminals associated with the auxiliary tone

jacks. Connect the tone to the primary of transformers C69 by in

serting the plug of the white cord into the tone jack to which the

auxiliary tone is wired. To connect the instructor's key and head

set into the circuit, wire the key and headset to a plug. Insert the -

plug into the jack on the front panel.

14. 3. Code Practice Equipment EE - 95 - B (Added ) . - On fig

ure 5.3 the solid lines show the wiring of Code Practice Equipment

EF -95- B for a 40 -man school. The equipment consists of two

Switchboards BD -57 -( ) with auxiliary patching boards, six Auto

matic Keyers TG - 10 - ( ) , one Oscillator VO - 3 - 1 ) , one Recorder

BC -791- B , one Tape Puller MC -310 - B , and various accessories. The

physical arangement of the equipment is similar to that described

in paragraph 14 .

14 .4 . Code Practice Equipment DD - 96 – B (Added ) . - The

dotted lines on figure 5 .3 show the additional equipment required

to convert the EE -95 - B to a EE - 96 - B which is suitable for a 100-man

AGO 338C - Feb. 622703°- 45
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6 . Maintenance and repair. - Clean the aperture * * * is ex

posed thereby . Once a week put 1 drop of Oil, Engine, U . S . Army

Spec.No. 2 – 104B, in the oil ducts of the take-up motor and in the oil

hole at the left end of the puller motor. If the exciter * * * to

the phototube.

39. Keyer TG - 10 - B .

b . Maintenance and repair. - ( 1 ) Lubrication . On units which

have a worm reduction gear on the motor shaft running in an oil

bath , check the oil level weekly and keep the gearcase full of

Oil, Engine, U . S . Army Spec. 2 – 104B. Drain and refill the

case once every 3 months.

( 2 ) On units which have an open helical gear on themotor

shaft, apply a light coat of Grease, Lubricating, Special, Ord

nance Spec. No. AXS-637 at intervals of 1 month or 400 oper

ating hours.

(3 ) Lubricate all shaft bearings with Oil, Engine, U . S .

Army Spec. No. 2 – 104B at intervals of 1 month or 400 operat

ing hours .

( 4 ) For detailed lubrication instructions, see TM 11 - 447

which covers this equipment in detail.

Subparagraphs ( 2 ) to (6 ) , inclusive, are renumbered (5 ) to ( 9 ) ,

inclusive .

41. Automatic Keyer,McElroy Model G -813.

7 . Maintenance and repair. - Clean the aperture .* * * expe

rienced instrument repairman . Once a week place 1 drop of Oil,

Lubricating, Preservative, Special, U . S . Army Spec.No. 2 – 120 ,

in the oilhole located at the top of the rewind. Iftheexciter * * *

soft lead pencil.

44 . Tape Puller,McElroy Model CTP - 1300 .

6 . Maintenance and repair. — Once a day place 1 drop of Oil, En

gine, U . S . Army Spec. No. 2 – 104B in the oil hole on the take-up

spindle and in the oil duct leading to the puller wheel bearing. The

entrance to * * * the puller wheel.

46 . 1 . Switchboard BD - 57 - B (Added ). - a . Functioning of cir

cuit. — The complete schematic of this switchboard is shown in fig

ure 47.1 . This circuit is the same as the circuit for the BD -57 - A

( fig . 47 ) except that the motor alternator, the battery and tone

switches, and the terminals for the master key have been omitted ;

they are not required in code practice equipment. The functioning

of the circuit is covered in paragraph 46 .

AGO 338C
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6 .Maintenance and repair. — See paragraph 45b .

46 .2 . Switchboard BD - 114 - ( ) (Added ) . - a . Functioning of

circuit. - Figure 47.2 shows the complete schematic of this switch

board . The circuit is the same as circuit of the BD - 57 - B shown in

figure 47.1 except for the following points :

( 1) A patching board has been incorporated into the switchboard

unit. (See par. 2, app . I , for a detailed description of the patching

board .)

( 2 ) The potentiometer in the oscillator tone circuit has been elimi

nated ; the same results are obtained by wiring the tone into the ter

minals of the auxiliary tone jacks. The tone is connected to the

primaries of transformers C69 by inserting plug PL 48 of the white

cord into the tone jack to which the auxiliary tone is wired. The

potentiometer in the auxiliary jack circuit acts as the volume control.

( 3 ) The terminals for the instructor's headset and key are brought

out to a jack on the panel. To connect into the circuit , the instructor's

key and headset is connected to a plug.

( 4 ) The auxiliary tone cords have been omitted ; they are not re

quired when a patching board is used .

6 . Maintenance and repair. — See paragraph 45b.
[AG 300. 7 (29 Dec 44 ) ]
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SECTION I. General. Paragraph

Purpose and scope - - - -

Basic equipment requirements . .

Major components .

Keyer TG - 10 - A or TG - 10- B . . - - - -

Automatic keyer, Lon -Ga- Tone, type 7 - - - - - - - -

Automatic keyer,McElroy model G -813, modi

fied . - - - - - - - - - -

Oscillator-amplifier , Amplifier Company of

America, type ACA - 10 - A0 . - - - - -

Automatic keyer,McElroy model G -813

Code practice equipment EE - 81.

Practice tapes- - - - -

Recorder,McElroy model RRD - 900 - - - - -

Reels, motion picture film , 16 -mm , 400 feet - -

Record player for disk records, Columbia

model P . - - - - -

II. Installation for service.

General arrangement of equipment

Instruction tables. - - - - -

Total space requirements. -

Interconnection of units . -

Connecting switchboard BD -57 or BD -57 - A

Input power circuit - - - - -

Connecting oscillator-amplifier ACA -10 - AO . - - -

Connecting automatic keyer, McElroy model

G -813 . . .

Connecting automatic keyer, Lon -Ga- Tone,

type 7 - - - - -

Connecting keyer TG - 10 - B - - - - - - - -

Connecting automatic keyer, McElroy model

G -813, modified . - - - - - - - - - - - - - - 24

Connecting transmission test table using auto

matic keying unit, McElroy model G -813 . - - - 25

- - - -

E

- - - - - -

S

* This manual supersedes TR 1215 - 10 , and Instruction Book for Code Practice Equipment for

Training Radio Operators, February 10, 1941, and supplements thereto.
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SECTION II. Installation for service - Continued . Paragraph

Connecting transmission test table using Lon

Ga- Tone automatic keyer, type 7 - - - - - - - - - - -

III. Operation.

Oscillator -amplifier ACA -10- AO . - - - - - -

Automatic keyer , McElroy model G -813 -

Automatic keyer, Lon -Ga- Tone, type 7 . - -

Keyer TG - 10 - B - - - -

Automatic keyer, McElroy model G -813 , modi

fied . - - --

Recorder,McElroymodel RRD -900 .

Record player, Columbia model P . - - -

Switchboard BD -57 - A - - - - -

Preliminary adjustment of tone level . .

Initiating complete operation - -

IV . Functioning of circuits ; maintenance and repair.

General - - -

Automatic keyer , Lon -Ga- Tone, type 7 .

Keyer TG - 10 - B . . .

Oscillator-amplifier ACA - 10 -AO . -- - - - - -

Automatic keyer,McElroy model G -813.. - -

Automatic keyer, McElroy model G -813, modi
fied . - - - - - -

Recorder, McElroymodelRRD - 900 or R - 900 . . 43

Tape puller, McElroy model CTP- 1300 . . .

Switchboard BD -57

Switchboard BD -57 - A .

Record player, Columbia model P .

APPENDIX I. Changes in switchboards BD -57 and BD -57 - A . - -

II . Material carried on master tapes - - - - - - - - - - - - - - -
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Major components - - -
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Automatic keyer, McElroy model G -813 , modified.
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1 1

-

Automatic keyer, McElroy model G -813 - -

Code practice equipment EE - 81 - - - - - - - -

Practice tapes_

Recorder, McElroy model RRD - 900 _ - - -

Reels, motion picture film , 16 -mm , 400 feet.

Record player for disk records, Columbia model P . - - -

1
1

1 . Purpose and scope. — The purpose of thismanual is to describe

equipment for the training of radio operators in troop and special

service schools. There are included a general description of major

components of this equipment, detailed instructions for its installa

tion and use , and information as to its functioning, servicing, and

repairing.

2. Basic equipment requirements. — The basic requirement in

any school for training radio operators is an audio - frequency oscil

lator of sufficient power to supply tone to a headset for each student

in the school. Associated with this tone source must be a flexible

distribution system whereby the tone supplied to individual headsets

or groups of headsets can be isolated from others. The tone supplied

to each group of headsets must be capable of being keyed at various

speeds. Keying may be accomplished manually , but a great reduc

tion of instructor personnel and more accurate transmissions are

possible if equipment is available for automatically keying the tone

by means of previously prepared tape. Of great assistance in

teaching students to transmit well- formed characters is a recorder

by means of which signals transmitted by them are recorded on a

tape. Use of this prepared tape on the automatic keyer, retransmit

ting his own transmissions to the student who prepared the tape,

points out his errors emphatically. The equipment described herein

fulfills each of the above requirements and is intended for use in

Conducting the course of instruction outlined in TM 11 -454. Figure 1

shows a typical school for 100 students, using the equipment described

in this manual.

3 . Major components. — Themajor components of equipment for

training radio operators in troop schools are as follows:

a . Keyer TG - 10 - A or TG - 10 - B . ( Tone source and keyer com

bined .)

6 . Automatic keyer , Lon -Ga- Tone, type 7 . ( Tone source and keyer

combined .)

NOTE. — Keyers TG - 10 - A and TG - 10 - B and the Lon -Ga - Tone keyer are made

to meet the same general requirements and are interchangeable in their use.
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e . Automatic keyer , McElroy model G -813. This item in com

bination with item d is equivalent to item a , b , or c .

f. Code practice equipment EE -81, less batteries BB -29. (Dis

tributing system .)

g . Practice tapes Nos. 1 to 15 . (Master copies of practice trans

missions, appendix II.)

h . Recorder, McElroy model RRD -900.

i. Tape puller , McElroy model CTP -1300. (Used with item h .)

j. Reels, motion picture film , 16 -mm , 400 feet. (For holding tape. )

k . Record player, for disk records, Columbia model P . (For use

with the record set MC- 209 (radiotelegraph operator aptitude test ) ;

( see TM 11-454 ) .

4 . Keyer TG - 10 - A or TG - 10 – B . — These keyers are identicalboth

mechanically and electrically except that the TG - 10- A is equipped

with transformers for 110-volt 25-cycle operation , while the TG - 10 - B

is equipped with transformers for 110 -volt 60-cycle operation . Re

ference will bemade hereafter only to the TG - 10- B , as comparatively

few of the TG - 10 - A keyers have been manufactured . The keyer

TG - 10- B closely resembles the Lon -Ga- Tone keyer in over-all

characteristics.

5 . Automatic keyer, Lon -Ga -Tone, type 7. — This keyer com

bines a tone source and an automatic electronic keying system . The

tone source consists of an oscillator -amplifier capable of supplying 10

watts ofaudio tone at 800 cycles per second + 10 percent. This keyer

operates from a 110 -volt 60 -cycle source but satisfactory results can

be obtained from a source as low as 90 volts. ( See fig . 2. )

6 . Automatic keyer, McElroy model G -813,modified . — This

unit combines a tone source of considerably lower power output

(about 1 watt) and an automatic keyer, and may be used as a sub

stitute for the automatic keyer, Lon -Ga- Tone, type 7 . Only a

limited quantity has been issued .

7 . Oscillator-amplifier, Amplifier Company of America , type

ACA - 10 - A0. — This tone source is capable of supplying 10 watts of

tone at 800 cycles per second 10 percent. This power is adequate

for supplying tone to 200 headsets. When the number of student

groups being independently keyed on a single tone source exceeds

six , some slight cross -talk between individual groups may be notice

able. In general, troop schools of 40 students require 6 automatic

keyers (see par. 8 ) but only one oscillator-amplifier. The oscillator

amplifier operates from a 110 - volt 60 - cycle source but is capable of

maintaining adequate output at input voltages as low as 90 volts.
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Use of this oscillator-amplifier in installations for which keyer
TG - 10 - B , Lon -Ga- Tone, or McElroy modified model G -813 units
are supplied is generally restricted to furnishing constant tone to
the switchboard BD -57- A which is part of equipment EE -81.
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8 . Automatic keyer, McElroy model G -813. This unit is used

to key automatically the separate tone source provided by the

oscillator-amplifier ACA - 10 -AO . It can key the tone supplied to

one and only one group of students ; hence , for as many groups of

students as it is anticipated will be formed at any one time during

the process of instruction , just as many keyers are required. Keyers

operate from a 110 -volt 60 -cycle source but are capable of keying

satisfactorily at input voltages as low as 90 volts.

9 . Code practice equipment EE -81. — The equipment EE -81

comprises a switchboard BD -57 or BD - 57 - A , 22 hand telegraph keys

J - 38, and 21 double headsets HS- 16. Switchboard BD -57 - A is a

later and improved version of the BD -57. Each unit of equipment

is adequate for handling 20 students ; for each additional 20 students

or portion thereof an additional EE -81 or EE -81 - A is required. By

means of each switchboard , circuits can be set up which group from

1 to 20 students on a single source of keyed tone, permit the instruc

tor to monitor the transmissions, or permit individuals in the group

to transmit to others therein .

10. Practice tapes. — A set of 15 master tapes is made available

to each school. Used in connection with any of the automatic keyers,

these tapes provide for practice transmissions as follows:

Speed per minute

Tape No. Contents

Characters Words

a
n
o

a
n
o
n
o
o
d

Receiving lesson I 1 . .

Receiving lesson II 1 .

Receiving lesson III 1.

Receiving lesson IV 1.

Receiving lesson V 1 .

Letters and numbers in random order .

- - - - -do . - - - - - - - - -

Code groups .

Field traffic

- - -do- - - - 12

15

15 .

15

20

20

1 See TM 11-454 .

These tapes were prepared in such a way, that, regardless of the

speed of transmission in words per minute, the actual characters are
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transmitted at a speed of 20 words per minute when the tape is run
ning by the photoelectric cell at a constant speed of 12 feet per
minute . Thus, on all tapes the speed of the characters is constant
but the characters per foot of tape, and hence the words per minute
transmitted , vary as indicated in the table above. (See app. II.)

11. Recorder, McElroy model RRD- 900 . - By means of this
unit and a separate tone source ( oscillator-amplifier ACA - 10 -AO
or the oscillator-amplifier section only of the keyer TG - 10- B or of
the Lon -Ga- Tone automatic keyer, type 7 ) , practice manual trans
missions by a student can be recorded on a blank tape. Use of the
automatic keying feature also permits the preparation of additional
practice tapes from the master tapes. A switch can be used to facili
tate the interconnection of tone source , automatic keyer, manual
key, and recorder so as to make the recorder installation most flexi
ble . The recorder operates from a 110 -volt 60-cycle source but is
capable of satisfactory recording at input voltages as low as 90
volts. Associated with the actual recorder is a tape puller, McElroy
model CTP - 1300, which pulls the blank tape past the recording
stylus. (See fig . 3.)
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O
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FIGURE 3. - Recorder position. (On lower shelf are two McElroy recorders with associated
tape pullers ; on upper shelf are two Lon -Ga- Tone units. Tapes made on recorders çan
be played back immediately on Lon -Ga - Tonekeyers.)
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12. Reels, motion picture film , 16 -mm ,400 feet. — These reels

hold the practice tapes and are employed in pairs on each automatic

keyer. They are standard film reels and fit the TG - 10 - B , the auto

matic keyers G -813 (both models ), the Lon -Ga- Tone equipment,

and the tape puller used with the recorder.

13 . Record player for disk records, Columbia model P . — This

is a portable phonograph consisting of an electric turntable , a phono

graph pick -up, an audio- frequency amplifier, and a loudspeaker.

It is used for sonic transmission of the radiotelegraph operator apti

tude test from disk records. The speaker can be removed from the

unit and mounted in a location more suitable from an acoustical view

point to permit sonic transmission of the test to a group of assembled

students. The record player operates from a 110-volt 60-cycle source .

(See fig . 4 .)

Note. — The nomenclature, " code practice equipment EE - 94 - A ” has been as

signed to the complete equipment with all accessories except the code practice

equipment EE - 81 and the record player for a school of 20 students. Similarly

" code practice equipment EE -95 – A " and " code practice equipment EE -96 - A ”

have been assigned to those for 40 and 100 student schools, respectively.

FIGURE 4 . — Record player set-up for transmission of radiotelegraph operator aptitude test :

(Speaker (left) is detached from cover of carrying case.)
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SECTION II

INSTALLATION FOR SERVICE

Paragraph

-
14

1

15

I

17

18

19

-- - - - - - 26

General arrangement of equipment.
Instruction tables.

Total space requirements - - - - - - - - -

Interconnection of units .

Connecting switchboard BD -57 or BD - 57 - A

Input power circuit - - -

('onnecting oscillator-amplifier ACA - 10- A0 - - - - - - - -

Connecting automatic keyer, McElroy model G -813 - -

Connecting automatic keyer, Lon - Ga - Tone , type 7 - - -

Connecting keyer TG - 10 - B - - - - - - - - - -

Connecting automatic keyer, McElroy model G -813, modified .

Connecting transmission test table using automatic keying unit, McElroy

model G _ 813 _ - - - - - - - - - -

Connecting transmission test table using Lon -Ga -Tone automatic keyer,

type 7 - - - - - - - - - - - - - -

14 . General arrangement of equipment. — Figure 5 is a block

diagram of a typical equipment lay -out for a school of 40 students,

using six McElroy automatic keyers, an ACA - 10 -A0 tone source ,

a McElroy recorder , two switchboards BD - 57 - A , and various acces

sories. Similar arrangements are obviously possible with Lon -Ga

Tone and keyer TG - 10- B units. The physical placement of equip

ment and tables will vary according to building dimensions. The

student tables should be arranged to allow proper lighting and

sufficient aisle space. The oscillator -amplifier tone source and all

automatic keyers are grouped and located with respect to instruction

tables so that their operation and adjustment will neither interfere

with nor annoy student operators. If space is available , the keyers

should be in a separate room . Each unit of the group is placed so

as to allow easy access to all connections and to facilitate operation

and adjustment of controls. The automatic keyer and the recorder

used formaking practice records and transmission tests are placed on

a table that allows room for the equipment units, table wiring, proper

placement of hand key, and comfortable arm space for the student

and the instructor. The switchboard preferably is mounted at one

end of the table of student positions which it controls. It can be

mounted on the table itself or on a switchboard bracket. A suitable

method ofmounting the switchboard on an instruction table is shown

in figure 6 . When so placed it must be at sufficient height to prevent

the switchboard cords from touching the floor but not so high as to

10
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prevent an instructor, when standing at the switchboard, from seeing

all student positions. Other methods for mounting the switchboard

are feasible, but regardless of the method used , it should be placed

so as to allow easy access to its front for patching circuits and to its

rear for making connections, so that external wiring can be brought

in through the round hole at its right end (when viewed from the

front) .

Student Position No.1

(Switchboard

Switchboard
Bracket

Student
Position

No. 2

TL - 3356

FIGURD 6 . - End assembly of instruction table. switchboard bracket, and switchboard.

15. Instruction tables. - A mess type table measuring 5 feet 2

inches by 24 feet, including seats, will provide 20 student positions and

sufficient space for mounting a switchboard BD -57 or BD -57 - A . The

table top is preferably covered with 316-inch tempered Prestwood, or

equal, to insure a good writing surface. Construction drawings are

given in figures 7 and 8 for a 10 -position instruction table and a

switchboard bracket. Standard sizes and lengths of lumber are

employed in their construction. Wood screws, with all screw holes

countersunk , are employed for the assembly of the table . This con

struction facilitates assembly and disassembly for moving the table

from one room to another or for storage. Two tables can be bolted

together to make a 20 -student table if space permits. If the 10 -posi

tion table is used as a unit, only one switchboard bracket for each two

12



TM 11 -432

*

1
1
0

2 - B =

Es=#::::::::*#

M
a
t
e
r
i
a
l

:

P
i
n
e

,C
l
a
s
s

C ,S
e
l
e
c
t

,S
u
r
f
a
c
e
d

f
o
u
r

s
i
d
e
s

.C
o
m
m
e
r
c
i
a
l

s
i
z
e
s

t
o
b
e
u
s
e
d

w
h
e
r
e

p
o
s
s
i
b
l
e

.

A
s
s
e
m
b
l
y

:

F
l
a
t
h
e
a
d

w
o
o
d

s
c
r
e
w
s

w
i
l
l

b
e

u
s
e
d

t
o
f
a
s
t
e
n

s
e
a
t
s

a
n
d

t
o
p

tot
a
b
l
e

f
r
a
m
e

.

= = = = : : : 8

1
1

1

T
L

- 3
3
6
3

: :

T
o
p

o
f

t
a
b
l
e

t
o
b
e
c
o
v
e
r
e
d

w
i
t
h

3 /16"T
E
M
P
E
R
E
D

P
R
E
S
T
W
O
O
D

.

be divided equally between the two tables.

tables is needed . The 20 -student positions on theswitchboard will then

CODE PRACTICE EQUIPMENT

-6
2
6

1
4
1
6
3
4

6193

E
2
8
3

”– 2
8
4

1
2
8
8

2
8

/3”– 8
3

hogy

15

F
I
G
U
R
E

7.-T
e
n

-p
o
s
i
t
i
o
n

i
n
s
t
r
u
c
t
i
o
n

t
a
b
l
e

.



TM 11-432

16 - 17 SIGNAL CORPS

R
.9-7

E : = = = = = = = =

Material:

Pine, Class C, Select,
Surfaced four

sides. Commercial
sizes to be used

where possible.

Assembly :

Flathead wood

screws will be used!

3/ 4 2 3

4
6
4

-2
5
%

72- 3362

FIGURE 8. — Details of switchboard bracket.

16 . Total space requirements. - Approximately 260 square feet

of floor space are required for each group of 20 students and an addi

tional 12 square feet per keyer, recorder, and oscillator-amplifier. A

code room for 100 students should have approximately 1,500 square feet

of floor space to provide for aisles. A room less than 20 feet wide is

unsatisfactory .

17 . Interconnection of units. — a . Switchboard BD -57- A . — Fig

ures 9 and 10 are block diagramsof an installation for a school of 40

students, using two switchboardsBD -57 - A as the distributing system .

If the McElroy G -813 automatic keyers are furnished , the M and S

terminals are all paralleled to the 1 and 2 posts of the ACA-oscillator

amplifier, to the AUX SWBD TONE posts of the switchboards, and

across to the transmission test table . IfLon -Ga- Tone, keyer TG - 10 - B

or McElroy modified model G -813 units are furnished, the oscillator

amplifier is connected only to the AUX SWBD TONE posts. Combi

nations of keyers TG - 10 - B , McElroy, and Lon -Ga- Tone units can be

used without interference.

14
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Automatic keying unit

Ms Elroy Model6813

' T S

Recorder

Mc Elroy Model
R - 900

Record Player

for disk

reconds

Constant tone
input input cord for keyed tone

Grounded at

tone source
Keyed tone output

to AUX - 1

Transmission test table , using automatic keying unit,
Model 6 -813

Constant tone

- Keyed tone

- - - - - - - - - - - - - - - - - - -

Automatic keyer 1 Recorder Record Player
Konga Tone Type No. McElroy Model for disk

R -900 records

ܘܘܘܘܘ

Input cord for keyed tone |

to UH

To AUX-1 - -
Transmission test table , using automatic keyer, longa - Tone,

Type No. 7 T2- 3360

FIGURE 10 . - Transmission test table diagrams showing use of both McElroy and Lon - Ga

Tone automatic keyers.ton test tahenelacromatil

b. Switchboard BD -57. - This switchboard has only one connection

for outside tone source. Therefore, all students must take the same

keyed tone, or all must practice sending to themselves or to each other

at the same time. This arrangement has serious shortcomings from

the standpoint of progressive instruction . The switchboard can be

rewired to make it the equivalent of the newer BD - 57 - A by following

the special instructions given in appendix I . If the switchboard is

to be used as issued, only one keyer at a time can be connected to each ,

and students of approximately the same speed ability must be assigned

to the respective tables. Figure 11 shows the simple connections of

this switchboard .

18 . Connecting switchboard BD - 57 or BD- 57 - A . - Figure 12

is a schematic diagram of the terminal board on a switchboard

BD -57 - A . This terminal board is an integral part of the switchboard

and is accessible from the rear thereof.

16
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Student Line Terminals
Instructor

O oo oo oo oo oooo 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 AUX -/

ooo

AUX6 AUX- 5

0
AUX

0
dr . A.
AUX - 4

0 0
AUX 2

0 0 0

MASTER KEY AUX SWBD

TONE

- 12V +

TL -3357

FIGURE 12. — Terminal board of switchboard BD -57- A .

a . Student positions. — Mount a key J - 38 at each student position

as shown in figures 6 and 14 . At approximately 1 percent of the

student positions mount the key so as to facilitate operation by left

handed operators ; that is, 12 inches from the left of the student posi

tion and rotated 30° to the left instead of the right. Connect a head

set HS- 16 to each key J - 38 , as shown in figure 13 . Tie the stay cord

on the cord of each headset HS- 16 to one of the terminals on each key

J - 38. Starting at the end of the table nearest the switchboard

BD -57 - A ( see fig . 6 ) and alternating left and right , connect the

student line terminals on the keys J - 38 to student line terminals 1

through 20 on the switchboard BD - 57 - A . Use twisted pair wire

W -33, or equal, for all student lines. Run the wire to each student

position through a small hole in the top of the instruction table located

to the right ofthe key. Cable the wires or group them in cable hooks

under the table. Blake No. 3 insulated staples or equal can be used to

support individual pairs until they are picked up in the cable or rings.

Run the wires (or cable ) through the 11/4 -inch squareholes in the table

braces under the table top as shown in the end view of a 10-position

instruction table (fig . 7 ). Pass the wires ( or cable ) through the

round hole in the right side of the switchboard BD -57 - A .

Line terminals

HS - 16

Key 1 - 38

TL - 3359

FIGURE 13. - Connections of key and headset at student position .
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FIGURD 14 . — Appearance of facing student positions, with student participating in actual
keying practice.

b . Instructor's key.-- Mount a key J -38 for convenient operation by
an instructor at the switchboard BD -57 - A . Connect a headset
HS- 16 thereto as indicated in figure 13. Using twisted pair wire
W -33 or equal, connect the line terminals of the key to the terminals
marked INSTRUCTOR on the terminal board of the switchboard
BD _57- A . This wire can be included in the cable indicated in a
above.
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C. Auxiliary tone cords. - Connect each of the terminals marked

AUX 1, AUX 2, AUX 3, AUX 4, AUX 5 , and AUX 6 to similarly

marked terminals on other switchboards BD -57 - A ( figs . 9 and 12 ) .

The number of switchboards so paralleled is determined from a con

sideration of the number of available automatic keyers and the number

of switchboards to which it is desired to supply keyed tone from a

particular keyer. In 40-student schools when only six automatic

keyers are made available , all switchboards are paralleled . In large

schools, it may be advisable to use terminal strips to provide for in

creased flexibility in the interconnection of switchboards and the key

ers. One pair of terminals on a single terminal strip is provided for

each of the auxiliary switchboard cords on each switchboard , and

on an adjacent strip there is provided a pair of terminals for the out

put of each automatic keyer. Interconnection between strips can then

be made to connect any automatic keyer to any or all auxiliary tone

cords on any switchboard . Jack boards with interconnecting plugs

may be substituted for the terminal strips. Use twisted pair wire

W - 33 or equal in the wiring to all auxiliary tone cords.

d . Master key . — Connect a short piece of jumper wire across the

terminals marked MASTER KEY ( see fig. 12). A master key is not

used in this circuit.

e. Battery terminals. — The terminals marked – 12V + are left open ,

as no battery is required . The motor-alternator mounted inside the

case of the switchboard is not used and may be ignored .

f. Auxiliary switchboard tone. - Connect in parallel, using twisted

pair wire W -33 or equal, the terminals marked AUX SWBD TONE

(fig. 12 ) on each of the switchboards BD -57 - A which are to be sup

plied constant tone from a single source.

19 . Input power circuit. — A decision having been reached as to

the exact location of each tone source, automatic keyer, recorder, and

record player, install a 110 -volt 60 -cycle bus, so that standard outlets

thereon will be readily accessible at the location of each of these units

( see fig . 5 ) . Use a wire of sufficient size to insure good voltage regu

lation over the bus. Each unit requiring power for its operation is

equipped with an input power cord with standard plug . If power

outlets are already available in the instruction room , their location may

influence the location of each of the units mentioned above. In gen

eral, it is better to extend the length of the power input cords on in

dividual pieces of equipment than it is to disperse units in accord

ance with available power outlets.
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20. Connecting oscillator-amplifier ACA - 10- A0. — The ter

minals of the oscillator-amplifier ACA - 10 -A0 are located on the rear

of the chassis and are shown in figure 15 .

Rear View

18

Fuse

Output terminal

Strip
Dr Power input cord ca 500

TL - 3365

FIGURE 15 . -- Terminal board of ACA oscillator-amplifier .

9 ourpur,terminal

a . Power input cord . — When ready for operation , plug the power

input cord into the available outlet on the 110-volt 60-cycle bus (see

par. 18 ).

6 . Output terminal strip . — ( 1) Connect the terminals marked 1

and 2 on the output terminal strip (also marked C and L , respec

tively ) to the terminals marked AUX SWBD TONE on the nearest

switchboard BD-57 – A . Use twisted pair wire W - 33 or equal. This

lead connects the constant tone output of the oscillator-amplifier to

the primary circuits of the switchboards BD -57 - A which were con

nected parallel as indicated in paragraph 18f. Connect the terminal

marked 1 , the common terminal, to ground.

( 2 ) Connect a second twisted pair lead from terminals 1 and 2

on the oscillator -amplifier to the proper relay terminals on each

of the automatic keying units, McElroy model G - 813 , which are to

key the output of the oscillator-amplifier ( see figs. 9 and 16 ) . The

relay terminals are not marked as such on the automatic keyer ;

however, they are properly labeled in figure 1 and the correct wiring

is indicated thereon .

21. Connecting automatic keyer, McElroy model G -813.

The terminals of the automatic keyer, McElroy model G -813 , are

located on the top of the chassis to the right rear adjacent to the relay,

as shown in figure 16 .
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To oscillator-amplifier

Terminals 1 and 2
To other

automatic

keyers

A.c. line cord

Tape puller

O MorkRelay

Tongue

Spoce

AUX2

Th - 3366

FIGURE 16. — Connections to McElroy keyer, model G _813.

a. Power input cord .— When ready for operation , plug the power

input cord , located at the left end of the tape puller chassis, into the

available outlet on the 110-volt 60 -cycle bus. Polarize this plug so

that no difference of potential exists between the chassis of the unit

and ground . No harm will result when the plug is inserted with

either polarization , but with one polarization a slight voltage will

exist between chassis and ground which may be annoying to the

touch .

b . Relay terminals. - ( 1 ) Constant tone input. — Constant tone

input from the oscillator-amplifier is obtained by connecting the lead

mentioned in paragraph 206 (2 ) across the mark and space terminals

(see fig . 16 ) .

( 2 ) Keyed tone output. — Using twisted pair wire W -33 or equal,

connect the tongue and space terminals on successive automatic key

ing units to successive pairs of terminals marked AUX 2, AUX 3,

AUX 4, AUX 5, and AUX 6 on the terminal board of the nearest

switchboard BD -57 - A ( see fig . 9 ) . A systematic numbering of

automatic keying units to conform with the numbering of the

auxiliary tone cords on the switchboards BD -57 - A is desirable .

Connection is made to auxiliary tone cords by means of the terminals

AUX 2, AUX 3,AUX 4, AUX 5,and AUX 6. When more than six

automatic keying units are supplied, the connections described above

may bemodified as indicated in paragraph 18c.

22. Connecting automatic keyer, Lon -Ga- Tone, type 7 .

The terminals of automatic keyer, Lon -Ga- Tone, type 7 , are located

on the rear ofthe chassis and are as shown in figure 17.
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Rear View

tput terminal Strip

Power input coral

TL -3367

Figura 17. — Connections of Lon-Ga- Tone keyer, type 7.

a . Power input cord. — When ready for operation, plug the power

input cord into the available outlet on the 110-volt 60-cycle bus ( see

par. 19 ) .

b . Output terminal strip. - ( 1) Automatically keyed output.

Using twisted pair wire W -33 or equal, connect terminals 1 and 3 of

the output terminal strip ( fig . 17) on successive automatic keyers to

successive terminals marked AUX 2, AUX 3, AUX 4, AUX 5, and

AUX 6 on the terminal board of the nearest switchboard BD -57- A

( see fig . 9 ) . A systematic numbering of automatic keyers to con

form with the numbering of the auxiliary tone cords on the switch

boards BD -57 - A is desirable. Connection is made to auxiliary tone

cords by means of the terminals AUX 2, AUX 3, AUX 4, AUX 5,

and AUX 6 . When more than six automatic keyers are supplied ,

the connections described abovemay bemodified in a manner indicated

in paragraph 18c .

( 2 ) Manually keyed output.— If it is desired that a constant tone

output from the unit be arranged for manual keying,mount a key

J - 38 near the automatic keyer, and connect this key to terminals 5

and 6 on the output terminal strip ( fig . 17 ) .

23 . Connecting keyer TG - 10 _ B . — The keyer TG - 10- B can be

used wherever the use of the Lon -Ga- Tone keyer is indicated in

any of the diagrams appearing in this manual. Plug the flexible

power input cord into the nearest 110 -volt outlet. Take the tape

keyed tone output from the screw binding posts on the right back

edge of the chassis. There are four such posts, marked COM , 4 , 8 ,

16 . The first is the common secondary connection , and the others

represent the different impedance taps. Use the COM post and one

only of the others, depending on how many student positions are to

be fed keyed signals. A few quick trials will determine the best

output impedance. To key the tone output of this instrument by
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hand , connect a key to the posts on the back of the chassis marked

KEY.

24 . Connecting automatic keyer, McElroy model G - 813,

modified . — A top view of the chassis, showing the binding posts, is

given in figure 18 . On the actual instrument, the terminals are not

marked at all, but they are identified by numbers as indicated for

convenience in establishing external connections. This keyer , hav

ing its own tone source, is installed in the same manner as the

Lon -Ga- Tone. Where any of the preceding diagrams show

terminals 1 and 3 , and 5 and 6 , of the Lon -Ga- Tone unit, the same

connections are used to the correspondingly numbered posts of the

modified G -813 unit .

À Key binding posts

Tape Puller

Tape-keyed tone output

30

20

Tape output only

T2 - 33681

FIGURE 18. - Arrangement of binding posts on McElroy keyer, model G - 813, modified .

( Tape-keyed tone output is obtained from posts 1 and 3. If it is desired to use keying

elements only of this unit to key external tone source (as from ACA oscillator

amplifier ) , terminals 2 and 4 are employed . )

25 . Connecting transmission test table using automatic

keying unit, McElroy model G –813. - a . General. — Figure 10

shows a method of interconnecting the automatic keying unit ,

McElroy model G -813 , a recorder, a manual key, and a headset to

provide for transmission tests, for the preparation of additional

practice tapes , or for using the keyed tone output of the automatic

keying unit on the auxiliary tone cords No. 1 of the switchboards

BD - 57 - A . Note that the input cord for keyed tone and not the

local keying posts ( fig . 19 ) is used for connecting the keyed tone

input to the recorder. Note also that on this particular automatic

keying unit the mark and tongue contacts of the relay ( fig. 16 ) are

merely connected in series with the constant tone bus and the

recorder. This method of connection facilitates the play-back of

tapes prepared by students in that no switching is required. The

manual key is connected in parallel with the mark and tongue con
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tacts. A headset HS- 16 is connected in parallel with the keyed tone

input to the recorder. Auxiliary tone cord No. 1 on switchboards

BD -57- A may also be connected in parellel with the input to the

recorder.

6 . Recorder, McElroy model RD - 900. – Figure 19 indicates the

location ofthe terminals of the recorder , McElroy model RD -900.

Rear of Chassis

Input cord for

keyed tone
Power

input

cord

Local keying
Dosts

0 0

Th - 3369

FIGURE 19. --Connections of McElroy recorder .

C. Tape puller , McElroy model CTP -1300. — The only connection

to this unit is the power input cord located on the left side of the

chassis.

d . Power input cords. - When ready for operation , plug the power

input cords ( figs. 16 and 19) into the available outlets on the 110 -volt

60 -cycle buś. Polarize these plugs so that no difference of potential

exists between the chassis of any unit and ground.

26 . Connecting transmission test table using Lon -Ga - Tone

automatic keyer, type 7 - a . General. - Figure 10 shows a method

of interconnecting a Lon -Ga- Tone automatic keyer, a recorder, a

manual key, and a headset to provide for transmission tests, for the

preparation of additional practice tapes, or for using the keyed tone

output of the automatic keyer on the auxiliary tone cords No. 1

of the switchboards BD - 57 - A . The input cord for keyed tone on the

recorder ( fig . 19) is connected directly to terminals 1 and 3 ( fig . 17) on

the automatic keyer. A manualkey is connected to terminals 5 and 6

on the automatic keyer. A headset with standard two-conductor plug

inserted in the jack marked MONITOR on the front panel of the

automatic keyer permits a student to monitor his transmission and

play -back . Terminals 1 and 3 on the automatic keyer also can be

connected to the auxiliary tone cords of the switchboards BD - 57 - A .

b . Power input cords. — When ready for operation , plug the power

input cords of the automatic keyer, the tape puller , and the recorder
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into the available outlets on the 110-volt 60-cycle bus. Polarize the

plugs as indicated in paragraph 25d .

SECTION III

OPERATION
Paragraph

-Oscillator-amplifier ACA - 10 -AO . . .

Automatic keyer,McElroy model G - 813_ --

Automatic keyer, Lon -Ga - Tone, type 7 - - -

Keyer TG - 10 - B - - - - -

Automatic keyer, McElroy model G -813, modified

Recorder, McElroy model RRD- 900 _

Record player, Columbia model P - - - - - - - - - -

Switchboard BD -57- A .

Preliminary adjustment of tone level. -.

Initiating complete operation - - - - - - - -
1
1

27. Oscillator-amplifier ACA - 10 - A0 .— The controls on this

unit are located as shown in figure 20.

Top

Low impedance
output sélector

D
0
0
0

Front

w reshsuiten
Push switch

Pilot light

T6 - 3370

FIGURE 20 . — Oscillator-amplifier chassis controls .

A . Low impedance output selector. – Remove the four screws hold

ing the chassis cover in place and lift cover upward off the chassis .

The low impedance output selector is located on the right side of the

chassis top . Place the pin plug in the connector marked " 4 " for pre

liminary tests. Replace the chassis cover.

b . Push switch. — The oscillator-amplifier is turned on by pressing

in the push switch. When the pilot light is on , the oscillator-amplifier

is turned on ,
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C. Gain control. — The control marked GAIN varies the output tone

level, increasing the level as the knob is rotated clockwise from 0 to 10.

28. Automatic keyer, McElroy model G -813. — The controls

on the automatic keying unit, McElroy model G -813, are located as

shown in figure 22.

a . Mounting practice tapes. — Mount an empty 400-foot reel on the

take-up spindle located on the left of the tape puller unit. Mount

the desired practice tape on the rewind spindle located on the right

front of keying unit so that the tape comes off the bottom of the reel,

i. e ., the inked side of the tape is up. Lift the lamp house and tape

guide upward and lay the tape over the aperture bar and replace the

tape guide. Slip thetape toward the practice tape reel until the end

of the tape is just to the right of the aperture in the aperture bar

( see fig . 21) . Move the aperture bar so that the aperture is directly

stope guide

Top inked line

tape

Aperture 1 taperture bar

T2 - 33.71

FIGURE 21. - Adjustment of photoelectric cell aperture on McElroy automatic keyer.

opposite the top inked line where a dot or dash is made. As the tape

is drawn over the aperture the light from the exciter lamp is inter

rupted by the inked dots and dashes. Lower the lamp house into

position . Thread the tape around the guide and puller, then onto the

take-up reel as shown in figure 22. This tape path gives the best

pulling action . No other should be used.

b . Controls. — ( 1 ) Keying unit line switch . — The automatic keying

unit is turned on by an upward movement of the toggle switch located

near the rear on the right end of the chassis. Operation of this

switch turns on the exciter lamp located in the lamp house and sup

plies power to all vacuum tubes in the unit. This switch should be

operated 20 to 30 seconds prior to initiating complete operation of

the unit so as to permit tubes therein to warm up .
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switch should be in its forward position and the speed control rheo

stat located on the left end of the tape puller should be set at 5 . After

the motor has started , throw the speed control toggle switch to the

rear and adjust the speed control rheostat for desired speed . A clock

wise rotation of the speed control rheostat increases the motor speed .

The tape puller motor should be operated for approximately 15 min

utes prior to initiating complete operation of the unit so as to allow

it to reach a constant speed . The motor should be operated for this

period of time prior to insertion of the tape as indicated in a above

More constant speeds are obtained with the speed control toggle

switch in its rear position. The switch is left in its forward position

only for starting and for very high speeds.

( 3 ) Photoelectric cell bias. — The knob control marked " photo

electric cell bias" in figure 22 is adjusted to obtain clean keying.

Initially set this control between 1 and 4. If the adjustment of the

aperture as indicated in a above has been incorrectly made there will

be no setting of this control which will result in proper keying. If

this is the case recheck the aperture adjustment.

c. Relay model 3A . — The relay model 3A located at the rear of the

keying unit should be adjusted only by experienced instrument re

pairmen . Under normal operating conditions it should require little

attention. If clean keying does not result after proper adjustment

of the aperture and photoelectric cell bias, the relay should be ex

amined through its glass cover . If maladjustment is noted remove

the relay from its plug - in socket and replace with a spare relay

properly adjusted .

29. Automatic keyer, Lon -Ga- Tone, type 7 . — The controls on

the Lon -Ga- Tone automatic keyer, type 7 , are located as shown in

figure 23.

A . Mounting practice tapes. — Mount an empty 400- foot reel on the

spindle indicated in figure 23. Mount the desired practice tape reel

on the spindle of the rewind located on the right of the front panel.

The rewind is hinged to the panel so that it can be moved away from

the panel to facilitate the mounting of the reel. This reel is mounted

so that the tape leaves the bottom of the reel, for example, so the

inked side of the tape is upward. The tape is passed under the

guide, through the track in the photoelectric cell house, between the

idler and puller wheels, into a slot on the hub of the empty reel

mounted as indicated above. To relieve the tension on the tape

between the idler and puller wheel, pull out and upward on the

knurled knob on the idler wheel shaft. This locks the idler wheel

arm in a position that allows the tape to be pulled between the two
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wheels for rewind purposes as well as for threading the tape between

the wheels. To disengage the idler wheel arm from its raised posi

tion, push in on it, and the idler wheel will drop onto the tape into

its pulling position .

Lamp house

Spindle Idler
Idler Track

Guide
Tade

Puller wheel on Photoelectric

cell housing
MAIN

Off on Rewind
KEY TAPE

Pilot VOLUME MONITOR
MOTOR

off Oon ©
ONITOR

Speed PEČ BIAS

TL - 3373

FIGURE 23. - Front-panel controls of Lon -Ga -Tone keyer.

6 . Controls. - ( 1 ) Main switch . — The toggle switch marked MAIN

controls the 110 -volt 60 -cycle supply . When the switch is thrown

to the ON position , the pilot lamp, the exciter lamp in the lamp house,

and all vacuum tubes are turned on .

(2 ) Speed control. — The control knob marked SPEED varies the

speed of the tape puller, hence the speed of the tape passing the light

beam . A clockwise rotation of the knob gives an increase in speed .

The knob is turned so that it points to the letter “ S ” in the word

INCREASE for starting speed . Immediately after the motor switch

is turned to the ON position , and the tape reels have started , the

speed control is adjusted for the desired keying speed . The puller

will not properly start the reels at low tape speed .

(3 ) Motor switch. — The toggle switch marked MOTOR controls

the 110-volt 60 -cycle supply to the tape puller and take -up motors.

This switch is not turned on until the speed control has been adjusted

for starting as explained in ( 2 ) above.

(4 ) Key- tape switch . For automatic keying from the tape, the

toggle switch is thrown to TAPE position. For manual keying, the

toggle switch is thrown to KEY position , and the key J -38 connected

as explained in paragraph 226 (2 ) is used.

( 5 ) Monitor. — The jack marked MONITOR is used for headset

monitoring of the automatic or manual keying. A headset HS-4 ·

with plug PL -48 is used . Plugging into themonitor jack does not

affect the output of the automatic keyer.
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(6 ) Volume control. — The screw driver controlmarked VOLUME

controls the output level of the keyed tone. A clockwise rotation in

creases the tone level. Move this control to the left as far as possible ,

then move clockwise until the screw driver slot is vertical (18 to 14

of a turn ) and leave in this position for preliminary tests.

( 7 ) Photoelectric cell house aperture and PEC.BIAS.— Turn PEC

BIAS knob so as to point toward the volume control. Pull the

sliding barrel with knurled top outward as far as it will go , then

push inward gradually until the small square aperture comes under

the lower line of the inked tape as shown in figure 24. It is im

portant to note that while the same practice tapes are used in both

the McElroy and Lon -Ga- Tone keyers, the adjustments of the aper

tures are different. The McElroy unit keys on the inked sections of

the tape; the Lon -Ga- Tone on the uninked sections. This adjust

Is Photoelectric cellhousing

Tape
i Aperture

Sliding barrel

WE

T6 - 3374

FIGURE 24. - Correct adjustment of tape in relation to aperture of Lon -Ga- Tone keyer.

ment is best accomplished by slipping the tape end to the right of the

track and watching the inward motion of the aperture. After thread

ing the tape, throw the main switch to the ON position and , after 30

seconds, themotor switch to the ON position . The PEC BIAS knob

is slowly rotated counterclockwise until keying is heard in the moni

toring head set. Slight adjustments of the sliding barrel and the

PEC BIAS knob will give proper keying.

30 . Keyer TG - 10 – B . — The general instructions given for the

Lon -Ga- Tone unit apply also to the automatic keyer TG - 10 - B . To

disengage the puller roller , when threading on a tape, push it to the

right, and it will stay open . To reengage it, raise the puller idler

and the assembly will snap back into position. Figure 25 shows a
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general front view of the TG - 10- B , with a tape in correct position .

Of the front-panel controls, the tape speed , monitor, volume, and

bias functionsare exactly the sameas in the Lon -Ga- Tone. However ,

the power control is different. This is a three -position rotary switch ,

with the positionsmarked OFF, KEY, and TAPE. In the first or

OFF position , the entire apparatus is dead. In the second or KEY

position , the oscillator-amplifier section is turned on , and the hand

key controls the tone output; both the puller motor and the exciter

lamp are inoperative. In the third or TAPE position , the motor

and the lamp are turned on in addition to the oscillator-amplifier ,

and the unit then functions as a full automatic tape keyer. The

numbers on the tape speed dial indicate the number of feet of tape

per minute, not words per minute .

31. Automatic keyer , McElroy model G - 813, modified. — .

General. — The adustments and controls of this equipment are shown

in figure 26 . Themodel G -813,modified , closely resembles the model

G - 813 as described in paragraph 28. The identical tape mechanism

is used on the keyer itself , and the tape puller differs only in that

the auxiliary speed control switch found on the G -813 is not present.

All instructions regarding the threading of the tape, the adjustment

of the various guides and spindles, as given for the G -813 , apply as

well to the G -813 modified .

b . Controls. - ( 1 ) Line switches. — The line switch Si, which is

mounted on the back of the keyer chassis, is left in the ON position ,

and the keyer circuits are controlled by switch S2 mounted on the

case of the tape puller. As supplied by the manufacturer, the

keyer and the tape puller are already wired together, and a single

110 -volt plug provides power for both units.

( 2) Bias control. — This is adjusted as described in paragraph

28b ( 3 ) .

( 3 ) T'one frequency control.— This is located on the back edge of

the chassis. Adjust it for a pleasing signal, and then leave it alone.

( 4 ) Manual keying. – Two binding posts for a manual key are

provided on the back edge of the chassis. Normally , these are kept

short -circuited by a brass strap, as there will be little occasion to

hand-key the output of the instrument directly at the position at

which it is mounted .

(5 ) Monitoring. - A monitoring jack is mounted under the bind

ing posts on the right side of the chassis. A pair of phones can be

plugged into it without affecting the keyed output.

ooh ( 2 )
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Power cond

switch

post

Tone frequency Switch S-1
coritrol

Key binding AN

Motor
Keyer oscillator

s switch S -2
Ground

binding

KEYER -OSCILLATOR

Motor
TAPE - PULLER Lamp housing

Phone jack torheostat

Keyed tone 1
Power Spindle for output

cord reel of tape +

Rewind

Guides and spindles gears from
of tape -puller

Proto-electric D Tape keyed )
Th -3375 cell bias control . output alone

FIGURË 26 .- -Arrangement of essential parts and controls of McElroy keyer , model 6 –813,
modified

( 10

20

74 0

(6 ) Relay. — The keying relay is mounted on the underside of the

chassis. This is not adjustable, and is not likely to give trouble

during the normal life of the equipment.

32. Recorder, McElroy model RRD - 900 . - Adjustments and

controls on the recorder, McElroy model RRD - 900 , are located as

shown in figue 27.

a . Mounting blank tapes. — Place a standard roll of 38-inch un

gummed tape on the tape plate so that the tape will feed to the left

from the back of the tape plate. Thread the tape around the back

of guide 1 , the back of guide 2 , the front of the tape roller, and the

back of guide 3. Pull enough tape from the roll to reach the tape

puller associated with the recorder . This tape puller should be so

mounted that guide 3 is lined up vertically and horizontally with

the top guide on the tape puller (see fig . 22 ) . Rotate the tape a

quarter turn so that the top side of the tape over the latter guide is

that on which the stylus of the recorder operates. Thread the tape

through the tape puller as shown in figure 22. It is inadvisable to use

a take-up reel on the puller while a tape is being prepared, particu

larly so if the tape puller is mounted adjacent to the recorder. Ink

is likely to smear on adjacent turns of tape. Furthermore, if the

tape is taken up while recording, a rewind operation is required.

A more suitable practice is to allow the inked tape to feed off the

puller into a waste basket or other receptacle on the floor, and if

required , to rewind the tape therefrom upon completion of a record
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ing. A rewind of a student transmission test tape is seldom re

quired as this short tape may be fed directly into an automatic

keying unit.
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6 . Recorder controls. — ( 1 ) Line switch. - An upward movement

of the toggle switch located on the right front of the chassis supplies

power to the recorder . The filaments of the vacuum tubes therein
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should light. A flash may be observed within these tubes which is

characteristic of the tubes employed . Allow 30 seconds for warming

up of tubes prior to initiating operation of the recorder.

( 2 ) Change-over switch .- A change-over switch , located on the

left front of the chassis , controls the input to the armature coil of

the recorder mechanism . Since use of the local keying posts on the

rear of the chassis is not recommended , this switch may be used

as the off- on switch of the recorder output circuit . An upward

movement connects the armature coil to the output of the recorder

amplifier. When it is desired to keep the recorder warm but to

maintain it in an inoperative condition , leave this switch in its down ,

position .

c. Ink supply. — Loosen the inkwell locking screw and lower the

inkwell to its lowest position. Remove the top of the inkwell and fill

the well about three-fourths full with Higgins Eternal black ink, or

equal. Replace the inkwell top .

d . Adjustments. — ( 1 ) Lower armature stop.— Turn the tape roller

adjusting screw in a clockwise direction (when viewed from the

front of the recorder) until the stylus just leaves the tape. Loosen

the lock nut on the lower armature stop. Adjust the stop until

the bottom of the stylus is about one-third way up the tape. Tighten

the lock nut.

( 2 ) Upper armature stop . - Loosen the lock nut on the upper

armature stop . Adjust this stop until the travel of the armature

between its upper and lower stops is 18 inch . Tighten the lock nut.

( 3 ) Armature spring tension .- --Loosen the lock nut on the arma

ture spring adjusting screw . Adjust this screw until the armature

is firmly held against the lower armature stop by the tension in the

armature spring. Tighten the lock nut. This adjustment is not

critical butmay require readjustment after operation of the recorder

is initiated in order to effect clean keying.

( 4 ) Ink adjustment. - Rotate the tape roller adjusting screw in

a counterclockwise direction (when viewed from the front of the

unit ) until the tape just makes contact with the stylus. Loosen

the inkwell locking screw and raise the inkwell until the level of the

ink therein is about 1 inch above the stylus. Tighten the locking

screw . Pull the tape by hand slowly by the stylus. A solid black

line should be recorded about one-third of the way up the tape. If

this line is not smooth and solid , move the tape roller adjusting

screw in a counterclockwise direction so as to increase slightly the

pressure between the stylus and the tape roller . If no line is re

corded , the stylus may be clogged. If this is the case , lower the ink
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well and remove the ink hose from the stylus. By means of the

tape roller adjusting screw , move the tape roller away from the

stylus. Insert a fine wire in the ink hose end of the stylus and

remove any obstructions therefrom . Replace the ink hose, raise the

inkwell to the proper level, and readjust the tape roller against the

stylus by means of the tape roller adjusting screw .

33. Record player, Columbia model P . — The control marked

VOLUME should be turned completely to the left prior to plugging

the input power cord into a 110 -volt 60- cycle outlet. The desired

disk record is placed on the turntable , and the 110-volt 60-cycle

supply is turned on by turning the knob marked VOLUME to the

right. The initial movement operates a switch in the 110-volt 60

cycle supply ; the remainder of the clockwise rotation increases the

speaker volume. The needle held in the pick -up head is lowered

gently into the outermost groove in the record . The tone control

is adjusted for the reproduction quality desired . When the tone

control is turned to the left, bass is accentuated ; when turned to

the right, treble is accentuated . For use in a large room the speaker

compartment is removed by sliding it to the left so as to disengage

the hinges. A hook is provided on the speaker compartment for

use in hanging the speaker on a wall. The wall gives baffle effect to

the speaker, resulting in better tone reproduction and sound direc

tion for large rooms.

34 . Switchboard BD - 57 - A . - a . General. Figure 28 shows the

jack field and the cords of the switchboard BD -57 - A . The red cords

indicated thereon are the auxiliary tone cords which furnish the

keyed tone output of the automatic keyers for use at the switchboard .

The black cords are student cords and hang directly under the student

jacks with which they are associated . They are used for intercon

necting student positions for various purposes. The white cord is the

instructor's cord and is used for monitoring transmissions or for

manually keying to students from the switchboard BD -57 - A . This

switchboard permits the establishment of circuits to its student posi

tions so as to furnish groups of students with the following

instruction :

(1 ) Practice transmissions by each student which are monitored

only by that student.

( 2 ) Grouping of all or several of the students into a net so that

a transmission by any one of the students is received by all students

in the group . This is subsequently referred to as net operation .

( 3 ) Grouping of all or several of the students so as to receive

keyed tone from any one of five automatic keyers.
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(4 ) Grouping all or several of the students so as to receive signals

from a radio receiver or from the automatic keyer associated with a

recorder on the transmission test table .

b . Individual student keying. – When constant tone is supplied to

the switchboard BD - 57 - A and none of the plugs is inserted into any

jack , every student connected to the switchboard receives constant

tone as long as his key J –38 is closed . Opening the switch on his

key permits any student to key this tone and to monitor his trans

mission independently of any other student.

C. Net operation . - Assume that it is desired to interconnect the

student at position No. 1 with the student at position No. 5 in order

that each may transmit to the other. Insert the plug associated

Supervisory or AUX tone jack

STUD X TO0000 0 0 OSO O O O O O 0 0 0

0000 0 OGO POOO0000

Red Black Red Red Black White

Auxiliary Instructor
cond

tone cord

No. H - - - - - - - - - - - - - - - - - - - - - -

Auxiliary
Auxiliary

tone cord Naz tone cord No.6 |
T T2 -3377

- - - - - - - - - - - - - - - - - - Student Cord No20Student cord No 7

FIGURE 28. -- Jack and cord arrangement of switchboard BD -57- A .

with student position No. 1 into jack No. 5 of the row of jacksmarked

STUDENT JACK FOR SWBI) TONE. Insert the plug associated

with student position No. 5 into jack No. 1 on the row of jacks

marked STUDENT JACK FOR SWBD TONE . The students at

positions Nos. 1 and 5 are now connected in series and either may

transmit to the other as long as the other's key is closed . Such a

transmission is interrupted when the receiving student opens his

key. Assume that it is desired to interconnect all students for net

operation . Insert the plug associated with student position No. 1

into jack No. 2 of the row of jacksmarked STUDENT JACK FOR

SWBD TONE. Insert the plug associated with student position

No. 2 into jack No. 3 of the row of jacksmarked STUDENT JACK

FOR SWBD TONE. Proceed in a similar manner until the plug
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associated with student position No. 19 has been inserted in jack No.

20 of the row of jacks marked STUDENT JACK FOR SWBD

TONE. Insert the plug associated with student position No. 20

into jack No. 1 on the row of jacks marked STUDENT JACK FOR

SWBD TONE. All students are now connected in series and as long

as the keys of all other positions are closed ,any student may trans

mit to all others. If any other key is open , the transmission is

interrupted.

d . Reception of automatically keyed tone. - Assume that it is de

sired to furnish the student at position No. 1 with keyed tone from

the automatic keyer No. 2 which is associated with the auxiliary

tone cord No. 2. Insert the student cord associated with position

.No. 1 into jack No. 1 on the row of jacksmarked STUDENT JACK

FOR AUX TONE. Insert auxiliary tone cord No. 2 into jack No. 1

on the row of jacks marked SUPERVISORY OR AUX TONE

JACK . The student at position No. 1 will now receive the keyed

tone output of automatic keyer No. 2 . Assume that it is desired to

connect the students at positions Nos. 1 and 5 on the keyed tone

output of automatic keyer No. 2. Insert the plug associated with

student position No. 1 into jack No. 5 on the row of jacks marked

STUDENT JACK FOR AUX TONE. Insert the plug associated

with student position No. 5 in jack No. 1 of the row of jacks marked

STUDENT JACK FOR AUX TONE. Insert the auxiliary tone

cord No. 2 into jack No. 1 or No. 5 on the row of jacks marked

SUPERVISORY OR AUX TONE JACK. The students at posi

tions Nos. 1 and 5 may be connected as indicated above, while other

students remain interconnected as indicated in c above for practice

transmissions. Assume that it is desired that all students receive

the keyed tone output of automatic keyer No. 3 . Insert the plug

associated with student position No. 1 into jack No. 2 on the row

of jacks marked STUDENT JACK FOR AUX TONE. Insert

the plug associated with student position No. 2 into jack No. 3 on

the row of jacks marked STUDENT JACK FOR AUX TONE.

Proceed in a similar manner until the plug associated with student

position No. 19 is inserted in jack No. 20 on the row of jacks marked

STUDENT JACK FOR AUX TONE. Insert the plug associated

with student position No. 20 into jack No. 1 on the row of jacks

marked STUDENT JACK FOR AUX TONE. Plug the auxiliary

tone cord No. 3 into any one of the jacks on the row of jacks marked

SUPERVISORY OR AUX TONE JACK.

e. Reception of other signals. - Auxiliary cord No. 1 may be used
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to introduce into the switchboard BD -57- A the output of a radio

receiver or the keyed tone output of the automatic keying unit asso

ciated with the recorder on the transmission test table . When so

used, circuits for receiving the output of these units are set up in a

manner identical to that described in d above, except that auxiliary

switchboard tone cord No. 1 is used .

f. Monitoring operations. — When it is desired to monitor the trans

mission on any student line, insert the instructor's white cord into

the jack on the row of jacks marked SUPERVISORY OR AUX

TONE JACK which is associated with the student's line. The signal

which is present in the line actuates the headset HS- 16 associated

with the instructor's position at the switchboard BD - 57 - A . If

several students are interconnected for the reception of a single

transmission , a jack on the row of jacks marked SUPERVISORY

OR AUX TONE JACK which is associated with any one of the

student positions may be employed. When the instructor's cord is

inserted in a jack , the switch on the key J - 38 at the instructor's

position should be closed .

g . Panel controls. - ( 1 ) Potentiometer. - Mounted at the right side

of the front panel is a potentiometer by means of which the volume

level of constant tone which is supplied to students for individual

keying or for net operation may be adjusted.

(2 ) Battery switch. With the equipment described herein the

switch marked BATTERY is not used. Leave it in the OFF

position .

( 3 ) Switchboard tone switch. — The switch marked SWBD TONE

as used with the equipment described herein is an off-on switch for

the constant tone supplied to the switchboard. When rotated to the

right (to AUX ) , constant tone is supplied to the switchboard from

the external oscillator -amplifier. Rotation to the left (to GN -33 )

opens the constant tone circuit.

35 . Preliminary adjustment of tone level. — a . Using auto

matic keyer, McElroy model G -813.- ( 1 ) Patch a circuit on a switch

board BD -57 - A which will permit each student position connected

thereto to receive the keyed tone output of automatic keyer No. 2

( see par. 34) .

( 2 ) Turn on the oscillator -amplifier ACA - 10 -AO. Set the control

marked GAIN at 5 ( see par. 27) .

( 3 ) Mount a practice tape on automatic keyer No. 2. Turn on

the automatic keyer and adjust for clean keying (see par. 28 ) .

( 4 ) Note the keyed tone level at any one of the student positions.
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Adjust the oscillator -amplifier low impedance output selector ( fig . 20 )

by connecting successively to terminals 4, 8 , 12, and 16 until a suitable

level of keyed tone is noted in a student headset. A suitable level

will be produced by an output of 3 .5 to 7 volts, as measured at a

student position with an output meter. The oscillator -amplifier has

a rated audio output of 10 watts, which is more power than is needed

for the largest contemplated school ; therefore, the choice of terminals

on the low impedance output selector will not be critical. The low

est impedance output that will give a comfortable signal under max

imum load conditions is used . The 500 -ohm termination on the

oscillator-amplifier should never be used as it would give a voltage

that would cause serious inductive trouble in adjacent circuits.

(5 ) Mount a blank tape on the recorder, McElroymodel RRD -900.

Adjust the recorder for proper operation (see par. 32) .

(6 ) Operate the manual key at the transmission test table. The

tone level adjustment effected in (4 ) above should be adequate to

effect clean recording. If not, readjust the low impedance output

selector on the oscillator-amplifier ACA - 10 -A0 until satisfactory

recording is accomplished.

(7 ) With a permanent adjustment made as indicated above, ade

quate variation in tone levels to conform with major load variations

is accomplished by means of the control marked GAIN on the

oscillator -amplifier.

(8 ) With the tone level set as indicated above, variation in the

level of constant tone supplied to students for individual keying or

for net operation may be accomplished by means of the control

marked POTENTIOMETER on the switchboard BD -57 - A .

b . Using automatic keyer, Lon -Ga- T'one, type 7. - ( 1 ) Patch a

circuit on a switchboard BD -57 - A which arranges all student posi

tions for net operation ( see par. 34 ). Set the control marked PO

TENTIOMETER approximately at the center of its range. Turn

the switch marked SWBD TONE to AUX.

( 2 ) Turn on the oscillator-amplifier ACA - 10 -A0. Set the con

trolmarked GAIN at 5 ( see par. 27) .

( 3 ) Operating a key at a student position , note the keyed tone

level in the headset. Adjust the oscillator-amplifier low impedance

output selector ( fig . 20 ) by connecting successively to terminals 4 ,

8, 12 , and 16 until a suitable level of keyed tone is noted (see a (4 )

above) .

(4 ) Adjustment of the keyed tone output level from the Lon

Ga- Tone automatic keyers is accomplished individually on each
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tar

keyer. Utilizing the output terminals, adequate variation in output

level for all major changes in load is accomplished on the control

marked VOLUME.

C. Using keyer TG - 10 - B . - Same as for Lon -Ga- Tone, type 7.

d . Using automatic keyer, McElroy model G -813,modified . — This

unit is employed in the same manner as the Lon -Ga - Tone. How

ever, it contains no volume control of its own, and its full output is

used at all times . This will cause no discomfort in the ears of stu

dents, as the actual output is very much lower than that of the Lon

Ga- Tone keyer or that of the ACA Oscillator-amplifier when the

latter is keyed by the G -813 keyer alone.

36 . Initiating complete operation . — a . Automatic keyers (see

fig . 9 ) . - ( 1) Check to see that adjustments on all units have been

made as previously indicated .

( 2 ) Turn on all tape puller motors about 15 or 20 minutes prior

to the hour at which instruction is to be initiated . A practice tape

should be mounted on each Lon -Ga- Tone automatic keyer in order

that a load be maintained on the take-up motor.

( 3 ) Patch desired circuits on switchboards BD -57 - A .

(4 ) About 5 minutes prior to the hour instruction is to be initi

ated , adjust the speed of each tape puller so that 12 feet of tape per

minute pass the aperture, that is, the speed of the tape is 12 feet

per minute. This is the tape speed which must be maintained in

order to transmit the actual characters from all practice tapes at a

speed of 20 words per minute. Tape speeds can be checked by count

ing the number of characters transmitted per minute and comparing

the count with data as to the words-per-minute speed which are

furnished with these tapes ( see par. 10 ) . A more accurate speed

determination may be made by a speed measurement with a tach

ometer equipped with a calibrated wheel. If the latter instrument

is not available a map measurer and a stop watch may be substituted .

(5 ) About 2 minutes prior to the hour instruction is to be initi

ated , shut off the tape puller motors and rewind all practice tapes used

during the warm -up period. Remove the tape from all guides and

from the puller wheel during this operation . Also remove the

spring belt from the take-up spindle on the McElroy tape pullers.

(6 ) Mount the desired practice tape on each automatic keyer.

Turn on the oscillator-amplifier and all keyers. Check the tape speed .

( 7 ) After instruction is initiated , check tape speed at 5 -minute

intervals for the first 15 minutes and hourly thereafter.

(8 ) Each reel of practice tape is designed for about 1 hour of
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transmission . When transmission from each tape is completed ,rewind

tapes as indicated in ( 3 ) above, and repeat operations (6 ) and ( 7 ) .

6 . Transmission test table (see fig . 10) . - ( 1 ) Check that the ad

justments on all units have been made as previously indicated.

(2 ) Turn on tape puller motors about 20 minutes prior to the

hour at which recording is to be initiated . About 5 minutes prior

to the hour at which recording is to take place, adjust the speed of

the tape pullers as indicated in a ( 4 ) above.

( 3 ) Turn on the line switches on the recorder and on the McElroy

automatic keying unit. Shut off the tape pullers. Mount a blank

tape and thread it through the recorder and onto the tape puller.

(4 ) To record a student's practice transmission , start the take

puller and allow about 4 feet of tape to feed through the puller.

This portion of the tape is used as a leader for subsequent play -back .

The student's name and other pertinent data are written in pencil

thereon . Throw the change-over switch on the recorder to its up

position . If the Lon -Ga- Tone keyer is used , throw the KEY-TAPE

switch to KEY. The student now operates the key J- 38 and his

transmission is recorded on the tape.

(5 ) While the student is still transmitting, the tape leader can be

mounted in the automatic keyer without the use of any feed or

take-up reels so that when his transmission is completed play-back

may be initiated immediately. However, be sure first that the ink

is thoroughly dry.

(6 ) Upon completion of a student's transmission, stop the tape

puller, throw the recorder change-over switch to its off position , and

cut the tape to the left of the tape puller . Start the tape puller

on the automatic keyer and play back to the studenthis prepared tape.

(7 ) To prepare copies of the master tapes , mount the tape to be

copied on the automatic keyer. Adjust the automatic keyer to a

tape speed of 12 feet per minute . If the Long -Ga- Tone automatic

keyer is used, throw the KEY-TAPE switch to TAPE. Start the

recorder tape puller and allow about 4 feet of tape to feed through

the puller. Throw the recorder change-over switch to its up position .

The recorder will record the keyed tone received from the

automatic keyer .
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SECTION IV

1
1

1
1

1

FUNCTIONING OF CIRCUITS ; MAINTENANCE AND
REPAIR

Paragraph

General - - - - - - - - - -

Automatic keyer, Lon -Ga -Tone, type 7 - - -

Keyer TG - 10 - B . ..

Oscillator-amplifier ACA - 10- AO - -

Automatic keyer, McElroy model G - 813 _

Automatic keyer, McElroy model G -813 modified . . .

Recorder, McElroy model RRD - 900 or R - 900

Tape puller, McElroy model CTP - 1300
Switchboard BD -57- - - - - - - - - - - - - - - - - - - -

Switchboard BD - 57 - A .

Record player, Columbia model P - - - - - -

37. General. — The electrical circuits of the units of code practice

equipment described in this manual are rather simple, and most of

the individual parts are operated well below their rated maximums.

Because of the number of moving parts , maintenance is more of a
mechanical than an electrical problem . If the various chassis are

kept clean, and the bearing surfaces of the rotating elements well

lubricated , the equipment will give long, trouble -free service. Any

necessary repairs can be accomplished by a competent radio

repairman .

38. Automatic keyer, Lon -Ga - Tone, type 7. — The circuit dia

gram is shown in figure 29, and the accompanying caption includes

a detailed list of parts. The latter are standard radio replacement
parts . The outside and inside appearance of the unit is shown in

figures 30, 31, and 32. In these illustrations, the parts are numbered

to correspond with the markings in the schematic diagram , figure 29.

Vi. - - - - - Type 923 gas photoelectric cell. R17 . - - - - 5 ,000-ohm resistor.
V2, V3 . - Type 6SJ7 tube. R18 , R19 1.000-ohm resistor.

V4 , 15 . - - Type 6X7 tube . R20 - - - - - . 1,000 -ohm potentiometer .
V6 , V7 - - - - Type 6V6 tube. R21- - - - - . 300 -ohm potentiometer.

Type 5Y4G tube . Ci. - - - - - Triple 8 -ut capacitor.

Ri. 50 -megohm resistor. - - - - 0 .00025 -4f capacitor.
R2_ 500 ,000-ohm resistor. - - - - 0 .01-uf capacitor.
R3 2 -megohm resistor. - - - 0 . 1 -ut capacitor.
R4 60,000-ohm resistor. - - - - - 0 . 2 -nf capacitor,
R5 . 750-ohm resistor. - - - 0 . 1-uf capacitor.

50 ,000 -ohm resistor. D . P . S . T . switch .

R8_ - - - - - 25 ,000 -ohm potentiometer. S3 - - - - - - - S . P . D . T . switch .

Ti . - - - - - Power transformer.

R10 , Rii . 50 ,000 -ohm resistor . T2- - - - - - Output transformer.
R12 _ 100, 000 -ohm resistor . Li. - - cond 20 -henry filter choke.

R13 _ - - - - 5 ,000 -ohm resistor. L2 - - - - - - - 200-mh choke.
R14 . - - - - 100,000 -ohm resistor. Exciter lamp, double filament auto headlight
R15 _ 200 - ohm resistor. bulb .

R16 - - - - - 1 ,500 -ohm resistor . Pilot light, 6 . 3 volts.

V8

S2 - - - - D .

R9 - - - 400 -ohm resistor

- - -
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a . Functioning of circuit. — Tube V4 is a double triode functioning

as the tone oscillator. The frequency of oscillation is determined by

the constants of inductor L2 and capacitor C5, which are connected to

the grid -cathode circuit of the right-hand section of V4. The plate of

the right-hand section of V4 is connected to the grid of the left-hand

section through capacitor C2 and resistor R3; the plate of the latter

triode section is in turn connected back to the grid circuit of the right

hand section of V4 through the capacitor V4. Thus, in - phase feed

Lamp

Motor

V2

V3

TI

V6

V5

TL - 4008

FIGURE 31. — Rear chassis view of Lon -Ga - Tone unit.

back of energy takes place from the left-hand section ofthe tube to the

right-hand section , and oscillation in the L2-C5 circuit is maintained.

The output ofL2- C5, which is about 800 cycles, is amplified by a two

stage audio - frequency amplifier consisting of the upper half of the

double triode V5 and the push-pull output stage using the tubes V6

and V7. The lower triode section of V5 acts as a phase inverter to

produce the necessary 180° phase difference between the signals appear

ing on the grids of V6 and V7, through capacitors C6 and C7, respec

tively . Tubes V2 and V3 constitute a two- stage direct -coupled ampli

fier. The voltages applied to the elements of these tubes, and the bias

on the photoelectric cell V1, are so adjusted that when no light is
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shining into the photoelectric cell the effect of the direct connection

of V3 to the left-hand grid of oscillator tube V4 is to block the latter

tube completely, thus preventing the oscillator from functioning. This
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condition exists when a practice tape is properly adjusted so that the

bottom black line of the recorded transmission covers the photoelectric

cell aperture, as illustrated in figure 24. When the tape is drawn

through and light hits the photoelectric cell through an uninked sec

tion of tape, the photoelectric cell generates current and the previous
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bias conditions are upset to the extent that the left-hand grid of V4 is

no longer blocked. Therefore the tone oscillator functions, and a sig

nal is heard in the connected output circuit. This form of electronic

keying is very smooth and positive . Manual keying is accomplished

by short-circuiting the control grid of V3 to ground. The power supply

is entirely conventional, and comprises the transformer T1, the full

wave rectifier V8, the filter L1-C1, and the bleeder resistor network

R16 to R20 . The speed of the take-up motor is controlled by the

potentiometer R21.

6 . Maintenance and repair .- Clean the aperture in the sliding barrel

in the photoelectric cell house thoroughly at least once a day. Dust

collecting therein will materially interfere with proper keying. Wipe

off the exciter lamp, its reflecting lens, and the exposed surfaces of the

concentrating lens daily . About once a week remove the cover of the

lamp house and clean the inner surfaces of the concentrating lens and

the mirror. About once a week remove the photoelectric cell house by

unscrewing the two screws which hold it to the chassis , and clean the

envelope of the photoelectric cell which is exposed thereby. Once a

week put 1 drop of light oil in oil ducts of the take -up motor and in

the oil hole at the left end of the puller motor. If the exciter lamp

burns out, replace with a 6 -volt 32– 32-candlepower No. 1000 auto :no

bile headlight bulb . To replace a burned out pilot lamp, remove the

chassis from its cabinet, unscrew the pilot lamp from its socket and

replace with a 6 .3 -volt 0.25 -ampere miniature base lamp. Replace

burned out vacuum tubes with the types indicated for each socket in

figure 31. If copies ofmaster practice tapes should tear, alwaysmake

the necessary splice through a section ofthe bottom of the inked line,

using glue, rubber cement, cellulose cement,etc. If the splice is made

through a clear section , the double thickness of tape will be opaque

enough to prevent light from shining through to the phototube.

39. Keyer TG - 10 - B . — The circuit diagram of this unit appears

as figure 33. A back view of the chassis, with the parts marked to

correspond with the wiring diagram , follows as figure 34 .

432514° _ -42 - 4
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39CODE PRACTICE EQUIPMENT

V1

1
1

1
1

1
1

Type 923 gas photoelectric cell . .

V2, V3 Type 68J7. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

V4, V5 Type 6N7. . .

V6, V 7 Type 6L6 . . - - .

V8 Type 5U4G

R1, R2 20 -megohm , 42- w resistor - - - -
R3 4 .7 -ohm , 1 -w resistor .
R4 1,000-ohm potentiometer.

R5 270 ,000 -ohm , 19 -w resistor - - -- -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

R6 , R7 4,700-ohm , 2- w resistor .

R8 68 ,000-ohm , 44 - w resistor . - - - - - - - -
R9 390,000-ohm , 4 - w resistor . - - - - - - -

R10 470-ohm , 1- w resistor . .- - - - - - - -

R11 10 ,000 -ohm , 10 - w resistor - - - - - -

R12, R13 ),
R14 , R151027 ,000-ohm , 42-w resistor . .. ..

R16 500 ,000-ohm potentiometer. . . . ..
R17 1 ,500 -ohm , 1 - w resistor . - -

R18 , R19 100 ,000 -ohm , l- w resistor . . . . .
R20 270 ,000-ohm , 42- w resistor . - - -

R21 250-ohm , 26 - w resistor

R22 9 , 100 -ohm , 42 - w resistor . . . . .

R23 270,000-ohm , 4 - w resistor - - - - - - -

R24 100 -ohm , 10 - w resistor . . . .

R25 200 -ohm , 10 - w resistor - - - -

R26 4 ,000-ohm , 10 -w resistor - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

C1, C2
{10-pf capacitor block ..

C3, C4 )
0 . 1-ul capacitor . . .. .

C6 0 .0005-uf capacitor . .

C7 0 .01-ul capacitor . . - - - - - - - - - - - -

C8, C9 0 .01-4fcapacitor.- -- - - -
C10 0 .1 -uf capacitor .

T1 Power transformer .

T2 Exciter lamp filament transformer

T3 Output transformer - - - - - - - - -

EL Exciter lamp. . - - - - - - - - -

L1 Filter choke . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

27350

27358
27310
27351
27357

27352

27353

27359
27363

27354

27311
27360
27356
27351

27355
27355

27351
27362

27364

27365

27304

27303

1
1

1

27300

1

1
1
1
1
1
1

1
1
1

27301

27302
27303

27117
27116

27291
27234
27234

1
1

1
1

1

a . Functioning of circuit. — The circúit of the keyer TG - 10 - B is
virtually the same as that of the Lon -Ga - Tone, type 7 , and functions

in the samemanner. The only important difference is that the exciter
lamp in the TG - 10 - B works off a separate filament lighting trans
former. Also , the output tubes are of the 6L6 type, whereas the Lon
Ga- Tone uses the 6V6 type.

6 . Maintenance and repair. - ( 1 ) Lubrication . — The worm reduction
gear on the motor shaft runs in an oil bath and requires no additional
lubrication . Since the speed of the other shafts is very low , they need

little attention. A graphite grease is recommended for these bearings
and also for the sliding bearings on the speed adjustment mechanism .

(2 ) Rollers. — To replace the rubber portion of the puller roller,
remove the acorn nut on the front of the roller and take off the outer
washer. Remove the old roller, slide on the new one, and replace the
washer and the nut. To replace the drive roller, remove the old one by

taking the spring belt from its driving puller and releasing the set
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screw holding it to the puller shaft. The entire shaft can now be pulled

forward. Roll off the old Neoprene ring and roll on the new one. In

reassembling, be careful to set up the pulley to prevent excess end play

of the puller shaft. The friction surface driving the take-up reel is

identical with that used to drive the puller shaft. It can be rolled off

its wheel and a new one rolled into place without otherwise disturbing

the mechanism .

Motor

CITLI
16

CON 4 8

KEY

se

TL- 4035

FIGURE 34. - Chassis view of keyer TG - 10 - B with parts marked to correspond with

figure 33.

(3 ) Exciter lamp. — This is a standard six -volt double- filament

32 –32 candlepower No. 1000 automobile headlight bulb . When one

filament burns out, turn the bulb halfway around in its socket and use

the other filament.

(4 ) Fuse. — The keyer is shipped with a fuse in place. This is a

standard 3AG automotive fuse , rated at 3 amperes at 250 volts.
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(5 ) Transformers. — The power and audio units used in the TG

10- B can be replaced by standard radio replacement parts as follows:

Thordarson

Power transformer - -- - - - T13R15 .

Output transformer - - - - T17S11.

Filament transformer. T19F98.

Oscillator coil- - - - - - - T18C92 (less core ) .

Filter choke- - - - - - - -- - - - T57C52.

(6 ) Voltage readings. — The following table gives the normal volt

age readings between the socket terminal numbers indicated , asmeas

ured with a 20,000-ohm -per- voltmeter when the line voltage is approx

imately 115 volts :

Plate Filament Cathode Screen
Switch

position

Tube

Pins Volts Pins Volts Pins olts Pins Volts Tape Key

4 -GD

8 - 5

8 - 5

74. 9 5 -GD

- - - - - - - - - - - - - - - - - - - -

2 - 7 | 6 . 2 5 -GD

- - - - - - - - - - - - X-

66 6 . 2 8 - 1 140

132

do oo oo oodo d
o

er
e

e
r

62

58

145 3

160

150

162

370

370

8 - 1 8 - 4

8 - 3

8 - 6

8 - 6

8 - 3

8 - 3

Plate

to

Plate

240

6 . 2 8 - 1 8 - 4 240

$760AC 2 - 8 5 . O

40. Oscillator-amplifier ACA - 10 - A0. - a . Functioning of cir

cuit. - Electrically, this unit closely resembles the oscillator-amplifier

section of the Lon -Ga- Tone automatic keyer. As shown in figure

35, V1 is the oscillator. Tubes V2, V3, and V4 comprise a two-stage

amplifier,with one section of V2 functioning as a phase inverter. No

provision is made for internalkeying. In installations in which this
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05.

Vi, V2. - - - - - - - - Type 6N7tube.

V8, V4. .- -- - - - - - Type 6L6G tube.
V5 . Type 5U4G tube.
C1, C2 0 . 1-uf. 400 - v capacitor .

C3. 10- 10 - 10ul, 250- v capacitor.
C4 0 . 1-48, 400 -v capacitor.

0 . 01-uf, 400 - v capacitor.
C6. . 0 .001-uf, 400 - v capacitor.
C7. 10 - 10 - 10 -ul, 400 - v capacitor.

C8, C9. 0 . l-uf, 400- v capacitor.
C10 - - - - - - - 0 . 0005-41, 400- v capacitor .

CII. . . 10 - 10 - 10 -uf, 450 - v capacitor.
012 . 10 -10 - 10 -uf, 450- v capacitor .
C13, C14, C15 .. 10 - 10 -ul, 450 - v capacitor.

RI.. . 50, 000 -ohm , 12- w resistor.
R2 1 ,000 -ohm , 17- w resistor .
R3. . . - - - - - - - - - - - 12-megohm , Yu- w resistor .

R4. . --- - - - - -- - - 6 ,000 plus 1, 000 (7 ,000)-ohm , 12 -W
resistor .

R5, RO... ----- - 50,000 -ohm , Ya-w resistor.

R7.. - -- - - - Yu-megohm potentiometer.

R8. . 3,000 -ohm , 4 - w resistor.

R9, R10 . .. 50,000-ohm , 17- w resistor.
R11. . . 100 ,000 -ohm , 17- w resistor.
R12. . . 6 ,000 -ohm , 22-w resistor.
R13 . . . 100, 000 -ohm , Ya- w resistor.

R14 . 50,000 -ohm - 17- w resistor.
R15 . 250-ohm , 10- w resistor.

R16 YA -megohm , 22-w resistor.
R17. 5 ,000 -ohm , 10 -w resistor.
R18 . 25,000 -ohm , 20 - w resistor.

SW - S . P . S . T . On-off switch .
FP . . . 3 ampere, 250 -volt fuse .
Ti... - - - - - - - - Power transformer,manufacturer's

type No. LPT34AO .
T2. --- -- - Output transformer, manufac .

turer 's type No. L60T34A0 .

PL . - - - - - -- - - - 6 .3- v , A -ampere pilot light, minia
ture screw base.

RFC 10 ...---- -- Oscillator inductor .

- - -

oscillator-amplifier is used, keying is performed automatically by a
separate McElroy keyer, model G -813, or manually by students.

6 . Maintenance and repair .— If excessive hum is present in the out
put circuit, it indicates an unbalance in the output tubes V3 and V4.
One or both tubes should be replaced . When the set is turned on, if
the pilot lamp does not light, examine the red screw fuse located on

the rear of the chassis. Replace with standard 3 -ampere fuse if burned
out. If not,unscrew the ruby reflector and replace the pilotlamp with

T2

C / 9
C11-C15 C14

C3,C1,C12

V2 VI

O90

SW

TL- 4009
FIGURE 36 . - Front view of ACA oscillator-amplifier, with protective screen cover removed

to show placement of parts.
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a 6.3 -volt, 0.25 -ampere miniature base lamp. If the oscillations stop,

examine the tubes for burned out filaments. Replace tube, if necessary ,
with the type tube indicated on the socket. A general front view of

the oscillator -amplifier chassis is shown in figure 36 and an under view
of the chassis in figure 37 .

c. Resistance and voltage chart. - The following resistance and volt

age chart will be of assistance to the radio repairman in tracing trou

bles that develop in the ACA oscillator-amplifier :

RESISTANCE AND VOLTAGE CHART

Measure direct voltage with 1 ,000 ohms per volt meter.

Measure alternating voltage with 1,000 ohms per volt meter.

Measure resistance with 0 – 50,000 and 0 - 5 megohm ohmmeter ranges (tubes

removed ) .

DIRECT VOLTAGE (measured from ground)*

Prong terminals

Tube No.
Tube

type 17

6N7

1

$ 190

3 160

2 420

3 180

3 160

1

2 300

6N7

6L6G

6L6G

5U4G

4 23. 5
4 23. 52 420 2 300

V5 . - - 2 420 1 360 1 360 2 420

*Measured with all controls set at zero .

RESISTANCE (measured from ground ) * *

Prong terminals
Tube No.

Tube

type
3

Vi. 5 1M

V2

6N7

6N7

80M

150M

- - - - - -

O

V3- - -

14.

0680M | 57M 5 350

0 6 150M 56M 6 500M

0630M 625M 6 106M

0 630M | 6 25 M 6 100M

0 630M

6L6G

6L6G

5U4G

53M

5 250

3 250

630MV5 - - - 5 70
5 75

* *Measured with all controls on full.

NOTE . - £10 per cent tolerances in all readings are permissible .

1 750 -volt a -c scale . * 30 - volt d -c scale .

a 750 -volt d -c scale . 50- 50 ,000 -ohm scale .

* 300 -volt d -c scale. • 0 - 5 -megohm scale .
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41CODE PRACTICE EQUIPMENT

R1.

1

1
1

1
1

Vi. _ Type 117N7GT tube.

V2, V3_ - - Type 11726GT tube.

40-megohm , 1 - w resistor.

R2 - 35 ,000 -ohm , 2 - w resistor.

R3_ - . 0 . 1 -megohm potentiometer.

R4- - - 35 ,000 -ohm , 142 - w resistor .

R5 . - - 20 ,000 -ohm , 14 - w resistor.

ci, C2

C3, C4 . >10-uf, 200- v capacitor.

C5 - - - - - - - - - - - 20-uf, 200 -v capacitor.

C6 - - - - - - 0.05 -pf, 209- v capacitor.
PEC . - - Type 923 gas photoelectric cell.

RL - - Relay, Sigma No. 3A .

EL Exciter lamp, 15 -watt, 120 -volt, intermediate base.

SW - - Line switch .

41. Automatic keyer, McElroy model G -813 . - . Functioning

of circuit.— The electrical circuit of this keyer is shown in figure 38.

Although the unit actually employs only three tubes , these are of the

multielement type, and the individual sections are separated in the

diagram for the sake of clarity . V1, a type 117N7GT, which consists

of a tetrode and a diode in the same envelope, is split up as Vla for the

tetrode and Vlb for the diode. Note especially that the plate of Vlb is

internally connected to one side of theheater. V2 and V3 are 117Z6GT

full -wave rectifiers. The sections of V2 are used separately (as indi.

cated by V2a and V2b , while the sections of V3 are paralleled to form

a single half-wave rectifier element. The tetrode Vla acts as a single

high -gain amplifier stage for the photoelectric cell PEC , and operates

the relay connected in its plate circuit . Plate and screen voltages for

Vla , and also heater current for the entire tube Vi, are furnished by

V2 and V3 in a conventional “transformerless” voltage-doubling cir

cuit. Closing the switch SW actuates the entire keying unit.

6 . Maintenance and repair. - Clean the aperture in the aperture

bar thoroughly at least once a day. Dust collecting therein will mate

rially interfere with proper keying. The photoelectric cell, particu

larly that portion directly under the aperture bar, must also be free

from dust. Whenever needed, clean the contacts of the relay by

drawing a strip of bond paper, previously dipped in carbon tetra

chloride, through the space between contacts. Adjustment of this

relay should be accomplished only by an experienced instrument re

pairman . About once a week place 1 drop of light oil (typewriter

or sewingmachine oil) in the oil hole located at the top of the rewind.

If the exciter lamp burns out replace with a 120 -volt 15-watt clear

glass, intermediate screw -in base lamp. The photoelectric cell should

remain serviceable for very extended periods. The units must be re

moved from service to effect replacement of this tube. If copies of

tapes should tear, alwaysmake the necessary splice at a section of the
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41 -42CODE PRACTICE EQUIPMENT

C9

C10

c11 _

RL - - -

XK . .

Ti .

J - - - -

SW .

EL - - - -

V1 - - - - - - - - - - Type 117N7GT tube. 40 -4f, 200- v capacitor.

V2, V3 - - - - - - Type 11726GT tube. - 10 -uf, 200 -y capacitor .
V4 - - - Type 1A7GT tube. 20 -uf, 200 -v capacitor.
PEC - -- - Type 923 photoelectric cell. 0 . 05 -4f, 200-v capacitor.
Ri . - - 40 -megohm , 1 - W resistor. 20 -lyf, 200 -v capacitor .
R2 . 35 ,000 -ohm , 19 - w resistor. 50 -uf, 25 - v capacitor.
R3- - - - 0 .1 -megohm potentiometer. 0 .01-rf, 200 - v capacitor.
R4 . 35 ,000-ohm , 12 -w resistor. 0.02-uf, 200- v capacitor.
R5 . 20,000 -ohm , 4 -w resistor. 0 . 1 -uf, 200 -v capacitor.
R6 _ . 30 -ohm , 17- w resistor . Relay, guardian No. 27298 .

R7, RS - - - - - - 5 ,000 -ohm , 12- W resistor. External keying contacts.
R9 7 ,000 -ohm , 14 - w resistor . Output transformer.

R10 - - - - - - - - - 0 . 1 -megohm potentiometer . Single open circuit jack .
C1. 200 - v capacitor. Line switch .

Exciter lamp, 15 -watt, 110

volt intermediate base.

A general view of this keyer , with its associated tape puller , appears as figure 40.

top inked line. If a small clear space remains after the splice has been

made, make the line continuous by using black ink or even a soft lead

pencil.

42 . Automatic keyer, McElroy model G -813, modified . — a .

Functioning of circuit. — This unit differs from the model G -813 de

scribed in paragraph 41 in that it includes a tone source which is

keyed by the automatic keyer. The complete circuit is shown in

figure 39. Tube V1 is a 117N7GT, and V2 and V3 are both type

117Z6GT. These are split up into their constituent elements as Vla,

Vlb , V2a, V2b, and V3, and function exactly as indicated for the

model G -813 in paragraph 41. The 1A7GT operates somewhat in

themanner of a dynatron oscillator, the frequency of oscillation being

controlled by the variable resistor R10 . The filament of this tube,

which is intended normally for battery operation, is energized by

direct current produced by the rectifier system of the unit. This

filament is shown separately as V4h and is connected in series with
the heater of V1. Because V1 takes 75 milliamperes and V4h takes

50 milliamperes, V4h is shunted by a small resistor R6 to equalize

the current distribution in the circuit.
b . Maintenance and repair. — The same data given for the model

G -813 should be observed for the G -813, modified . However, the

relay used in the latter unit does not require adjustment. Also, it is

advisable to provide spare oscillator tubes, as the filament lifemay be

expected to be shorter than usual.
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CODE PRACTICE EQUIPMENT 43

43. Recorder, McElroy model RRD - 900 or R - 900. - a . Func

tioning of circuit. — Figure 41 shows the complete schematic diagram

of the instrument. The tetrode sections of the type 117N7GT tubes ,

marked Vla and V2a, are connected to form a conventional push-pull

amplifier stage. Plate voltage is furnished by a voltage-doubler

system similar to that employed in the McElroy automatic keyers.

The diode sections of the type 117N7GT tubes,marked Vlb and V2b ,

are part of this power circuit. V3a and V3b are the two diode sec

tions of the type 117Z6GT tube.

The keyed tone signal to be recorded is led into the amplifier at

the input posts. The amplified output of T2 is rectified by a full

wave, dry-disk rectifier, and the pulsating direct current from the

latter actuates the moving coil element. The latter corresponds to

the voice coil of a loudspeaker. To it is attached the ink -bearing

stylus, which moves down and across the paper tape in accordance

with the keying and the constant pull of the take-up motor.

b . Maintenance and repair. — Practically the only routine mainte

nance on this unit consists in maintaining a smooth, even flow of ink to

the recording stylus. A cleaner wire for the stylus and inkwell

outlet accompanies each unit as does a replacement ink hose. The

stylus should be left solidly against the tape when the recorder is

not in use , and the inkwell should be set in its lowest position . After

inoperative periods of an hour or longer, the stylus may require

cleaning as indicated in paragraph 32 . Once a week, the inkwell

and ink hose should be removed from the unit and thoroughly

cleaned with water. Infrequently, an overnight soaking of the hose

is desirable . A gentle milking action will force water through the

hose . Frequent dusting of this unit is necessary, as the blank tape

in feeding through it leaves an accumulation of paper lint. Two

views of the recorder are shown in figures 42 and 43.
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Tape roll holder

11707
/1776

67

117N7
GT

GT

Armature spring
adjusting screw

Upper armature stop

Inkwell

Tape roller lo
adjusting

screw Ink hase
Lower

armature stop

B
U
D
U

Posts

H
U
N

TL - 4011

FIGURE 42. — Close-up end view ofMcElroy recorder. (Once various adjustments have been
made, unit will operate for long periods without requiring attention .)

432514° - 42 - 45 65
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44 - 48CODE PRACTICE EQUIPMENT

44. Tape puller, McElroy model CTP - 1300 . - Q . Functioning

of circuit. — The connections of the tape puller are very simple and

are given in figure 44 .

Field

= Cl

SW 2
SW

mína
Ovac

W

TL-3383

Armature a Ес2

= Chassis

SW1 - - - - - - Line switch .

SW2 Speed -control switch .

ci, C2_ 0 .05 -uf, 200-v capacitors.

300-ohm , 50 - w potentiometer .

FIGURE 44. - Wiring of McElroy tape puller.

1

Ri - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Not all models of this tape puller have the speed control switch SW2.

In units in which it is not used, the circuit is equivalent to one

with the switch closed . The motor operates as a hybrid shunt type

with the armature excitation depending on the voltage drop between

the arm of the potentiometer and the junction point of the armature

and the field . When switch SW2 is open (corresponding to the for

ward position mentioned in paragraph 286 (2 ) ) themotor operates as

a conventional series type, and R1 acts merely as a series rheostat.

6 . Maintenance and repair. - Once a day place 1 drop of light

machine oil in the oil hole on the take-up spindle and in the oil duct

leading to the puller wheel bearing. The entrance to the latter duct

is located on top of the unit directly above the puller wheel.

45 . Switchboard BD -57. a . Functioning of circuit. — The cir

cuit diagram of the switchboard BD -57, which is part of code prac

tice equipment EE -81, appears as figure 45. A front view of the

board with the cords exposed is given as figure 46.

The motor alternator mounted in the switchboard is not used in

modern installations of code practice equipment. If the board is

employed as issued , the master key terminals are short- circuited,

and keyed or steady tone from an external source is fed to the ter

minals marked AUXILIARY. When the auxiliary plug (red cord )

is inserted in the jack marked AUXILIARY, this tone signal goes

through the primaries of the twenty-one individual transformers,

which are connected in series. The secondary of each transformer

is isolated by means of a plug. Tracing out the circuit at any trans

67
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former, it will be seen that secondary terminal 4 is connected to the

tip only of the plug. Therefore, it is necessary to insert the plug

into the corresponding “ student” jack directly above it, in order

ооооооооооооооооо
ооо

OOOOOOOOOOOOOOOOOOOO

0711122

FIGURE 46. — Switchboard BD - 57 set up for operation with cords exposed .

for the tone signal to appear in the earphones of the connected

student position . If the tone is keyed, the student keeps his key

closed . If the tone is steady, the student can open his key and

practice sending to himself . The instructor can listen in by plugging

the “ instructor?" plug (white cord ) into any of the " supervisory”
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jacks along the top of the board , at the same time closing the switch

on his key. Each of these jacks is in series with the “ student” jack

under it. When steady tone is supplied , simulated nets can be set

up for groups of students by interchanging their black cords, exactly

in the manner described for the BD -57 - A . With any type of oper

ation , the potentiometer continues to act as a volume control on the

input signals.

b . Maintenance and repair. – Very little trouble develops with this

board, as the parts are rugged and are subjected to very little strain ,

either mechanical or electrical. Cords and plugsmay wear out after

long service but are readily repaired or replaced. The main items to

watch are the transformers. Because of their series connection , the

entire board will go dead if only one primary becomes open. The

faulty unit can be identified quickly with the aid of an ohmmeter or

a simple continuity tester consisting of a headset in series with a dry

cell and a pair of test prods.

46 . Switchboard BD - 57 - A . - a . Functioning of circuit. — The

complete schematic diagram of this board is shown as figure 47.

Comparison of this diagram with figure 46 reveals several important

improvements. There are three rows of jacks instead of two, per

mitting much greater flexibility of student circuit arrangement.

The transformer primaries are still in series, but they are connected

only to steady tone ( through the AUX SWBD TONE posts ) for

purposes of hand keying by students and simulated net operation .

This tone is available at all student positions when the plugs are not

in any of the jacks. Tracing through the circuit of any transformer

and its associated jacks, it will be seen that the secondary terminal 3

goes to one side of the student position through the tip and inner

contacts of the bottom jack , which are closed when the jack is idle .

Terminal 4 goes back to the other side of the student position through

the two upper jacks in series . Note particularly that the frames

of the bottom and middle jacks are not connected at all. One student

can be fed keyed signals of any desired speed if his black cord is

inserted in his middle jack , and if the auxiliary cord connected to

the proper keyer is inserted in the top jack . The resultant circuit

is a simple series one, with the transformer entirely out of action .

Students can be connected in series for keyed signals by cross-connect

ing plugs in themiddle jacks, just as they can be cross -connected for

local net operation by means of the plugs and the lower jacks.

b . Maintenance and repair . - See paragraph 45b.
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47. Record player, Columbia model P . — a . Functioning of cir

cuit. — This record player is a very simple unit, consisting merely of

a turntable , a crystal pickup, a one-tube amplifier , and a 6 - inch per

manent magnet loudspeaker. The circuit is shown in figure 48 .

VolumeControl

ERY ]

[RT

=

15 YOL 76T

l
e
e
e
e
e
e
e

L
0
0
0

6PM Speaker

Tone Control
C3

Motor Lead

Crystal
Pick-up

Switch on volume control

R1 - - - - R6 - -

T4 - 4040 Motor Lead

2 -megohm potentiometer. 2 -megohm potentiometer.

R2 _ 100 -ohm , 3 - w resistor. R7 1 -megohm , 14 -w resistor.

300 -ohm , 10 -w resistor. Ci _ _ 30-nf capacitor.

R4 . 160-ohm , 1 - w resistor. C2, C3- - - - - - 20 -wf capacitor .

R5 - - - - -- 2,000 -ohm , 14 -w resistor. C4 - -- - - - - - - - 0 .005-xf capacitor.

FIGURE 48. — Circuit diagram of record player, Columbia model P.

R3 - - -

The 70L7GT tube is a combination diode-tetrode, the diode section

functioning as a half-wave rectifier to furnish plate and screen voltage

for the tetrode amplifier.

b . Maintenance and repair . — The simplicity of this unit makes it

practically foolproof. About the only part likely to require replace

ment is the tube. This is mounted on a small subpanel under the

turntable deck . Access to it is had by removing the Phillips head

screws that hold the latter in position . The motor is of the self

starting type. It requires no lubrication .
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APPENDIX I

CHANGES IN SWITCHBOARDS BD -57 AND BD -57- A

1 . Improving switchboard BD - 57 . - As mentioned in para

graph 176 , the switchboard BD -57, as issued , does not meet the re

quirements of modern installations of code practice equipment.

However , if training or other funds are available for the purchase

of 20 inexpensive single closed circuit telephone jacks, the board

can be made the equivalent of the newer BD -57 - A by a competent

radio repairman. The extra jacks are added in a row under the

present row marked STUDENT JACKS, and the wiring is changed

to conform to that of the switchboard BD -57 - A , as given in figure

47. To allow the connection of more than one keyer, the single red

AUXILIARY cord can be supplemented by extra cords fitted with

two-connection plugs. If regular patching cords are not available,

standard radio plugs and ordinary flexible lamp cord will be found

perfectly satisfactory . Extra terminals should be provided on the

back of the board for these cords to facilitate connection to the auto

matic keyers. An alternative arrangement is the use of a separate

patching board, described in the following paragraph .

2 . Patching board for switchboard BD -57 - A . - Code practice

equipment set up as indicated in figures 5 and 9 will operate quite

satisfactorily. However, the use of an extra patching board , con

taining volume controls for each keying circuit, has been found very

convenient. As shown in figure 49, the outputs from the various

keyers terminate across the ends of 1,000 -ohm potentiometers, instead

of at the auxiliary tone cords of the switchboard itself. A single

open circuit jack is connected across the arm and one end of each

potentiometer. Patching cords, consisting of short lengths of flexible

wire with a two-connector phone plug at each end , provide a quick

means of transferring the tone signals at any particular keyer jack

to any student position . The potentiometers serve a double purpose :

a . They allow the signal volume in the students headsets to be

adjusted to a comfortable level, or to a low level to simulate poor

receiving conditions.

b . With the entire resistance connected permanently to the keyer

output circuits, a constant load is maintained on the keyers, and the
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signals in oneswitchboard circuit will not change noticeably if changes

are made in another switchboard to which the same signals are being

piped . With this set-up, the six auxiliary tone cords on the BD -57 - A
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are not required ; in fact, if these cords are removed and the remaining

free ends fitted with phone plugs, they make excellent patching cords.

Another arrangement is the direct connection of the auxiliary cords

to the arm and one end of each potentiometer. While this set-up is
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not quite as flexible as the use of full patching cords, it is adequate
for small installations where the number ofavailable keyers is limited .
The number of jacks and potentiometers to be provided on the patch
ing board will depend on the size of the school. Figure 50 shows a
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FIGURE 50 . - Switchboard BD -57-A with patching board on top.

20- position board mounted on top of a BD -57- A in a large school.
This provides outlets for all 15 of the master tapes supplied for the
automatic keyers, the fixed tone source for localkeying , and for signals
from several radio receivers. An average of 12 positions is sufficient
for most schools. It will be seen from figure 50 that the patching
board hasbeen madetomatch the switchboard in width and depth and
general appearance. The front panelmay be bakelite, hard rubber ,
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any of the “ pressed wood” boards, or even plywood , as insulation is

not particularly a problem . The box is made from scrap shelving.

This illustration also shows how the cabled leads are brought into the

boards. A hook for the patching cords is provided on the right end of

the mounting bracket.

3 . Monitoring board. — Another convenience in a school using a

large number of automatic keyers is a monitoring board. As shown

in figure 51, this consists simply of several rows of single open circuit

jacks. Each jack is connected to the output terminals of a keyer,

paralleling the leads that go to the switchboard or the patching board .

The monitoring operator is thus able to check the output of all the

keyers from one position in a very short time. Directly above the

monitoring board shown in figure 52 are two small permanentmagnet

loudspeakers,mounted in the wall. These have cords and plugs at

tached , and either can be left plugged into the jack representing any

keyer when the operator wants to make a continuous check on a tape,

while he is doing other work around the keyer room . As in the case

of the patching board , this monitoring board can use bakelite, hard

rubber, pressed wood or plywood for its panel.

FIGURD 51. - Monitoring board used in connection with automatic keyers. .
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APPENDIX II

MATERIAL CARRIED ON MASTER TAPES

The material carried on the 15 master tapes furnished for the code

practice equipment described in this manual is published herewith as

an aid to instructors. It should be noted that random errors may

occur in the tapes.
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Tape No. 1 – Continued

U U U U U F U R R G J J H G H H H J J M

M G F M J J J H G G G F M R J F M R H M

M M G R F H F G G M H G G F F M M F J R

R G M M G J H J G U R H J F H R H J U G

H G R FJ M J H R R R J R U GU U F JG

G R U H H M H U M F G R G U M H H U J U

F JM H F H U R G J M G U H F

M F H R G H U H H H H H

R R H J R J J G J

R H H H G H J R R

GJU F JJJR R

M J J

ha
s

be
en

c

任
五
w
w
r
a
r

ÞBD

AAAO
B
A

Þ

d
e
t

eret

d
o
d

c
e
n
e
d
e
s

M

J M

I
r
i
p
I
n

a
w
日
日
日
a
r
w
p
a
w
b
a
r

五
五
五
w
汪
汪
a
w
r
w
汪
汪
w
a
a
a
r
a
w
a
汪
w
o
m
a

d
e

B
e
l
l
e

w
a
a
a
a
w
w
r
o
p
丑
丑
丑
r
w
a
p
a
p
a
n
a
r
b
a
任

D

B
u
y
O

D
A

O

c
o
a
d
m
i
n
g

e
t

d
e

l
a

d
d
d
d
4
4
2
4
国

JM 보
디
디
디
디

r
u
m
p
w
p
H
w
w
o
w
w
u
r

MH G

JJ U

F R G H U M M G M H R J

JR F F JH F

F G M R J U M G

U U H F F M U J F M J H R F J M F U

R F H F M R F U G R U J M G F H U

F G J F V F F H M G F H H F V J F

H F F M U M R J F U J F U G H J R

F G J G U J R M J H M F F G U F F

R H J RU FRUGUFHU JMU R

F F U U U MU U MU U R R U FUF a
m
a
h
a
w
p
a
w
p
a
w
w
a
a
a
u
r
a
r

w
r
a
丑
丑
丑
w
r
a
m
a
w
a

3ale
s
e
s
c
o
l
e
s

B
a
r
c
e
l
o
n
a

bus

F

Qha
ny
a

U

N

B

T

D

Tape No. 2 - 20 characters per minute

(Receiving lesson II, TM 11-454)
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Tape No. 3 — 20 characters per minute

(Receiving lesson III, TM 11- 454 )

C C C C C E E E E E I I I I I L L L

O O O O O S S S S S w w w w w C c

E E E E E I II II L L L L L O O O O O

SSSS S W WWW W C C C C C E E

Ι Ι Ι Ι Ι Ι Ι Ι Ι LO O O O O S

W w w w w C F L O I B C

CE S C I G E W S D E W

I CY I H S CIU K S 0 F I E T

E L L Y R N OS

O W v W L E

SOU N E D

S M I E W N E cЕ м

TI V D B E I CIC

I W L Y L в Ен

C S K O L DO E W GOs

OKWs

IO I L O E S JW

NDLE LIO

4
0

H
A
H
B
O
O

O
M
H
D
H
Z

g
o
t
o
H
o
o
d

O
O
H
a
n
g
o
H
H
W

too
n
o
h
o
n
o
u
r

I HL S

H
N
B

B
E
H
O
H
A
B
D
O

H
O
H
H
O

D
O
D
A
H

B
A
D
H
O
O
A
Q
U
B

a
z
o
o

Z
H
O
A

W

V KSO E

CLOK FU I W U ON S H W

H E W G B D G C T L C K W Y C G

O E K H S GO E SWEE w o

FTS L E F C S D Y

LN W I CYERC I L L I ME

W K M E TJ I O N O L E SJ

SJ C D B M L K L COR W F

R w CW B DO SG IN S T U

U V M I E H S W F K S V E W

E E EI I I

O O O O S S S S S W W

Ε Ε Ε Ε Ι Ι Ι Ι I L L L L

SW w w

I I LLL o o o

w w C I V SL o

O L I O C E CE

N B V LE L W SR V

Τ ΙΙ KO W K F N

CIM I ROJ E T I C N O L I S K G H T
M CC II H L SY U V W I WS 0 IE W

F B S S I E D W E C G S L O N N C N V

LK K L S L EU D G L C T B B H F E CY

K E DYOWO U W SIGO E Y J M

SL W I R VI D W D B L L SE S W W W

C I F E I LOwo U N L B O K UE ID

W

O TV

O
H
B
H
A
N
A
H
O
B
A
B
A
O

8



TM 11 -432

CODE PRACTICE EQUIPMENT

W I E

Tape No. 3 — Continued
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Tape No. 4 — 20 characters per minute

(Receiving lesson IV , TM 11-454 )
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D
X

D
4
D

N
A

D
O
O
N

#
U
A
GO
H
O
H

5

#Bu
>

N
a

>
A
N
O

432514° - 42 --- -6 81



TM 11 -432

SIGNAL CORPS

O
R
G

A
D
H
A

NGN
D
N
D Tape No. 4 — Continued

А у 4 А Е мв 5 м А qха 5 т р 4

x Β C Υ Η 5 D 5 Η Ο Α Ρ Α A F

A A A A P P P P P Q Q Q Q Q x

Z Z 4 4 4 4 4 5 5 5 5 5 A

P P P P Q Q Q Q Q X X X X X Z

4 . 5 5 5 5 5 A

Q X X X X X Z Z Z Z Z

5 Q x 2 4 X 5

F A P LSOP E

4 5 AJPA A G Q 5 x ZA X A

ZH Y 5

QJ Z QW 5 V BBQ

Z X Q Z PAZ P 4 N

JQ P A C

X 4 5 M X Q P A WN

A L 4 H L U

Μ Η Κ Ο Μ Z KE I Z

HP

zo

Z MB X L U

X XP

NT 4 H N 4 A 4

N Q x 5 5 Q

I 5 L 4 F 5 P

G A P 5 AP

4 F 5 KH Q 5 M 5

Z A QF Y Z S 5 Z T Q A S M

I 4 E C CA Q x 4 Q I CP 4 J

5 J HUQJQJPA A Z 4 A V

P F A T Z 4 T F R 4 Z X Z W V

P Z G X 4 Q4 X X 4 4 P L QX G

PZ 4 CD Q R V Y Q 5 Z QP

Α Χ Ζ Η A P Q Q P 5 Ο Υ Β V K о ср А

z s X

X N T 2

AAAAN

W P4 0 5 2

Tape No. 5 — 20 characters per minute

(Receiving lesson V , TM 11 -454 )

1 1 1 1 1 2 2 2 2 3 3 3 3 3 6 6 6 6 6

7 7 7 7 7 8 8 8 8 8 9 9 9 9 9 Ø Ø Ø Ø Ø

1 1 1 1 1 2 2 2 2 2 3 3 3 3 3 6 6 6 6 6

7 7 7 7 8 8 8 8 8 9 9 9 9 9 0 0 0 0 0

1 1 1 1 1 2 2 2 2 2 3 3 3 3 3 6 6 6 6 6

7 7 7 7 7 8 8 8 8 8 9 9 9 9 9 0 0 0 0 0

8 6 P 3 2 7 M 8 E 9 J O Y Z 1 3 0 1 L 9

T 1 L 9 A 0 Y C D 0 E 6 K 1 N 9 A 1 E 6

9 0 2 F 8 P 0 A Ø I V 4 L T Z U 8 I Ø

S 1 M 3 G7 Y S8LØ 2 w 1 0 3 5 6 R 9

2 2 7 A 6 B x H 5 7 E S 7 C Z W 4 V 7 Z

8 W 3 Q Z 7 6 1 J I 7 O P 6 R 3 X 8 2 3

c
o
c
o

Q
O
Q
A Q

o
b
y

coNc

සහයC
O
O
w
o
c
o

H-N
O

00
H
O

:

Q
O
Q
O
N
B
m

Q
o
c
b

Q
O
Q
O
Q
O
O
Q
O
N

B
O
B
O

CO

N
a

nebot
o

2
0
0

78



TM 11-432
CODE PRACTICE EQUIPMENT

D
O
H
A
M
A

•A=0oa

M
A
Q
O
M

AOO OO

v
o
r
u

COA
O

Xococ
h
o
d

wo
r

buycom
a
d
w
a

N
o

H
W

v
a
r

Tape No. 5 — Continued

2 X B 9 D 6 8 5 H 6 R 4 Q 1 2 0 6 Y C 9
3 M Øn 6 LU 9 B 6 G O B D 1 N 1 y 4 2

Q 1 K I 8 G 5 0 P 7 S 2 C 3 T 0 Z 8 6

2 J 9 E 6N 3 E9K 8 1 v 9 Y 1 W I R 3

9 3 0 0 F L T 8 U 2 Y 3 T 8 Q 6 0 0 1 2

8 2 9 1 R 7 V 2 6 1 N 9 1 8 F 0 2 8 5

Ø 7 2 3 H 6 B 1 J4 V 5 H 2 K 5 A 39 1

X B 0 3 A 8 3 0 6 2 W 1 J 6 B 3 Y 7 8

Q 9 K E Ø 9 3 2 B F G Z J Z S 2 A R

Z A 8 G 6 Z D 6 I 6 F 1 H 3 D BA 3 B 1

3 H 6970P7 B 6 L 8 N L R 6 A 9

3 Z 6 L B P 5 REMY 0 Y X Z 8 U G 3

B 8 6 3 N 7 I QZ W 9 1 8 CASH

5 9 5 F 8 V 1 3 9 F 2 G 8 X 1 D 3 U J

D Ø 8 5 J H B 0 9 0 2 J 0 G 7 F 9 z

8 J 8 9 0 1 L 7 I 6 6 P K 2 6 4 6

K 0 E QY 9 D 1 W CJ E 7 Ø E 7 R G 7

Y 1 v 2 Q 1 0 1 1 0 2 0 L 1 7 0 6 V 2

O 4 OS i 3 N 5 W 0 N 4 M 2 0 3 T OS X

Y K 4 W 7 P Q B 2 V T 9 H 1 K 9 V 8 K

K Z 8 4 B Z 1 L 1 C B i D C 9 8 1 2 J

F 5 1 9 G 6 N 2 v 6 3 9 2 3 W 3 U N T 1

6 F 5 B B D H 7 Q 0 F T 8 M 3 9 2 3 W

3 U N T 1 6 F 5 B 6 D W N 9 M 8 y 9

O A US 4 X 6 10 W 0 0 H3 8 3 T Z x 8

Y 0 0 9 R 1 1 8 6 V 8 Y 7 2 U 2 3 Y 2

G 6 A 30 I D9 P Ø L E I R7 Z C 4 8 R

1 9 9 X 1 S 8 2 6 8 7 6 H 79809Z

3 9 2 6 3 2 5 1 8 3 7 9 4 7 2 9 8 6 6

9 8 Z 2 D 9 6 9 G 8 Q 0 K 7 M 6 8 2 X 3

0 7 1 B 6 P 3 F 7 K 1 N 9 F 8 D 3 G 1 .

9 K 1 F A 3 N 2 F 0 C 4 V 5 H 7 T 6 8 9

6 B 2 G 3 Z G 9 E 1 M 8 1 7 W 2 A 8 4

3 8 2 B 6 1 8 Z Q 1 2 K 9 Q x 3 Z

9 v 3 J 1 L 7 X 9 Y 6 0 3 G 0 N 8 0 6 2

2 1 C z o 6 Q 1 P 9 2 3 K 6 F 9 Y I 8

3 E0 S 3 PZD8DØ T 2 N M Ø D7

O 3 L 2 H 5 W 3 J 1 L 0 8 2 T 8 U 9

6 U 1 A 6 R 9 U 7 W i S 4 v 8 Y 9 P H 5

3 I 1 R 9 E 1 J 8 C x B 6 M 9 R 0 7 6

1 1 1 1 1 2 2 2 2 2 3 3 3 3 3 6 6 6 6 6

7 7 7 7 7 8 8 8 8 8 9 9 9 9 9 0 0 0 0 0

1 1 1 1 1 2 2 2 2 2 3 3 3 3 3 6 6 6 6 6

7 7 7 7 7 8 8 8 8 8 9 9 9 9 9 0 0 0 0 0

1 1 1 1 1 2 2 2 2 2 3 3 3 3 3 6 6 6 6 6

7 7 my my my 8 8 8 8 8 9 9 9 9 9 0 0 0 0 0

8 T 9 S 2 8 2 3 7 2 9 6 0 X 9 0 9 6 3 9

2 3 0 6 3 6 1 0 1 Z W X M Q J 3 8 B 8

7 K B 8 V 1 E 3 U I P L 2 M 7 3 B 0 1 9

C 2 2 0 2 1 1 2 3 C Ø L 1 1 3 9 F 3 A

re
pe
H
O

H
O
B

c
h
e
c
o
o

tobyv
o

ooo
b
d
o
n

AB
o
o

B
o
r
a
w

wD
o
w

v
o
o
w

D
A

H
u
g
o

H
O
N

H
O
W

O
O
O
O

H
o
w

v
a
n

N
4
0
0

C
O

-to

w
O
w
w

cowQ
v
o

V
O
O
N
E
O
N

toarh
y

aH
Z

&

A
N
O
U

O
o
Q
B

>
Q
O

4
A
Q
0
0

A
n
o
Q
Z

#
Q
Q
H
O

Q
r
p
v
c
0

coo
z
v

&v
o
o
N

v
e
C
O
OA

B
U
O
N

O
F

D
m
O

H
O
O
O
O
O
O
O
H
Q

co
b
a
b

Q
m
o

p
a
n
a

#☺
D
o
c
o

a
z
a
r
o

N
O
#

Q
r
Q
u
o
d

D
Q
H
A
O
A
Q

O
Q
O
Q
O
Q
O

aoz
a

D
o
c
o

Q
a
c
a

Q
a
c
a

v
o
d
v
o
u
W
O
N

Nc

O
D

Oooowc
o
d
e

moo
N7a

Q
O
Q
O

co

c
a
r
o

do

83



TM 11– 432

SIGNAL CORPS

A

Þ
z
m

A
z

AZ
A
N
O

A
N
A

Z

Z
G
A A

C
U
M

N
A

W H D

.

Tape No. 6 — 25 characters per minute

( All letters and numbers in random order, 5 words per minute )

A S D F 1 A P L K J 2 P Q E N G E Q X I 4 H 6 X Z

O B R 7 z 4 W T U 8 4 5 C Y M 9 5 A S D F Ø A V

NH 7 DQD Y U 6 S S M U R D N Y N G F V Z H T

G E C Q D H R N 4 D C K F K S A Y B J V 5 X U D

W E F N J O M H W R U M L 4 D F F 2 R X N H U

RH Y J M 0 P B K RH V Z C UN M v v AI F G 4

I U G Y Z L O H F W I G V B H 7 W X C F J J Z

I Μ Η Z X U V H 4 Z GYM 9 GAY

N V U J T S Y URD U BU 1 Z AJ V

RJ 8 A DL G K QI F F 2 4 Y H

RBQP G I PANHUD 4 P B M R

4 V B Y A G Y BH H U U

D KH 0 Q OHDR X Q C DU T 4 J BU 9

H G4

0 SY C B H JJD

ү со Y JS ну с A N

QGI FOS U W MA X

E H I DJI 5 OK U U H L T H M H C Z P Y

RF G D J QO V MQ 4 X U V H 3 Y SJ

M U 9 G D C D M W 4 D G B H G 5 U I U

JH D S X Y J H 92 T W N M 2 CA JK R T F M

U JW JE H G K S B U B F 9 TD K V U X X 5

W o 4 K HU G P P CJRU W 4 W U UW P D B D

F P Y DH 3 A x S x U U Q v F M M 0 5 2 K N UN

V U F W W V J V U 0 M Y W JH Y T X N Y F

F F M C E 4 W BU I P P R B U AU 4 S FH 5 Y A

U W D Q J K R S M C L H J F L X W M M 6 5

J 5 0 G T H 4 D C G U Ø x G V B J T

X D C N G 1 x S R v J P 5 4 E F G N Q

A G R U DFQNDU 4 4 5 Y NU 0 W ZU

SDM 5 P W I NU 9 PV U U U U U JH

J F 4 5 V P. H M S P P F D U 4 G CMRC

V U Q H X I KR I L U F NU 9 x 5 W TM

JG JP H D F 3 Z T U 8 Z V U Ø

QZ 4 S M HQS X E HI 4 BL M IZ

PF Y BH 2 v 4 UH o z 4 H N K A C

I Y BH 7 H T B N JY X W D F M 4 R F

F F F O L P K KH U AJ R D HD z w JH 5 o

G U W U N U V F S 5 S H J U Y W A OHM 0 4 T

U CAM K H J A F S B G R Z CA Y J G T Z R V V F

DB V R B H C V CW V HW Q F O J M B Q M E

S SI D F Ø Y 5 U BJ Z H D G UM O 4 x S RF 8 I

U R N U F P L J H M P JPI U JCHU J B H B S x

U JM 95AC H G 0 S T R R H X 5 V Y JU A AW K

TROV F D JH E Z Z U B T S P IN DU 9 J X S K

R U P L G TH D A M B B J Y P P C A D 1 S F A D 1

PK 2 L J P K 2 QN 3 E G QN 3 x V 6 I H x V 8 Z

B 7 OR Z B 4 T 8 W U 4 T 8 5 Y 9 CM 5 Y 9 A D

c
c
o
m
o
d
a
d
o

c
o
m
o

c
o
n

o
t
r
a
m

A
s
Q
F

H
A
U

Z

c
o
s
p
o
r

orm
y

zworsoman
y
B
Q

D
H
A

Wod
a

toK
N

a
m
o
n
g

c
o

A
B

O
A
O
O
A

A
D
O

F
E
D

O
F
k
a
u
s

S
o
c

D
a
y

N
Þ
B
M

H
O
N
U
M
Þ
o

84



TM 11 -432

CODE PRACTICE EQUIPMENT

A

Tape No. 6 — Continued

Ø S F A D 0 V V 9 I H 4 H 8 Q G X CUAR Y S M Q

HR T W I Y H 4 H F S D S H Y Q L G 5 D 7 Q F 7 R

R A F 0 D F J I F 4 V G A J 5 B J N H 1 X B 4 B H

I J A G D H B D G U 5 B I 4 J T H

RU X T 3 H M W RMU U 9 BJQ

4 CKS M A B Ø AVDY G U H0 X M G W

JG A B K G J E T H 4 J R X D Y D

у с 5 нтWнан 9 р в хон

XU 8 A D C K M R DØ 5 J P CU N M D

V F QF L W U X J V A D 0 K G X T7 Z Y U

9 D B 7 N G 4 v T I G Y D F z J M Y v A F

U S Q J 4 T R L T S P R V U J J J R A G 9 D U Q

H
o
w

D
o
n
a

Q
u
a
d

Q
o
r
k

D

AAA N=2વ89

Tape No. 17 – 35 characters per minute

(All letters and numbers in random order, 7 words per minute )

A Di S F A D 1 PK 2 L J P K 2 QN 3 E

G QN 3 X V 6 I H x V Z B 7 0 RZ B 7

4 T 8 W U 4 T 8 5 Y 9 CM 5 Y 9 A DOS

F A D 0 5 B 2 0 G Z D 6 X K 0 0 M P K Y

X V 2 o T DØ Z D 6 G U QY04 N 9 U

P N 2 K N L F 4 T M P T 6 I R I V 3

Z Y 6 R 4 T 8 Q D 3 S H H J B Z T 2 W

Ho N 7 X K 3 v G A Y 2 4 B 7 I J U B 1

N 8 CH 5 Y V N V 7 WR 4 H65 H 7 L

M QU 8 QY 8 R J P B S2 F 8 W JA J1

G W Q B 2 5 V6LU Z N 8

Q V W SJ 4 R 0 Q N J N U QK

5 T 9 Z G 0 0 H 4 v 7 5 Y 0

H7 JU X Y 8 A K 0 0 H PY 0

M X B 0 R T 8 H G I U 9 4 B 3

QK 9 G 4 B 9 AK 2 J

Η Μ Ν 9 D 3 N J 4 в 1 к N 8 T

T 9 s G 4 T 3 B W

G X N O P N D S M

K 8 E MO K 6 z Y PR

F T7 4 Y 8 0 H рро

U 2 O R Q V 2 N V 6 M

Y 2 Q

N 7 I M

5 T0 E

V Φ Ι Μ 4 Ν

TRC Q U J Z D 6 OG 4 DA

4 K 1 B 3 E H 2 B 8 L K 1 L

Q K 2 O H P K 7 O N 1 O G P G 1 A N 2 W

HU K 6 1 J 1 CU R R 2 T F 7 I HQT5

A B 1 D H A V Ø 5 N 7 K H 5 D 0 4 D 2 E

I Q D NQ N 3 LUZ Y 6 4 B 3 SH Z JC

H B 0 0 G X K 0 N Y 7 S H Z K Z 4 H 8 S

w
u
r
d

oowO
z
o

ycoz

O
z
U
Q
O
Q
C
H

H
O
D
O
H
O
H
F
D

&Q
v
8
O
O
8

-4
9

567888889<0

B
o
o
o
u
w

Z
o
e
y

CoO
r
o

o
c
c
o

N
Z
U

Z
N
B

AW

v
e

W
a
z
o

B

RM 3

85



TM 11- 432

SIGNAL CORPS

Tape No. 7 – Continued

Κ 3 ο Β Α ν 8 x D 3 I J x

V Τ Ο σ α Η 1 Ο Κ Α Ι Μ Ε Τ 8 Α Κ Ο Ι

W TG 4 N B I U 5 Y J 4 K P S H 4 B7

P Y H G R X TO A N SE U XJ0M Y 8 E

Q D B L R 4 K B Z N Ø Y H x D 3

M A V 2 4 B 8 O MZT2 4 N 1 S

PF 8 V BI W H Q YE 5 N Ø L U X D 1

5 B 1 w Z H 0 x V 8 T H R D 1 5 N 7 L

G K 2 U S C M N K O P Y 9 C U A N 2

Q Y 9 4 K B F U E Y 9 4 B 2 C

V K C G A N 8 CN 3 W А в в

M S U 6 4. V S J H A K 8 V N 1 0

F 1 F JQB B P R 9 E R X T7

G X T 8 O B 0 G R L T 8 Qк 9 к

I J Y V RN 6 U

M Z G 8

нав

H
A
M
O
N
H
O
14

M
M

O
O
M

: W

A
m
s
正
红
p
a
p
F
E
z
H
a
N
a
N
e
工
工
工
M
a
u
r
b
a
b
p
e
x
A
L
9
d
a
丑
I
江
r
a
丑
工
工
风

DC K M R DØ

B

五
五
日
A
w
x
b
a
a
a
a
z
工
于
五
s
h
x
A
b
r
F
a
n
I
b
r
a
r
a
丑
丑
I
江
x
x
日
a
v
N
x
N
x
A
D
丑
x

V 9 B

Q
O
N
D
O

B
O
B

#
Z
O
B

>
Q
U
O

UK

U
S
W
D
R
U
H

Š
4
D
W
F

B X o Y 1 I

E NU V FW

Y 2 V

U X G 2

K R S H Q E

U

E J

&H
C
G
o
r
a
z
d
o
u

sv
o
d
o
o

AC
A
S
Q

H E VJ

to
c

D N 5 Η Μ A H B D H U T H B J V U F L P

M H K Ø 4 D T K H H T W X V B E H x D

T G E F M X R V A V S R R W F S M M U Y

U A V 6 JD 8 D G Q JD B K J T F V F Ø

D D 9 C U Z N 5 5 R 4 H R 5 D 4 4 F U G

U U U N P V M T R P B 5 4 B 4 O U H T 5

DV CWGS G X P U X O H H T 9 X H W I

A
u

98



TM 11 - 432

CODE PRACTICE EQUIPMENT

HU 5 R

Tape No. 7 – Continued

U P B SV R V U MO V PZ Y 4

P M 5 Y F U J 2 v H R G U 4 K

H5 H S x B 2 V F G U U GJI

E U DJ B P H DI U Y N

AJ S B U Z 3 Q V E N RR

JQN0 X Y E M U D

Η Μ D Η 2 D B C

JZ U 1 Q Y H K U 4

enn
o
o
d

M D

M XP

K JAM H U B B z a T

T U B

BW H U J R 6 v

LU S 5 D 6 N F A

Q P v N U DNW G H Y

Y U 4 G X D P L R S D F

5 v 1 м qон А и с

Κ 9 K F Q 0 W BKBU Q v J

I F B D

B B Q v

OH X G 2

CJ T JJ

E M T T J U D0 W T

R Y H

H X J V J . N J W

PV 4 CU 4 H NT 4

r
o
x
y
A
g
a
z
k
u
n

H
r
A
P
K
o
u
o
k
t
a
e
k
u
n
i
x
x

Q
o
S

Q
U
D
D
E

E
D
U
D
H
y
u
c
u
m
b
u

W
W
D
D
D
V

odtoa
c
t
o

d
e

K
e
y

III0AS

ZOHI

Xн в у B M 5

w
a
a
n
x
w
x
日
日
日
s
w
N

M L

X G 9 S DK

DY 3 C M J B

U J 6 WU O H L LJ 6 W M AN TPM

JD BU U V 2 Y H H V

A F ZE G N N 7 T H N R H c U 5 v H U T

UM V 3 W V W V R A Y V F V J DH X GM

A H K F U 4 B J I Y 0 1 0 P 4 x U Q B

R 4 V 1 L M L F H Z J P M G V E J O N D

W



TM 11 - 432
T
a
p
e

N
o

.8–5
0

ch
ar
ac
te
rs

pe
r

m
i
n
u
t
e

(G
r
o
u
p
s

offi
ve

le
tt
er
s

a
n
d

n
u
m
b
e
r
s

,10w
o
r
d
s

pe
r

m
i
n
u
t
e

)

AL
T
H
R

P
O
M
T
R

D
L
S
M
T

W
O
E
S
X

T
H
B
U
W

Z
O
X
I
C

T
U
E
L
X

Q
P
S
I
X

ZT
R
M
N

B
P
Q

I
R
M
S

IW
L

A
L
C
I
T

T
U
Z
R
O

13597Z
A

I
Q
B

P
R
I
W
S

Z
I
V
B
C

O
P
Q
I

VM
I
R
O
W

N
O
N
E
S

AI
M
E
S

G
K
P
Q
Z

I
C
U
T
Y

V
I
S
L
X

N
I
O
W
Z

Q
P
S
O
T

EI
P
Q
Z

I
R

VE
X
P
Z
X
B
N

M
N
P
O
Q
R
V

E
M
P

T
Y
R
I

EP
X

IZ
O

W
Q
R
V
P

X
I
A
L
E

A
S
C
M
Y

87651I
R
Y
Q
O

P
Z
X
G
I

M
P
N
O
S
Z
R
A

T
P
Y
A
M
S
O

Q
P
W
X
M

Y
R
U
A
V

I
R

AB
U
B
E
Z

X
B
M
I
O
Q
R

V
D
X
S
G

G
H
R
M
P

P
Q
X
E
T

E
M
I

E
Z
P
T
W
P
Z

A
X
C
R
Q

G
U
M
O
U

E
U
I
R
Y

1357 9IH
Y
G
M

N
B
M
V
I

I
S
L
X
I

Q
P
Z
X
Y

IY
H
G
M

N
U
R
I

ZP
Q
R

V
E
C
I
M
P
L
Y
M
A

XZT
Y
E
X
P

A
W
Q
H
G

H
R
M
L

VT
P
O

V
M
R
V
Q
P
O

6472
0

I
M
X
Q
P

W
X
O
N
A

P
X
I
N
E

W
H
Y

A
R

T
Y
E
X
P

A
W
Q
H
G

H
R
M
L

VT
P
O

V
M
R
V
Q
P
O

64 72
9

IM
X
P

QQ
W
X
O
N

N
I
X
P

EYA
W
H
R

YC
O
M
N

C
R
A
C
T

IY
W
O

Z
T
Q
P
Z

A
X
I

F
E
Q
P
O
W
I

E
R
Y
T
A

L
S
K
D
J

F
H
G

Z
M
M
X
N

C
Q
R
A
S
T
P

U
T
O
N
G

H
O
R
M
O

P QR
W
S

T
Y
Z
X
L

L
M
H
Y
U

U
M
N
O
G

Q
O
X
I
X

Z
A
Z
I

EF
O
R
M
D

01932W
H

I
X
Z

A
R
P
H
U

G
U
H
I
L

W
Z
X
G
A

I
L
L
X
T

Y
E
I
S
L

X
I
X

L
W
P
Q
O
S
L

IE
L
M
S

N
X
I
O
Q

E O
W
L
X

T
E
Q
U
M

W
H
G

I
W
S
O
X
L
A

Y S
O
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1 - 2 SIGNAL CORPS

1. Purpose. a . Time interval apparatuses EE - 56 , EE -85, and

EE - 86 - A * are designed to afford chronological coordination of all

functions of fire control of the Coast Artillery Corps. The battery

commander and personnel concerned with the several functions at

observation posts, plotting rooms, and gun positions thus to a great

extent are guided and their functions coordinated , by means of proper

control of the time element, through accurate time interval programs.

6 . Time interval apparatuses EE -56 and EE - 86 - A , with the as

sociated bells MC -153, are designed for use in permanently installed

fire-control systems of fixed seacoast artillery Time interval appara

tus EE - 86 - A is of later design and includes certain improvements and

refinements.

c . Time interval apparatus EE - 85 , with the associated line con

nector unit EE -87 and time interval signal BE -65, is designed for

use in fire- control systems ofmobile seacoast artillery .

2 . Use. - a . General. — ( 1 ) Seacoast artillery must be able to fire

simultaneously on a number of relatively small, rapidly moving,

armored targets; make necessary changes in types of projectiles or

weights of propelling charges; and take full advantage of fleeting op

portunities to deliver an intensive and accurate fire .

(2 ) Timeintervalequipment is, therefore, an integralpart of fire-con

trol communication systemsof both fixed andmobile seacoast artillery .

6 . Provision for time interval signals. — (1 ) In fixed seacoast artillery ,

either time interval apparatus EE -56 or time interval apparatus

EE -86 - A is used to provide the timing of time interval signals . Either

is capable of providing time intervals suitable for any or all elements

of armament controlled from one fire - control switchboard without

requiring relays and local power supply in distant stations. A section

of the regimentalheadquarters battery, except in the case of separate

battalions, is responsible for operation and maintenance of the fire- s

control communication system , including the time interval system .

Installations and major repair or replacement are the responsibility of '

the corps area signal officer .

(a ) The EE -56 produces electrical signal impulses at 10 -, 15-,

20 -, and 30 -second intervals concurrently . The time interval impulses '

are transmitted to bells MC - 153 at observation posts , plotting rooms,

battery commanders' rooms, and gun wells and platforms of gun

emplacements. Additional auxiliary equipment is necessary for

switching desired time interval signals to all batteries and distributing

the signals to various locations within each firing battery. Switch

*No production was ever made under the nomenclature “ time intervalapparatus

EE - 86 ,” the first production having been designated "EE -86 -A ."
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5 . EE- boards BD - 15 (time interval switch-panel), BD -74, or BD -78, pro

divato. vide for switching any one of the four time intervals to each firing

Th-h battery . Frame FM - 5 provides for distributing the time interval

el fuoco signals in use in each battery to all bells employed within the battery

hus tos: time interval system .

meanse (6 ) Time interval apparatus EE - 86 - A differs from the EE - 56 in

rval that it produces electrical signal impulses for 1 -, 5 -, 10 -, 15-, 20-, 30 -,

fith140-, and 60 -second intervals and ordinarily would be used with either

Ni switchboard BD -74 or switchboard BD -78, both ofwhich provide for

stertal and switching and distribution .

( 2 ) In mobile seacoast artillery , timeintervalapparatus EE - 85, line

connector unit EE - 87, time interval signal BE -65, and batteries

uter lig BB -50 are used to supply desired time interval signals. In mobile

Esdin units , each battery is responsible for installation , operation , and main

tenance of its own time interval equipment; each is supplied with one

obieta : time interval apparatus EE - 85 , one line connector unit EE -87, five

mi time interval signals BE -65, and two batteries BB - 50 (12-volt

Turem -lä.

- projecta storage) .
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(a ) The EE - 85 produces electrical signal impulses for 1 -, 5-, 10-,

15 -, 20 -, 30 - and 45-second intervals , or other specially desired inter

wir vals as explained in paragraph 3c(4 ) (6 ) and (c).

(6 ) Line connector unit EE - 87 produces a 1,000 -cycle tone which is

superimposed on telephone lines in signal impulses as determined by

time intervalapparatus EE - 85 , to which it is connected .

(c ) Time interval signals BE - 65 are installed at gun positions and in

the plotting room . The time interval signals BE -65 are connected

directly to the time intervalapparatus EE - 85 .

3. Description . - a . Time interval apparatus EE -56. — This appa

· ratus is mounted on a hollow oak base and is provided with a protecting

a oak cover (fig . 1 ) . A bakelite terminal strip with seven binding posts

and a dial switch is mounted at the front of thebase. The dial switch

positions are designated OFF and ON . Two binding posts are

marked 30 VOLTS d -c for connection to 30 -volt direct-current power

supply, and five binding posts are marked C , 10, 15 , 20, and 30 for

connection to the common connection and 10 -, 15 -, 20-, and 30 -second

connections respectively of the time interval program circuits. The

motor, governor, cam arbor, and contactor assemblies are mounted on

a bronze casting which is bolted to the oak base. Over-all dimensions

of the complete unit are 1336 by 1076 by 14/4 inches and the net weight

is 45 pounds.

(1 ) Themotor is of series type, runs at 1,280 revolutions per minute

with 30 -volt direct-current power supply , and is equipped with ball

bearings. The motor is mounted vertically on the front end of the
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bronze frame, and the adjustable-speed centrifugal-type governor is

mounted on an extension of the motor shaft. A 100 -ohm resistor is in

series with the motor circuit. The motor drives a cam arbor through

a gear train consisting of two stages of speed reduction . One stage is

at the worm gear cut on the extended motor shaft and the other is a

set of spur gears , the larger of which is mounted with the cam arbor

assembly as the driving gear. The smaller spur gear is cut on one

end of the shaft on which theworm wheel is mounted .

the shaf
te

driv
ina

ger of inde
d
mee

-cam groups

-Cam -arbor assembly

- Cam disk

Spindle

Governor

Rod

- Clamps

- Driving gear

- Cover

Resistor

Shaft support

Motor

Starting switch

TerminalStrip

Base
Battery
binding

posts

Com -contactor
assemblies

Main frome

30 sec binding post

20 sec. binding post

15 sec. Dinding post

10 sec. Dinding post

Common binding post
TL- 3529

FIGURE 1 . - Time interval apparatus EE -56 .

( 2) The cam -arbor assembly is mounted on a spindle carried by a i

stationary steel shaft clamped at front and rear by two brackets which

form part of the frame casting . The spindle revolves about the sta- : |

tionary shaft on ball bearings, and is pinned to the driving gear at the

front end. The driving gear and four cam disksand the bushings for

separating them are mounted on the spindle and on three rods. The

frontends of the rodsare bolted to the driving gear at three equidistant

points close to the periphery of the gear. The other ends of the rods

are bolted to the fourth cam disk which is pinned to the arbor spindle

to prevent lateral movement of the cam disks. All four cam disks

are equipped with cam groups having projections which operate con
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tactors associated with the cam disks. Each cam group is fitted with

two dowel pins and a knurled-head screw which fit into two drilled

holes and one drilled and tapped hole close to the periphery of the

cam disk , and secure the group in place . All four cam disks are drilled
n . One step

and tapped to receive cam groups necessary for any one of the four

time intervals. All disks and cam groups are interchangeable .

NOTE: Time interval apparatus EE - 56 is normally assembled when issued so

that cam groups are arranged for 10 -, 15 - , 20 -, and 30 -second synchronized inter

vals on the first, second , third , and fourth disks from the front of the apparatus.

The first disk has six three-projection cam groups equally spaced at 60°, each

producing the firing signal and 1 - and 2 -second warning signals . The second

disk has four three-projection cam groups equally spaced at 90°, and the third

disk has three equally spaced at 120°. The fourth disk has two three-projection

cam groups equally spaced at 180°, each producing the firing and warning signals,

and two single-projection cams leading the other cam groups by 30°, each produc

ing a 5 -second warning signal. Each disk is drilled and tapped in the samemanner

so that if the cam groups are rearranged , any disk can produce any of the four

intervals and also a 60 -second interval to meet the needs of the particular harbor

defense project. Several additional single -projection and three -projection cam

groups are included so that various arrangements of preliminary , warning, firing,

and observing signals are possible .

(3 ) Four cam -contactor assemblies are mounted on the base of the

casting and are insulated from it by a bakelite strip . Each has screw

adjustments for duration of contact closure and for operation of rubber

bumpers which cushion the fall of the rocker arms.

b . Time interval apparatus EE - 86 - A . — This is constructed sim

ilarly to timeinterval apparatus EE -56 (fig . 2 ). Important changes

are the use of mahogany instead of oak , addition of four cam disks to

gain four more time intervals, increase of speed of the motor to 1,380

revolutions per minute, addition of a master timing contact (fig . 3 ) ,

an improved type ofmotor governor, and inclusion of a stroboscopic

tuning fork . Mounted on the terminal strip are a toggle switch and

eleven binding posts to accommodate the four additional time interval

program circuits . The positions of the switch and the battery and

time interval binding posts are designated as are those of the EE -56 .

Over-all dimensions of the complete unit are 18 by 11 by 15% inches,

and the net weight is 72 pounds.

(1 ) (a ) The improved governor is more positive in its adjustment

and operation . The governor gives constantmotor shaft speed within

+ 0 .25 percent at 27 to 30 volts.

(b ) The stroboscopic tuning fork is contained in a compartment in

the rear of the base of the apparatus. It is used to regulate themotor

speed , having a frequency such thatwhen it indicates a stationary pat

tern of the governor the speed of the motor is 1,380 revolutions per

carr
ied

rac
ket

s

abo
ut

the sot

ng gear3

e bush
ings

,

Tee rode

ee equid
isti

ds of the mi

arb
or

spe
t

our cam is

> ope
rat

e
at



TM 11 -433

SIGNAL CORPS

l
o

minute ( + 0.05 percent). The fork is made of chromium steel alloy

and the ends of the tines are each fitted with slotted brass pieces.

The entire fork is fastened securely in a black metal case which has

apertures to make it possible to look through the slots of the fork .

( 2) A master 1 -second timing -contact cam is driven through

another worm gear by the same worm which drives the cam -arbor

Cover

Battery
binding posts

cam disks
Terminalstrip

Cam contactor
assemblies

Main frame

toCover fastening

Base

N
A

Common

binding post
60 sec Dinding post

40 sec binding posti

( 30 sec. binding post

20 sec. Dinding past

15 sec. binding post

10 sec binding post

5 sec.Dinding post
y sec, binding post

TL- 3530

FIGURE 2. — Time interval apparatus EE -86 - A .

worm gear. This cam operates the master timing contact which acts

as themake contact of all time interval circuits.

(3 ) Additionaldisks and an improved method of spacing the drilled

and tapped holes are used in the cam -arbor assembly of the EE - 86 - A .

Seven disks are mounted in the same way as the four disks of the

EE - 56 . The eighth cam disk is pinned to a secondary spindle i

mounted on an extension of the arbor shaft. This secondary spindle !

is driven from the forward spindle through a two-stage spur-gear

train providing a step -up ratio of two to three, so that it rotates at 1 },

revolutions per minute. The first cam disk is cut from one piece of
steel to provide 60 projections equally spaced around its periphery .

The next six cam disks are drilled and tapped to receive cam groups

6



TM 11 -433

3TIME INTERVAL APPARATUS, ETC .

aim ster! at twelve equidistant points about their peripheries. The eighth cam

brasis disk , which is located on the 17 -revolutions-per-minute spindle, is

2184 white. drilled and tapped at eight equidistant points around its periphery .

of the fort Cam groups of the eighth cam disk are not interchangeable with those

Giren ter of the other six drilled and tapped disks.

he cam ?"

4 3 1 cam diskscam disks

Cam groups

Drive gears

Spindle
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Tension adjust
ing spring

Main adjusting
screw
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Master one second
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motor
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FIGURE 3. - Timeinterval apparatus EE - 86 - A --master 1-second timing contact and governor.
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NOTE : Time interval apparatus EE - 86 - A is normally assembled so that cam

groups are arranged for 1 ., 5 ., 10 -, 15., 20-, 30-, 40-, and 60-second synchronized

intervals on successive disks from the front of the apparatus. The projections

are cut into the periphery of the 1 -second disk , and the 5 -second disk has twelve

single -projection cams equally spaced at 30°. The 10 - second disk has six three

projection cam groups equally spaced at 60°, each producing the firing signal and

1 - and 2 -second warning signals. The 15 -second disk has four three -projection

cam groups equally spaced at 90°, the 20 -second disk has three at 120°, the 30

second disk has two at 180°, the 40 -second disk has one, and the 60-second disk

has one. Because cam groups are interchangeable for all but the 1 - and 40

second disks, any of the other six intervals may be produced on any of the six

disks, if cam groups are rearranged to meet the needs of a particular harbor

defense project. Additional single-projection and three -projection cam groups

are provided so that various arrangements of preliminary , warning, firing, and

observing signals are possible.

GO SPL
IT

Tot
ate

s
.

oneplanta

its peri
pez

met
plan 170



TM 11 -433

SIGNAL CORPS

c. Time interval apparatus EE- 85 . — This apparatus is contained in a

birch case with hinged cover and web carrying strap. A flush -haspi

clasp holds the cover securely in place. A spring-hinged section on

the left side of the cover provides entrance for field wire and battery

Cover

Shutter

H
o W
O

1Time intervallo

binding

posts gooooooooo Clock
binding

30 30 49 2008
posts

Battery
binding 1

Posts

- Clock

Starting
switch

com COM 10 15 20 30Time
interval

binding
posts

Catch

Carrying
strap

Case

TL - 3532

FIGURE 4 . - Time intervalapparatusEE -85 .

leads. The case is 7 by 11% by 14 % inches, and the entire apparatus

weighs 14 pounds.

(1 ) Two bakelite panels are mounted at the top of the case (fig . 4 ), ..

one providing an opening for the clock and a means for holding it

rigidly, and the other having switch SW - 105 and 25 binding posts on ?
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A Aush-is

d sactic

and bair

top and the interval-producing mechanism mounted on the under side

(fig . 6 ). Only the OFF position of this two-position toggle switch is

designated. Three binding posts TM - 152, with no designation , are

provided for the metal straps connecting the clock , and two binding

posts TM - 109 are designated + and — 12 volts for battery connection.

O
K
O

bar

Clock

Magnetic

Electro
magnet

tMotor
contact

Axle

tweight

Resistor
rspring

Auxiliary
contact

- cup

Spore
disks

TIME INTERVAL APPARATUS

EE -85

TL- 3533

FIGURE 5. — Time intervalapparatus EE-85 - clock and spare disks.

1 silent

re appa
rent

Also , four binding posts TM - 175 are provided for common connection ,

for any of the desired time intervals, two each for the 1-, 5 -, 10 -, 15 -,

20 -, 30-, and 45 -second intervals , one for the spare contact on the 90

second arbor, and one for the spare contact on the 120 -second arbor.

The time interval contacts are designated COM ., 1, 5 , 10, 15 , 20, 30 ,

45, SPARE 90 ' ARBOR, and SPARE 120 " ARBOR respectively .

(2 ) The clock is resonance type , electromagnetically driven from

the 12 -volt battery supply (fig . 5) . It consists of a center vertical

case the

Waldis

*Destill

4739980 _ 42 - 2 9
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axle upon which is mounted a heavy cylindrical weight, a contact

operating mechanism , and a magnetic bar suspended between the

windings of an electromagnet . At thebottom of the axle is fastened

a heavy spiral spring. The spring also is connected to a contact arm

which closes a heavy auxiliary contact. The time of one complete

oscillation of the clock is 1 second. A capacitor and a resistor in

Ratchet
wheel

Stop

Panel

+ Platepóst

Price
Stop

Drive

Drive bar

Tension
IR

4 nuit

bloch

Spytime
rei

STOD DOST

Armature
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Starting E
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Paw /

support
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magnet

Armature
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Capacitok

Resistor Contact
spring
Terminal
Strip

Support
ing post

Mounting
POS

Contact
Dressur

MENT

COD OD
adjust

TL - 3534 Terminals 'on under side'of panel

FIGURE 6. — Time interval apparatus EE -85 — driving, interval-producing,and contact mechanisms.

series are bridged across the motor contact of the clock . Also , a 10

ohm resistor in series with two 0. 5 -microfarad capacitors in parallel

is bridged across the auxiliary contact.

(3) The driving mechanism consists of a driving magnet which

turns the 90 -second arbor through a ratchet bar (fig . 6 ). The 120

second arbor is geared to the 90 -second arbor and turned by it .

(4 ) The actual interval-producing mechanism consists of the 90

second and 120 -second arbor pins, four bakelite disks mounted on

each of them , and heavy wiping contacts operated by the disks

(fig . 6 ).

10
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(a ) In addition to the main arbor pin of each arbor assembly , there

is a synchronizing pin projecting from each of the two gears, parallel

to the arbor. The bakelite disks are drilled to fit on both these pins,

one hole being at the center for the main arbor pin and the other hole

being off-center for the synchronizing pin . On each arbor assembly ,

the disks are separated from the gear and from each other by small

spacers. They are held in place by a brass washer and nut on the

main arbor pin , and may be removed easily .

(6 ) The 5 -second -interval disk is mounted next to the gear on the

90 -second arbor and has raised sections cut on its circumference to

hold the corresponding contact closed 1 second of each 5 'seconds.

Next to this disk is the 15 -second disk , having a raised section cut to

hold its contact closed for the last 3 seconds of each 15 -second inter

val. The third disk is the 45 -second disk , cut to close its contact for

the fortieth second and for the last 3 seconds of each 45 -second inter

val. These three disks are synchronized so that the last second of

each series of the 45-second interval coincides with that of the 5 -second

interval for two positions of the arbor, and the last second of each

series of the 15-second interval coincides with that of the 5 -second

interval for six positions. It is the position of the holes for the syn

chronizing pin which affords synchronization , the holes being marked

S5 , S15, and S45, respectively . The fourth disk operates the contact

connected to the binding post marked SPARE 90 '' ARBOR , the disk

furnished being a 45 -second disk similar to the other except that there

are three arbor-pin holes. To obtain delayed time interval programs

instead of synchronized programs, holes are drilled at two positions

other than the synchronized position on this fourth disk . The hole

for the synchronized position is marked S45, and the others aremarked

D5 and D15 (fig . 6 ) to denote 5 - and 15 -second delays in the time

intervals from the intervals of the synchronized position . To obtain

the desired delayed program , the synchronizing -pin hole so marked is

fitted over the synchronizing pin .

(c) On the 120 -second arbor next to the gear is the 10 -second disk ,

the raised sections of which hold the corresponding contact closed for

the last 3 seconds of each 10 -second interval. Next is the 20 -second

disk , cut to close its contact for the fifteenth second and for the last

3 seconds of each 20 -second interval. Third is the 30 -second disk ,

closing its contact for the twenty - fifth second and for the last 3 seconds

of each interval. These three disks are synchronized by the location

of their synchronizing-pin holes and are marked S10, S20 , and S30 ,

respectively . The fourth disk operates the contact connected to the

binding postmarked SPARE 120 " ARBOR. Either of two disks are

white
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E
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available to be used as the fourth disk . They are furnished with

synchronizing-pin holes marked S20 , D5, and D10 for one, and S30,

D10 , and D15 for the other. These disks provide delayed 20 - and

30-second intervals as indicated . One of these disks is carried on the

Icover

Shutter !

ummer

key

Battery

binding

posts

EE-85

connec:
tion +

binding

- Hvolume
key

Line

Posts Singing

t - Case

Hasp

Carry

LINE CONNECTOR UNIT
EE - 7

FIGURE 7 . - Line connector unit EE-87.
TL- 3535

120-second arbor, and the other is mounted on a stud inside the case

(fig . 5 ), with two blank 90- second and two blank 120 -second disks

which may be cut for any desired intervals within the scope of their

respective arbors.

(d ) The contact closed by the raised portions of each disk is in

series with battery, switch , auxiliary contact of the clock , and corre

sponding interval binding post and common binding posts (fig . 20) .

Each contact consists of a light spring armature which rides on the

1

12
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carried oné

disk , and a make-contact point which is in itself a screw adjustment.

d . Line connector unit EE -87. — The unit is contained in a birch

case similar to that of the EE - 85 , and has a hinged cover and web

carrying strap (fig . 7 ). A flush -hasp clasp holds the cover in place ,

a spring -hinged section on the side of the cover providing entrance for

k cover Capacitors +

Volume

key

Volume
control
resistors

Hummer
Key

ch
TraTransformers!

S
c
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Multiple
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= Hummers

OOO
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FIGURE 8. - Line connector unit EE -87 – internal view .

side the city
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copeof the

field wire and battery leads. A bakelite panel,mounted at the top of

the case, has sixteen binding posts TM - 175 and two Western Electric

479 -type key switches fitted on it . Inside the case are mounted six

transformers, one North Electric Company multiple relay, two dupli

cate General Radio 572B microphone hummers, and six 0. 1 uf ca

pacitors (fig. 8). The case is 7 by 11 by 14 % inches , and the entire

unit weighs 2672 pounds.
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( 1 ) Of the bakelite panel fittings, two binding posts are designated

+ 12 VOLTS - for battery connection , two are designated RELAY

for connection to common and desired time interval terminals of the

time interval apparatus EE -85, and 12 are designated in pairs for

connection to six telephone lines. One key switch , designated INT.

1 , OFF, and INT. 2 for the three positions of the key lever, connects

one or the other hummer to the circuit. The other key switch marked

LOUD , MED ., and LOW , controls the volume of the hummer tone.

( 2) Six transformers C - 231, wired as shown in figure 21, induce the

voltage output of either hummer on the telephone line terminals.

Transformer C - 231 has 350 turns on the coil connected to terminals

numbered 1 and 2 , and 850 turns on the coil connected to those

numbered 3 and 4 .

(3 ) The multiple -contact relay ( fig . 8 ) has seven knife contacts .

The moving contacts are mounted on flat springs. One contact

completes the circuit to the hummer coil primaries,and the other six

contacts complete the six circuits to the telephone line terminals .

(4 ) Each microphone hummer (fig . 8 ) produces 1,000-cycle tone.

The hummer is a push -pull arrangement of a carbon -microphone

transmitter button opposing a vibrator-type receiver. A small trans

former is a part of each hummer.

(5 ) A 0 . 1-microfarad capacitor CA - 166 is placed in series in each

telephone line circuit ( fig . 21).

e. Time interval signal BE -65. — This is a local battery howler

housed in a heavy , crackled black metal case with carrying handle .

A heavy screen grille on the front (fig . 9) covers a resonator chamber

and heavy , blast-proof diaphragm . The back cover is hinged at the

bottom and held in place by two knurled -head screws at the top .

There is a heavy waterproof gasket around the inside edge of the cover

and at the opening provided for entrance of the line wires. Inside the

case are a relay, a heavy vibrator acting on a diaphragm , a bakelite

terminal panel, and a battery compartment for two batteries BA - 23

(fig. 10) .

( 1) The small bakelite terminal panel has four binding posts

mounted on it. Two binding posts TM -152 are designated + 3

VOLTS , and two binding posts TM - 195 are designated LINE.

(2 ) The battery compartment consists of a metal slide held in

place when the cover is closed, upon which two batteries BA- 23 are

clamped in wooden cradles by means ofmetal straps and thumbscrews.

Leads are provided for connecting the dry batteries in series and to

binding posts on the terminal panel.

14
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designer
(3 ) The relay is of great sensitivity, having a large number of turns

A RELI on the coil; the resistance of which is 1,950 ohms. The moving
nals ofa

contact point is mounted on the pivoted armature, at the end away

n parsl from the coil. Stops for motion of armature both backward and

forward , a return tension spring, and a coil spring bumper are parts of
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FIGURE 9. - Time interval signal BE -65 - front view .
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the relay, the entiremechanism being mounted on an insulating plate :

The relay coil is connected to the terminals of the binding posts

marked LINE and the contactwhich it operates is in the horn magnet

circuit .

(4 ) The vibrator-diaphragm -resonator assembly , or horn assembly ,

is of extremely rugged construction (fig . 11). There is a strong

U -shaped electromagnet of only 0 .1 -ohm coil resistance. A diaphragm

15
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is fastened to the armature of this magnet. A post is fastened to the

diaphragm and passes back through themagnet to the magnet contact
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magnet
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armature

Capacitor
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Contacts
Contact -
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FIGURE 10 . - Time intervalsignal BE -65 - back with cover open .

assembly , or vibrator contact assembly . A 6 -microfarad capacitor

is connected in parallel across the vibrator contact, as part of the

vibrator circuit. A cone-shaped resonator is mounted in front of the

diaphragm .
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FIGURE 11. – Time interval signal BE -65 — horn assembly.

4 . Capabilities. - a . Fixed seacoast artillery time interval equip

ment. — ( 1) Accuracy of the motor governor, controlling factor of ac

curacy of time intervals, of time interval apparatus EE -86 - A is well

within the limits of accuracy of other functions of fire control and

their corresponding equipment. Accuracy of the motor governor of

time interval apparatus EE -56 is lower, but is commensurate with

accuracy of the other parts . It is necessary that personnel whose

functions are directed by time intervals be trained to react instantly

upon hearing the bell, so that no lack of uniformity in time of obser

vation or time of firing results.

( 2 ) In providing 1 -, 5 -, 10 -, 15 -, 20 -, 30 -, 40 -, and 60 -second intervals,

time intervalapparatus EE - 86 - A provides all timeintervals necessary

for observation , for firing of all calibers of guns, and for allmethodsof

placing fire on the target. Though fewer time intervals are provided

by time interval apparatus EE -56 , proper use of available intervals

results in almost equal flexibility.

(3 ) If bells MC- 153 are connected properly (par. 5a (3 ) (d )), either

fake time interval apparatus EE -86 - A or time interval apparatus EE -56

this will provide signals at all stations at which bells are located.

6 . Mobile seacoast artillery time interval equipment. — (1) Accuracy of

the clock , controlling factor of accuracy of time intervals, of time inter

473998° - 42 3 17
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val apparatus EE - 85 is lower than that of themotor governor of the

EE -86 - A , but is greater than the combined accuracy of equipmentof

other functions of fire control effected .

(2 ) Time interval apparatus EE - 85 and associated equipment pro

vide all time intervals necessary for observation and firing .

( 3) Timeinterval apparatus EE - 85 will provide signals at all places

where timeinterval signals BE -65 are to be located and at all telephone

stations which have the 1,000 -cycle tone signals superimposed on their

circuits by line connector unit EE -87.

SECTION II

EMPLOYMENT

Paragraph

Installation .

Preparation for use . . .

Operation .

i
!

5 . Installation . - a . Fixed seacoast artillery time interval systems.

( 1 ) Responsibility. -- Installation of time interval apparatus EE - 56 and

EE - 86 - A in permanent coast artillery fire-control communication

systems is under technical control of the corps area signal officer.

Also, any major repair to the time interval system which is beyond the

capacity of local coast artillery troops is referred to the corps area

signal officer.

(2 ) Location . - Either the EE - 56 or EE - 86 - A is installed in the fire

control switchboard room , as it is required that timeinterval apparatus

provide time intervals for any or all elements of armament controlled

from one fire -control switchboard , without relays and local power

supply in distant stations. Whether connected directly to bells or

through switching equipment, time interval apparatus is located con

veniently to the fire- control switchboard and other switching equip

ment and where it is free from vibration and extreme temperature

change.

(3 ) Connection . - (a ) It is recommended that both time interval

apparatus EE -56 and EE - 86 - A be used with switching equipment in

providing signals at the bells of all stations. For the installation of

either timeinterval apparatus, the binding posts marked 30-VOLT d-C

are connected across the 30 -volt switchboard battery supply bus by

running two lines directly to switchboard BD -65 (power panel).

When time interval apparatusEE -56 is used with switchboard BD - 15

(switching panel) and frameFM -5 (fig . 12), each time interval binding

post 10 , 15, 20, and 30 is connected to the corresponding time interval

bus 10 , 15 , 20 , or 30 of the BD - 15 , and the common binding post C is

lu
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governoré connected through the 30 -volt switchboard battery supply bus (at the

of equipme BD -65) to the common bus C of the BD - 15 . Switchboard BD - 15

provides the desired time interval for any gun battery and frame FM - 5

equipment: distributes the time interval to all bells within the battery. In effect ,

firing time interval apparatus program circuit, battery, switchboard, frame,

nals atall in and bell are connected in series .

at alltelkezi (6 ) Either time interval apparatus EE -56 or EE -86 - A is used

mposed on : with switchboard BD -74 or BD - 78 . Both switchboards have a

double row of jacks in each section , an upper row of line jacks and a

lower row of tie jacks, as shown in figure 13 . The common binding

post C of the EE - 86 - A is connected through the 30-volt switchboard

battery supply bus (at the BD -65) to the tip terminals Ti of all tie

jacksand the tip terminals T of all line jacks of the BD -74 or BD - 78

which are used to furnish any of the eight time intervals . Each time
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O P interval binding post (1, 5 , 10, 15 , 20 , 30 , 40, and 60) is connected

ali to the sleeve terminals R1of the tie jacks and the sleeve terminals R

1 to best of the line jacks which are designated as furnishing that particular

state time interval. The line which runs to the bells of each battery is

connected to the tip terminal T and the sleeve terminal R of one of

the tie jacks which furnishes that time interval which is customarily

used by that battery . Careful examination of figure 13 shows that

isted when no plug is in the tie jack to which the line of the particular

battery is connected , the customary time interval is connected directly

The city to that battery . If another time interval is desired, a patching cord

TOLE is plugged into a line jack designated as furnishing the newly desired

chest time interval and into the tie jack to which the line of that battery

medier is connected . Plugging into the tie jack disconnects the formerly

BP desired time interval circuit at the tie jack and applies the presently

hinese desired time interval supplied by the patching cord. Thus each bat

inter tery receives its customary time interval without the use of patching

al cords and their use is resorted to only under unusual circumstances
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requiring a different timeinterval,which then is available at a selected

number of line jacks. In effect, time interval apparatus EE - 86 - A ,

30 -volt battery supply , switchboard BD - 74 or BD -78 , and bells

MC- 153 complete a series circuit. Very few EE - 86 - A have been

procured and at the time of writing none of them have been installed.

All switchboards BD - 74 and BD - 78 in use are connected to time

interval apparatus EE -56 . The connections are similar to those

described above except that only 10 -, 15-, 20 - and 30 -second intervals

are available .

i Line

i Jack

6 6 6

Time Interval Apparatus E E - 86 - A

5 . 15. 38 68
→ TO 30V.
→ Swbd.supply

To 119 12 118 31 bus OnBD -65

L---T
I

j

Jack

66

Bells

TL - 3541
MC-1530 Switchboard BD - 74 or BD -78

FIGURE 13. — Time interval apparatus E E -86 - A - connection through switching equipment.

(c ) If the bells are connected directly to the time interval apparatus

without the use of any switching equipment, the arrangement is a

series connection of time intervalapparatus, battery supply, and bell

(figs. 12 and 13 ).

(d ) Time interval apparatus EE - 86 - A is designed to operate with

bellsMC- 153, and it is recommended that bells MC- 153 be used also

with the time interval apparatus EE -56 , although the EE - 56 was

originally designed for use with several older types of bells. For best

operation it is suggested that the two coils of each bellMC- 153 be

connected in parallel up to the distance where the line loop resistance

is 500 ohms, and in series beyond that point. Whether one or several

bells are connected to one line depends on positions of the bells in
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ata sely relation to each other and distances of the bells from the time interval

s EE . source. Also , if several bells are connected to one line, determination

3, and be of whether the bells should be connected in series or parallel with

I have to each other depends on the distance from the time interval source and

en install the number of bells connected. Never does one line carry bells of

ited to more than one seacoast artillery battery . The characteristics of the

ar to the bell-wiring system which must be considered in designing the system

ind interna are that 15 bolts are required to operate each bell and that the cal

culated direct-current resistance of the line and bells between the

source and a particular bell should be approximately equal to and

never appreciably greater than the resistance offered by that bell.

b . Mobile seacoast artillery time interval equipment. — ( 1) Responsi

bility. - Installation of time interval apparatus EE -85 and associated

equipment,line connector unit EE -87,and timeinterval signalBE -65,

is the responsibility of the gun battery in either tractor-drawn or

railway seacoast artillery. Each gun battery is allotted one time

interval apparatus EE -85, one line connector unit EE -87, and five

time interval signals BE -65, in addition to the necessary number of

storage batteries.

( 2 ) Location . — (a ) Time interval apparatus EE -85 is installed in

the plotting room * , in a convenient and safe place, preferably in a

place which allows space for associated equipment and which also is

easily accessible to the telephone strip into which come readers'

telephone circuits . Line connector unit EE -87 is installed in the

plotting room adjacent to the EE -85 (fig . 14 ) .

(6 ) Time interval signals BE -65 are installed at gun positions and

in the plotting room in the manner best suited to assure that firing

crews of all guns and range and fire-control crews will hear all signals

easily . This arrangement may be for a BE -65 at each gun, one for

two guns, etc., depending on distances between guns and the decision

of the battery commander. In addition there should be at least one

time interval signal BE -65 in the plotting room (fig . 14 ). The one

BE -65 in the plotting room provides time interval signals for the

plotting room stations of range, deflection , and battery order nets ,

while those at the guns provide signals for the gun position stations

of these samenets. For this reason it is not obligatory to superimpose

tone on telephones to these stations (fig . 14 ) .

(3 ) Connection . - (a ) Both time interval apparatus EE -85 and line

connector unit EE -87 are connected to the same 12 -volt battery power

supply. Care must be taken to connect the battery to the correct

--74 ore
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binding posts as designated plus or minus or + 12 VOLTS - on the

CE - 85 and EE - 87 .

(6 ) The binding post of the EE-85 marked C and the one required

Line /
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Telephones Telephones
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Storage

Battery

L .C . U . E£ .87 Til. A . EE -85

Connected for

Ty Delayed Firing

Hola
co
la

die

leerdاعمامهلا

Time Interval Signals BE-65 TL- 3543

FIGURE 15 . - Installation diagram formobile artillery time interval equipments.

for the time interval program desired for observation purposes are

connected to theRELAY binding posts of the EE -87 (fig . 15).

(c) To superimpose the 1 ,000-cycle tone on telephone lines to the

observers, connection is made from two of six pairs of line terminals
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of the EE -87 to the two armsetters' telephone lines (fig . 14 ), preferably

at the terminal strip . Because the armsetters ' lines are connected

directly to the readers and because observers ’ headsets are connected

to readers ' telephones in parallel with readers' headsets, tone is avail

able to observers.

(d ) The other four pairs of line terminals of the line connector may

be used, if desired , for a third observer , to the two spotters' lines, to

the range net, to the deflection net, or to the battery order net. If

any of these extra lines are used , it will be principally for supple

mentary coordination , because the signals of the time interval signals

BE -65 will be available to all mentioned except the spotters who are

.concerned with the splash or impact of the projectile .

(e) Similarly , the common C and time interval binding posts of the

EE -85 which provide the desired firing time interval program are

connected to the time interval signals BE -65 at the binding posts

marked LINE . Delayed firing programs or different programs may

be desired for different guns, but all time interval signals BE -65 for

which the same time interval program is desired should be connected

in parallel to keep voltage drops at a minimum and to assure good

operation of every BE -65 (fig . 15 ).

The two batteries BA - 23 of each BE - 65 are connected in series

and to the binding posts + 3 VOLTS - , care being taken to connect

the plus binding post of one battery to the terminal strip binding

post marked plus, and the negative binding post of the other battery

to the terminal strip binding post marked minus. Center binding post

of BA -23 is positive. Caution : The two batteries BA - 23 must be

disconnected from the terminal strip binding posts (fig . 10 ) when

time interval signalBE -65 is not in use. This prevents battery drain

if the sensitive relay should close during handling, and assures long

life for the batteries.

6 . Preparation for use. - a. Fixed seacoast artillery time interval

equipment. — While no preliminary adjustment should usually be

necessary for time interval apparatus EE - 56 or EE - 86 - A ,it may be

necessary to check the governor adjustment.

(1 ) The governor adjustment of the EE - 56 may be checked to

sufficient accuracy with the use of only a stop watch . Using the

small tension adjustment screw on the rotating arm of the governor

(fig . 16 ) and timing the revolution of a mark on one of the disks, the

governormay be set so that the disk arbor rotates at the required one

revolution per minute, and correspondingly , the motor runs at 1,280

revolutions per minute within desired limits of accuracy . To increase

the speed of the motor the screw is turned in a counterclockwise

direction ,
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( 2 ) The governor of time interval apparatus EE - 86 - A also may be

adjusted to a very high degree of accuracy .

(a ) The stroboscopic tuning fork (fig. 3 ) affords a positive and

direct means of adjustment in connection with the use of theadjusting

screw which changes the tension on the secondary spring of the

governor (fig . 3 ) . Remove the cover from the governor housing by

loosening the four screwsholding it in place. Remove the stroboscopic

tuning fork from its compartment in the rear of thebase of theappara

tus. Place a light in such position that it illuminates the governor

thoroughly, and shade it so that it does not shine in the eyes of the

observer at the front of the apparatus. Pinch the tines of the fork to

start vibration and view the rotating arm of the governor through

the slots in the brass pieces at the ends of the tines of the fork . To

obtain the sharpest pattern it will be necessary to turn the fork so

that the plane of the viewing slots form an acute angle with the eye,

thus narrowing the angle of vision . For best results in viewing the

governor pattern, close the eye which is not being used .

(6 ) If the governor is correctly adjusted and the motor is running

at correct speed , the viewing eye should see a sharp pattern of the

rotating governor arm which may oscillate slightly back and forth.

If the apparentmotion of the governor is continuously in one direction ,

the governor should be adjusted by means of the knurled -head screw

at the front of the extension arm near the top of the shaft. If the

apparent motion of the governor arm is clockwise (when viewed

through the slots in the fork ) , turn the adjusting screw in a clockwise

direction to bring themotor to correct speed . If the apparentmotion

of the governor arm is counterclockwise, turn the adjusting screw in a

counterclockwise direction to bring the motor to correct speed .

Correct speed of the motor will be indicated when the viewing eye

sees the sharp slowly oscillating pattern of the governor arm as pre

viously described . In general, when it is necessary to speed up the

motor, turn the governor adjusting screw slightly in a clockwise

direction , and when it is necessary to slow down the motor, turn the

governor adjusting screw slightly in a counterclockwise direction .

Directly in back of theknurled head of the screw , the proper direction

of turning the screw is designated by an arrow and thewords FAST

SLOW .

b . Time interval equipment of mobile seacoast artillery. --- This equip

ment, including time interval apparatus EE -85, line connector unit

EE -87, and time interval signal BE-65, requires no preliminary

adjustment.

7 . Operation . - a . Fixed seacoast artillery time interval equip

ment. (1) The organizational unit of fixed seacoast artillery which
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is responsible for operation of the fire-control telephone communication

system is responsible also for operation of the time interval system .

This responsibility depends upon the harbor-defense project and the

desires of the local commanders.

(2 ) Since all time interval program circuits of either time interval

apparatus EE -56 or EE - 86 - A , when operated with switching equip

ment, are connected directly to busses at all times, no changes in

connections need be made at any time during operation . The

starting switch must be turned to theON position and the apparatus

runs with no further attention , other than routine maintenance

inspection . If any change of time interval program to any battery is

desired, the change'is made by means of the switching equipment in

use.

(3 ) If time interval programsare connected to bells directly , when

using either EE -56 or EE - 86 - A , any change in program is made by

changing the connection at the terminal strip . The wire to the

particular battery is changed from one time interval binding post to

the desired time interval binding post (figs. 1 and 2). No change in

thewire to the common connection binding post C is necessary .

(4 ) The metal cover of the governor housing of the EE -86 - A must

be fastened securely in place to reduce electrical disturbance. The

wooden covers must be placed on both the EE -56 and EE -86 - A for

protection from dust and moisture.

6 . Mobile seacoast artillery time interval equipment. — (1 ) Each gun

battery of either tractor-drawn or railway artillery is responsible for

operation of time interval apparatus EE - 85 and associated equip

ment, line connector unit EE -87, and time interval signals BE -65.

(2 ) Once all connections have been made to supply observing and

firing intervals as prescribed , no particular supervision is necessary

other than to see that all equipment is functioning properly . The

toggle switch of the time interval apparatus EE - 85 (fig . 4 ) is thrown

to the ON position to start the generation of time interval impulses

transmitted to both line connector unit EE - 87 and time interval

signals BE -65.

( 3 ) The starting key of the line connector unit EE - 87 (fig . 7 ) is

thrown either to position INT. 1 or to position INT. 2 . The hummers

connected to either position give signals of equal strength and clear

ness when new . After someuse it may be more desirable to use one

hummer than the other. The key of the EE -87 controlling loudness

is thrown to position marked LOUD , MED ., or LOW , whichever

provides the most desirable signal in the head sets of observers and

readers.

(4 ) Any change in time interval program for observing interval or
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firing interval may be made by changing connections to either time

interval signals BE -65 or line connector unit EE -87 at the time inter

val apparatus EE -85 (fig . 5 ) . It is necessary to change only the wire

to the time interval binding post, the common connection C remaining

unchanged.

(5 ) When equipment is operating, all covers are fastened securely

so that the several units will be protected from dust and moisture.

This is possible because each is provided with openings for entrance

of all connecting wires.

SECTION III

DETAILED FUNCTIONING OF PARTS
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8 . Time interval apparatus EE -56 . - a . The motor of time

interval apparatus EE - 56 is the prime mover actuating all mecha

nismswhich operate the severalelectrical contacts . These contacts in

turn supply the various time interval impulses by completing circuits

through a 30-volt battery power supply and switching equipment to

the bells. As controlled by the adjustable -speed centrifugal-type

Euch! governor, themotor runs at 1,280 revolutions per minute, if the power

Donsible supply remains at from 27 to 30 volts direct current.

b . ( 1) The action of the governor is to open and close a contact

which places a shunt across the 100 -ohm resistor in series with the

motor. This is done by the centrifugalforce on the small weight as it

rotates (fig . 16 ). This force acts against a tension spring, tending to

cause the lever or strip to be lowered. Since the lower or movable

governor contact is mounted on this strip , the contact is broken if the

speed is so great that the strip is moved downward far enough . Con

versely , as the motor slows up the centrifugal force is reduced , the

strip is raised , the contact is closed , and the resistor is again shunted

out of the motor circuit . These effects alternate continually as the

governor rotates,keeping the motor at a constant speed .

(2 ) When the resistor is in series with the circuit of the series field

motor, resistance of the circuit is greater and the field current less .

Chocina Also, the reduction in field current slows the motor. As the shunt

bichuet again is placed across the resistor, in series with themotor field wind

ing , by reduced centrifugal force, resistance is reduced and the current

and speed increase until the shunting contact is broken and the se

terricht quence is repeated .
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(3 ) The lower, movable contact is connected through the governor

parts and the shaft to the contact spring which is wired to one side of

the resistor. The upper, stationary contact is connected through the

upper contact screw , which is insulated from the rest of the governor

parts, to a terminal wired to the other side of the resistor.

(4 ) There are two possible adjustments which change the motor

speed at which the contact is made and broken (fig . 16 ) . One is the

tension adjustment of the governor spring which, when turned coun

terclockwise , increases the tension of the spring . The speed of the

motor necessary to overcome this tension , by creating enough force on

ON

THE
GE

e
contact

TOLL

Upper contact screw - Home - Lock nut

Insulators
Terminal Upper contact

Frame - Moving (lower)

Strip Governor

Fly ball Tever
weight

- Tension

adjustment

Spring

- Shaft
TL - 3503 contact spring

FIGURE 16.--- Time interval apparatus E E - 56- - governor.

adjust
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DSMwwwwww
w wwwwwww

the weight to break the contact, is increased . Turning the adjusting

screw clockwise decreases the motor speed. The other adjustment,

by moving the upper contact screw , is less precise . However, if the

screw is turned clockwise or downward , the contact is lowered and it

takes greater movement of the strip and weight, and consequently

higher speed, to break the contact. Turning this contact screw

counterclockwise decreases the motor speed .

c . The reduction in speed afforded by the gear train between motor

shaft and spindle shaft ofthe cam -arbor assembly is such that the arbor

assembly rotates at one revolution per minute. The entire program

group assembly is synchronized so that at least once every complete

revolution all firing- signal cams, or final signals of the time interval

cam groups, strike their corresponding rocker arms simultaneously.

d . ( 1) As each cam projection strikes the striking block at the upper

end of the rocker arm , the rocker arm pivots (fig . 17) . Then the lower ,

moving contact, mounted on the strip fastened to the rocker arm ,

makes contact with the upper contact as long as the rocker arm is held

28



PW1.35:11-435

TM 11 -433

TIME INTERVAL APPARATUS, ETC.

the gore

to one si

A through

the gore

down by the cam projection . As the cam projection releases the rocker

arm , the lower contact falls because of its weight and the tension of

the retractile spring.

(2 ) The cam -contactor assemblies are mounted on the base of the

casting and are provided with two adjustments . The first adjustment

regulates the duration of contact closure. This adjustment also perge the
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Bumper HKX Connection

Rocker Arms Lower

Retractile Spring Contact

Strip

Grommet
Insulating Plate Holder

T6- 3545

FIGURE 17. - Timeintervalapparatus EE-56 - cam contactor.
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(3 ) In the electrical circuit, the terminal of the moving contact of

all contactors is brought out to the common terminal C on the ter

minal strip , and the other terminals of the contacts are brought out

individually to the terminals on the terminal strip marked 10 , 15 , 20 ,

or 30 , corresponding with the 10-, 15 -, 20 -, or 30 -second time interval

cam disks (fig . 18 ).
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9 . Time interval apparatus EE -86 - A . - a . The motor of time

interval apparatus EE - 86 - A differs from that of time interval appa

ratus EE -56 only in that it is designed to run at 1,380 revolutions per

minute and that an electrical interference suppressor circuit is pro

vided (fig . 19).

6 . ( 1) Themechanical action of the governor is different from that

of the EE -56 , though theuse of centrifugal force in making and break

ing an electrical contact is fundamental. In the EE - 56 , the action of

centrifugal force on the tension spring of the moving arm causes the

strip to be lowered . However , on the governor of the EE - 86 - A , the

vertical movement of this strip as it whirls is transmitted to a second,

nonturning strip by means of a small swivel-like joint. This joint

consists of tiny jaws fastened to the lower, rotating strip , which clutch

a projection from the upper, stationary strip , and impart vertical

movement butno rotatingmotion to the second strip (fig . 3 ) .

(2 ) This second strip is pivoted at one end ,moving against the ten

sion of the coil spring attached to themoving arm ofthe governor,but

aided by the tension of a coil spring attached to a stationary arm , and

operates the lower contact mounted on the other end . This contact

moves only up and down , so that the excessive wear of the rotating

lower contact of the EE - 56 is eliminated and necessary adjustments

are greatly reduced in frequency and amount.

( 3 ) Adjustment of the governor is made by turning a small screw

on the stationary arm which is attached to the second , nonrotating

spring . This screw adjustment is made as explained in paragraph

6a (2 ). There are also the same two adjustments which are part of the

governor of the EE -56 , the up -and-down adjustment of the upper

contact and the adjustment of the tension spring mounted on the

rotating arm . However, the primary screw adjustment explained in

detail is the only one necessary for operating personnel to use.

(4 ) The electrical action differs only in that the resistor in series

with the motor is a 125 -ohm resistor, and that an interference sup

pressor across the contact consisting of a 0 . 1 -microfarad capacitor in

series with a 100 -ohm resistor, is provided (fig . 19).

c. The cam -arbor assembly of the EE - 86 - A is driven like that of

the EE - 56 , but has the additional gear train to drive the shaft of the

eighth cam disk from themain shaft , increasing thespeed from 1 revolu

tion per minute to 1} revolutions per minute, or from 60 seconds to

40 seconds for a complete revolution . The entire program group

assembly is synchronized so that once for every complete revolution

of the 60 -second disk all firing signal cams strike their corresponding

rocker arms simultaneously .
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d . Action and adjustments of the cam -contactor assemblies of the

EE -86 - A are similar to those of the EE -56. However, the impor

tance of the adjustments is reduced by use of the master 1-second

timing contact. The master 1-second timing contact cam (fig . 3 ) is

driven at one revolution per second, through a worm gear, by the

sameworm which drives the cam -arbor drive worm gear. The posi

tion of the master cam on its shaft is such that, if necessary adjust

ments are made on the cam - contactor assembly, all contacts which

are actuated by disk cams close and open before the corresponding

operation of themaster 1 -second timing contact. The master cam

is designed so that it will hold the master contact closed until after

any or all of the time interval circuits, which were closed that particu

lar second, are opened by the disk cam projections (fig . 3) . The con

tact is closed by the raised portion of the master cam which operates

the contact spring , the spring opening the contact.

e. From d above it is seen that when any disk cam closes the con

tact of its circuit for any particular second, that circuit is completed

by the master contact and opened by the disk cam contact. Thus

the master cam assures the accuracy of every time interval, and the

cam -contactor assembly adjustments determine the length of contact

closure. As long as the governor is correctly adjusted with the

stroboscopic tuning fork , the time interval is accurate because of the

master cam . The time intervals remain constant over a long period

because of the carefully adjusted motor speed .

10 . Time interval apparatus EE - 85 . - 9 . The clock , or electro

magnetic motor, of time interval apparatus EE - 85 operates the motor

contact, its own driving circuit contact , the auxiliary contact, the

contact which completes the driving magnet circuit , and also the time

interval program circuits (fig . 20) . In the stopped position of the

clock, the mechanism holds the motor contact closed so that when

the apparatus is turned on and battery applied , the circuit is com

pleted through the electromagnet, giving an impulse to the bar. The

contact-operating mechanism is so constructed that the contact is

closed once for each complete oscillation of the bar and weight, the

time of oscillation being 1 second . The capacitor and resistor bridged

in series across the motor contact prevent electrical interference

with radio and other communications.

b . The auxiliary contact remains closed approximately 0.4 second

during each 1 -second oscillation of the clock . Each time it closes it

completes one circuit through battery, switch , and diiving magnet ;

another circuit to common connection C and 1-second interval binding

posts 1 through battery and switch , which provides the 1 -second

interval direct from the auxiliary contact; and all circuits to the com

3:2
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mon C and the other interval binding posts through battery, switch ,

and any interval wiping contactwhich is closed at the time ( fig . 20 ).

c . As the circuit is completed through the driving magnet, the

magnet armature moves the ratchet bar against the tension of the two

springs. As the circuit is broken , the armature is released and the

armature and ratchet bar are returned by the spring tension ( fig . 6 ).

As the ratchet bar moves back , the fitting across the long slot in the

bar contacts a tooth of the ratchet wheel and turns the wheel one

notch . There are 90 teeth on the ratchet wheel, so that it makes one

complete revolution in 90 seconds. The small pawl, which is kept

against the teeth of the ratchet wheel by the flat spring, prevents the

ratchet wheel from backing up. The tension adjustment on the one

spring which returns the ratchet bar, and the stop adjustments of the

magnet armature stop and of the stop at the ratchet -wheel end of the

ratchet bar, determine the proper action and travel of the ratchet wheel.

d . As the 90 -second arbor is turned by the ratchet, it turns the 120

second arbor through two spur gears, so that the latter makes one

complete revolution in 120 seconds. As the two arbors turn , the raised

portions of the disks mounted on the arbors operate the wiping con

tacts against the action of flat contact springs which make the spring

shoes ride firmly on the peripheries of the disks (fig . 6 ). As the mov

ing contacts which are mounted on the contact springs are operated

by the raised portions of the disks, the contacts for the particular

time interval program disks are closed .

e . The disk -operated contacts close before and open after the

auxiliary contact, whether the raised portion of the disk includes sig

nals for 3 seconds or for only 1 second . Thus accuracy of length of

the interval and duration of the signal both are determined by opera

tion of the auxiliary contact . The circuit, consisting of a resistor in

series with two capacitors in parallel, bridged across the auxiliary

contact, reduces arcing and prevents electrical interference with radio

and other communications ( fig . 20 ).

11 . Line connector unit EE -87. — a . The fundamental operation

of line connector unit EE - 87 is actuation of themultiple relay by time

interval impulses generated by time interval apparatus EE -85. The

coil of the relay is connected to the binding posts by which the EE -85

is connected to the EE - 87 (fig . 15 ) . When the coil is energized it

moves the armature about the pivot point of the relay and against the

force of the return spring of each contact. All seven contacts are

closed simultaneously, completing one circuit through the battery,

resistor RS- 55 , and the primary coil, transmitter , and receiver of the

hummer in use, and six circuits each through a transformer secondary ,

and a capacitor CA - 166 to the line binding posts (fig . 21 ).
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b . As the contact completes the circuit through the one push-pull

type microphone hummer which is turned on , the carbon -granule

transmitter button resonates with the vibrator-type receiver. Reso

nance is at approximately 1 ,000 cycles per second, producing the tone

which is induced in the secondary winding of the hummer with an in

creased voltage. The volumeis controlled by the amountof resistance

put on the circuit by the volume switch : zero for loud, 20,000 ohms

for medium , and 70,000 ohms for low . The circuit is complete through

the secondary coil of the hummer, the connections of the two hummer

keys, and the primaries of all six transformers C - 231 in series .

c . Because the six circuits through the transformer secondaries are

completed by the relay simultaneously with the production of 1,000

cycle tone in the primaries, 1,000 -cycle tone is induced in the trans

former secondaries and putout on all lines connected . There are 350

turns of wire in the primary coil of the transformer and 850 turns in

the secondary, a voltage increase of 2 .43 to 1. The transformer

secondary windings are connected through individual relay contacts

and 0 .1 -microfarad capacitors to the line binding posts (fig . 21), so

that the telephone lines will not be inductively coupled to one another

except for the 0.4 -second periods during which tone is actually being

superimposed on the lines. The 0 . 1-microfarad capacitors prevent

battery drain when connected to common battery telephone lines.

12. Time interval signal BF -65 . — a . The coil of the relay of time

in terval signal BE -65 is connected to a time interval circuit of time

interval apparatus EE -85 and receives the impulses produced on that

p articular time interval circuit. As the coil is energized , it moves the

armature of the relay against the tension of a coil spring (fig . 10) . The

armature closes the contact which completes a circuit through the

batteries and the horn magnet (fig . 22). The contact remains closed

for the duration of the 0 .4 -second signal impulse, being opened by

the spring tension when the coil is no longer energized .

b . As the sensitive relay completes the horn circuit, the two bat

teries BA -23 energize the horn magnet . The horn magnet is a strong

electromagnet, the current through the coil being relatively great.

The magnet moves the heavy magnet armature which is attached to

the diaphragm . A post, attached to the diaphragm , runsback through

the center ofthe armature and the magnet (fig . 11). As the armature

is drawn to the magnet, the other end of this post strikes the heavy

contact spring of the vibrator contact. Because the moving contact

point is mounted on this spring, the post breaks the circuit through

the batteries and horn magnet.

c. The circuitmay now be completed only through the6 -microfarad

capacitor, which will pass only current of changing voltage, no direct
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current (fig . 22). However , the magnet coil does not lose its energy

instantaneously ; instead , the energy falls rapidly to zero . The capaci

tor will pass this changing current very readily . Therefore, its effect

on the entire circuit through batteries, horn magnet , and capacitor is

to increase the speed with which themagnet loses its energy.

d. When the horn magnet loses its energy , the armature is released ,

the diaphragm tends to return to its original position , and the contact

spring forces the post away and remakes the vibrator contact. This
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FIGURE 22. — Time interval signal BE-65- circuit diagram .

shunts the capacitor out of the circuit, again a circuit is complete for

the passage of direct current through batteries and horn magnet, the

magnet is energized , and the motion of the armature moves the dia

phragm and breaks the magnet (vibrator) contact.

e . The rapidity with which the magnet is energized and then loses

its energy , with the aid of the capacitor, is such that this action occurs

many times during the 0 .4 -second when the relay contact is closed .

Thus, the metal diaphragm vibrates rapidly, giving off a hornlike

sound, the sound being intensified by the shape of the cone. The

capacitor also serves to reduce arcing at the magnet contact and to

prevent electrical interference with radio and other communications.

37



TM 11-433

13 - 15 SIGNAL CORPS

SECTION IV

SERVICING AND REPAIR

Paragraph

Servicing - - - - - -

Inspection . - - - - -

Lubrication - - - -

Special adjustments. . 16

13. Servicing. — a . Servicing of time interval apparatus EE - 56

and EE - 86 - A is limited to those minor repairs which may be made

by competent mechanics of the organization which is responsible for

operation of the fire-control communication system of the particular

fixed seacoast artillery project. Major repair and replacement parts

are the responsibility of the unit supply officer.

b . Servicing of time interval apparatus EE - 85 and the associated

line connector unit EE - 87 and time interval signal BE -65 is the

responsibility of mechanics of the communication section of a battery

headquarters ofmobile seacost artillery . Procurement of replacement

parts and repairs which cannot be made with available tools is the

responsibility of the unit supply officer.

c. Minor repairs made by mechanics of the responsible organiza

tions include making the adjustments explained in section III and

paragraph 16 , cleaning contacts, and repairing electrical connections

and circuits. Contacts should be cleaned with rough paper (not

sandpaper) or a burnishing tool.

14 . Inspection . — a . It is necessary to make routine inspections of

time interval equipments to see that they are functioning properly

and are free of dust and grease.

b . It is advisable to check the length of one of the time intervals

being generated by time interval apparatus EE -56 , EE - 86 - A , or

EE - 85 , when it is being first put into use. In service, contacts of the

governor of the EE -56 and EE - 86 - A wear and setting of the governor

must be readjusted every 3 months as explained in paragraphs

86 (4 ) and 96(3 ).

c . To maintain good operation it is necessary to make frequent

inspections of all adjustments of contacts , spiral tension and flat

springs , stops, bumpers, and vibrators. Also ,allcontact points should

be inspected for cleanliness, and electrical circuits for broken wires or

worn insulation and loose or poor connections.

15 . Lubrication . - a . No lubrication is required for the motor of

either time interval apparatus EE -56 or EE - 86 - A , because it is

inclosed in a dustproof coverand the bearings are permanently packed

in grease.
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b. On the EE-86 - A there are two oil cups, one inside the governor

housing and one on the rear bracket of the frame casting. These

cups are required to be filled every 6 months with a high -grade lubri

cant such as liquid petrolatum .

c. No lubrication is required for time interval apparatus EE -85,

line connector unit EE -87, and time interval signal BE -65.

16. Special adjustments. - a . Time interval apparatus EE -56 . —

In addition to adjustments of the governor as explained in paragraph

86 (4 ), there are two adjustments of the cam -contactor assembly .

(1 ) Duration -of-contact closure adjustment. — The duration -of-con

tact closure, or length of time the contacts are closed, is adjustable

from a minimum of 0 .1 second to a maximum of 0 .55 second . To

secure this adjustment, use either of the test circuits illustrated in

figure 23 , which are used for adjusting both the EE -56 and the

EE -86 - A . Make connection to the time interval program circuit

which it is desired to adjust. Since the normal speed of the motor is

1,280 revolutions per minute or 21.3 revolutions per second, the time

in seconds for any given number of revolutionsmay be calculated by

dividing the number ofrevolutions by 21.3 . The duration -of-contact

closure, therefore, is calculated from the number of revolutions of the

governor arm (and hence themotor) from the time the contact closes

to the time it opens. With the starting switch at the OFF position ,

rotate the governor manually in a counterclockwise direction and

observe the milliammeter or light in the test circuit. Caution : Dis

connect all lines from apparatus to battery supply bus except those

shown in figure 230 . Note the position of the governor arm when

the reading of the milliammeter in the test circuit first exceeds 10

milliamperes or the light begins to glow . Continue rotating the gov

ernor arm , counting the number of revolutions, until the milliam

meter first drops to zero or the light is extinguished . The number of

revolutions of the governor arm counted may then be translated into

seconds by dividing by 21.3 . The result will be the duration -of

contact closure when the motor is running at the speed of 1,280 revo

lutions per minute. In a similar manner, the interval between

circuit operations in a program group or between similar points in

adjacent program groups is obtained . If the duration -of-contact

closure is not satisfactory, it may be changed . To increase the dura

tion -of-contact closure, loosen the locknut on the appropriate adjust

ing screw (fig . 17) and turn the screw a few turns in a clockwise

direction . To decrease the duration -of-contact closure , turn the

adjusting screw in a counterclockwise direction . After an adjustment

has been made, the duration -of-contact closure may be rechecked by

the method previously used .
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(2 ) Adjustment for quiet operation . -- Adjustment of the rubber

bumper to secure quiet operation is accomplished by means of the

knurled head screws on the left-hand side of the contactor assembly

just under the cam disks (fig . 17) . The adjustment of this screw

should be such that when thecontactor arm falls off the cam projection

it will first hit the rubber bumper attached to the screw and not the

cam depression. Lock the adjusting screw with the locknutwhen the

adjustment is obtained .

6 . Time interval apparatus EE - 86 - A . - In addition to adjustments

of the governor as explained in paragraph 96( 3), the same two ad

justments are madeof the cam - contactor assembly as in the EE -56 .

However, adjustment of the interval between circuit operations in the

TO Time Interval TO Time, Interval
Apparatus EE-86 Apparatus EE-86
Terminal Strip Terminal Strip

To Terminal To Terminal 1

1, 5, 10, 15, 20, Terminal 1, 5, 10, 15,20, Terminal
30, 40, or60 30, 40,or 60

À TO ATO

200012
TO 30 volt
Battery

Milliammeter
(0 - 30 Ma.)

Dry Cell
2

T
L

-3
5
5
1

)

Milliammeter test circuit. Lamp test circuit.

FIGURE 23 . – Test circuits for both time interval apparatus EE -56 and EE -86 - A .

program group and between similar points in adjacent program groups

is rendered unimportant by the master 1 -second timing attachment.

If this latter adjustment or test is used , it must be remembered that

the speed is 1,380 revolutions perminute or 23 revolutions per second,

the number of revolutions being divided by 23.

c. Time interval apparatus EE -85 . — (1 ) The two extra uncut 90

second and two extra uncut. 120 -second arbor disks (fig . 5 ) may be

cut for any program of intervals, synchronized , or with any desired

delay. The desired program and holes for the synchronizing post are

laid out with ruler, protractor, and compass . The holes are drilled

and the circumference is cut out with a chisel and filed smooth .

(2 ) The driving mechanism of time interval apparatus EE - 85 has

several adjustments of the springs and stops which determine its

40
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correct operation (fig . 6 ). The screw adjustment of tension of the

spring which is fastened to the drive bar must be such that the spring

will return themagnet armature and drive bar far enough to turn the

tor as
ratchet wheel one notch , or far enough for the pawl to fall into place

of this was and to hold the wheel. This spring tension also pulls the drive bar

um projet down on the next notch as the armature is pulled to themagnet, and

i and meet must be adjusted properly to do so . The stops of the armature and

nutwhere the drive bar must be so adjusted that the armature and the drive

arm will return far enough to advance the ratchet wheel a complete

adjust notch , and that they will not return too far and operate loosely or

samethis allow the ratchet wheel to advance an extra notch . Each adjustment

screw has a locking device.

(3 ) There are two possible adjustments of the arbor-cam contactor

assemblies . To press the spring shoes of the contact springs of the

time interval circuits against the disk with proper pressure, the screw

in the slotted angle at the base of posts upon which the contacts are

mounted may be loosened and the entire contactor assembly turned

until the desired firmness of pressure is obtained (fig . 6 ) . Also , to

adjust the pressure of individual spring shoes on the disks, the contact

springs may be bent adjacent to the mounting posts with a pair of

longnose pliers until the desired pressure is obtained . The positions

of the stationary contacts mounted on the terminal blocks with screws

may be adjusted by turning the screws. These contacts must make

and break easily under the motion imparted to the spring shoes by

the raised portions of the disks.

Drucell d . Line connector unit EE -87. - (1 ) The contact springs of the

131
multiple-contact relay may be adjusted by bending the top springs up

or down with a pair of longnose pliers .

(2 ) The springs acting on the moving contact points of the two

keysmay be adjusted with longnose pliers to assure that the contacts

make and break properly as the keys are thrown to their various

positions.

(3 ) The vibrator of the hummer may be adjusted for spacing and

proper operation with the small screw provided , which fastens the

vibrating arm to the larger post upon which the coil is mounted .

e. Time interval signal BE - 65. - ( 1) The armature of the small,

sensitive relay may be adjusted for best operation by changing the

g. 5)m3 spring tension with the screw adjustment provided and by adjusting

the two screw stops (fig . 10 ) .

(2 ) There are three adjustments which enter into the operation of

the vibrator. While tone or volumemay not be changed materially ,

smooth. the vibratormay be set for best operation .
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(a ) The stop of the contact spring of the vibrator must be adjusted

so that the contact will make and break .properly under action of the

armature and post (fig . 11) .

(6) The post is adjustable also , and access to its adjustment may be

obtained by removing the screen at the front of the box (fig . 9 ) . The

post may bemoved in or out by turning its slotted end (fig . 11) with

a screw driver, a locknut being used to lock theadjustment. The post

must be in such a position that the bumper will break the vibrator

contact when the armature is pulled to the magnet, and will pull back

far enough to allow the contact to bemade under pressure of the spring

when the armature is released.

(c) The arch mounted on the large base casting with the two heavy

screws and upon which the vibrator contact is mounted must be

parallel with the base casting . This position is adjusted by using the

large screws with their locknuts ( fig. 11).
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APPENDIX

ADDRESSES OF MANUFACTURERS

Diehl. - - - -- Diehl Manuacturing Co. - - - - - - - - - - - Elizabethport, New Jerser.

Emerson . - - The Emerson Electric Mfg. Co . - - - - - St. Louis , Missouri.

WE& M . . - - Westinghouse Electric & Mfg . Co . - - Pittsburgh , Pennsylvania .

Riverbank . . Riverbank Laboratories - - Geneva , Illinois .

Belden . -- - - Belden Manufacturing Co . . . . Chicago, Illinois.

W & T . -- - - Wallace & Tiernan Products , Inc . - . . Belleville, New Jersey .

V - R - --- - - - - Veeder-Root, Inc . - - -- - Bristol, Connecticut.

HS.- -- --- - Hammacher , Schlemmer & Co . . . New York , New York ,

Eagle -- - - - The Eagle Lock Co . - - - - - - - - - - - - Terryville , Connecticut.

Waterbury - Waterbury Brass Goods, Inc. - - . Waterbury, Connecticut.

A - H & H .. . Arrow -Hart & Hegeman Electric Co . Hartford , Connecticut .

Eby - - - Hugh H . Eby, Inc. Philadelphia , Pennsylvania.

P - M . -- - - - - Patton -MacGuyer Co .- - - - - - - - Providence , Rhode Island .

Thiokol. - - Thiokol Corporation - - - - Yardville, New Jersey.

North North Electric Manufacturing Co . . Galion , Ohio.

G . R - - -- - - General Radio Co. - - - - - Cambridge, Massachusetts.

Simpson .. - - Edwin B . Simpson Co . - - - Brooklyn , New York .

Tobe - - -- - Tobe Deutschmann Corporation - - Canton , Massachusetts.

W . E - - -- - - Western Electric Co . - - - - - - - - - - - - - - Chicago , Illinois .

IRC . --- - International Resistance Co . - . - - . - . Philadelphia , Pennsylvania.

C - D . - - - -- - Cornell-Dublier Electric Corporation . South Plainfield , New Jeres,

KE..- - - -- - Kurman Electric Co . - - - - - - - - - - New York, New York ,

Stanley -- - - The Stanley Works New Britain , Connecticut.

( A . G . 062.11 (7- 10 -42).}

BY ORDER OF THE SECRETARY OF WAR:

G . C .MARSHALL ,

Chief of Staff.
OFFICIAL :

J . A . ULIO ,

Major General,

The Adjutant General.

DISTRIBUTION :

IC and H 4 (5 ) ; IC 11 (3 ).

(For explanation of Symbols see FM 21– 6 .)
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1 - 3

TECHNICAL MANUAL

No. 11 - 434

WAR DEPARTMENT,

WASHINGTON, May 12, 1942.

SPOTTING SET PH - 32 - B

SECTION I. General description - - - - - - - - - - - - - - -

II. Employment. - - - - - -

III. Detailed functioning of equipment

IV . Service and repair - -

V . List of parts- - -- - - -

Paragraphs

1 - 13

14 - 30

31 -42

43 –58

59 –69

Page

110

1 1

INDEX - - - - - - - -

SECTION I

I U M ONE - - - - - - - - - - - - - - - - - - - -

.

- - - - - - -

GENERAL DESCRIPTION

Paragraph

Purpose -

Component parts - - - -

Axle RL - 27 -- A , wire W - 110- B , and reels DR .

Theodolite PH - ( ) - 33_ _

Time interval device PH - 103

Time interval multiplier PH - 264 - ( -

Line connector unit EE -87

Time interval signal BE - 65 - - -

Film

Developing equipment PH -41 and drying rack PH -42_

Exposure meter PH - 77 - B or PH - 252 - A .

Film viewer PH - 97 - A .

Transportation - - - - - - - - -

1. Purpose. - Spotting set PH -332 - B is designed for the purpose

ofaiding in the analysis of the effectiveness of antiaircraft fire by pro

viding a means for the acurate determination in three dimensions of

the positions of the shell bursts with respect to the target.

2 . Component parts. — The spotting set PII–32- B consists of the

component listed in paragraph 594.

3. Axle RL - 27 - A , wire W - 110 - B , and reels DR - 4 .- - The axle

RL -27 - A is used to lay the wire supplied on the reels DR-4 for the

E E
s
c
a
o
s

e
n

AOS N
Ě

- - - - - - - - - - - - - - - - - - - - - -

455507° - 42 -- 1
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line between the two theodolite stations O , and 02. Figure 1 shows

the combination of reel,axle,and wire.

4 . Theodolite PH - ( - 33. — The theodolite is of the recording

type, consisting of the theodolite proper and a built-in 35-mm motion

picture camera oriented and focused so that the center of the picture

continually coincides with the center of the field of view of the tele

scope. The theodolite has internal azimuth and site counter indi

cators which , along with a time counter and the camera serial number,

are photographed on each frame of the motion picture film . External

azimuth and site counters are also provided . A junction box JB - 40

and cord CD -407 are provided with each theodolite for connecting

storage battery BB -46 (power source ) and the connection of the time

interval device. (See fig . 2.) Each theodolite is supplied with one

TL-1575

FIGURE 1 . - Axle RL - 27 with reel DR -4 .

instruction book . Each theodolite is packed in a separate carrying

case for transportation , the junction box, cord, filters, and exposure

meter being packed in compartments in the same case. The above

information is applicable to all models of the theodolite, while the in

formation particular to the individual models is given below :

a . Theodolite PH -BC - 33. — Figures 3 and 4 show the theodolite

PH - BC - 33. Component parts of the theodolite are indicated in these

figures. The camera optical system consists of a 6 -inch lens and a

right angle prism and has a field of view of 100 mils.

b . Theodolite PH -BD - 33. — Figures 5 and 6 show the theodolite

PH -BD - 33. Component parts of the theodolite are indicated in these

figures. The camera optical system consists of a 12 -inch lens and a

mirror and has a field of view of 50 mils.

c. PH -BE - 3.3. — This model, not illustrated , is very similar in ap

pearance and operation to the PH -BC -33, but has an optical system
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trein

um

similar to that of the theodolite PH -BD - 33, having the 12-inch lens,

mirror, and 50-mil field of view .

5 . Time interval device PH - 103. — This time interval device

( fig . 7 ) is permanently mounted in its carrying case . Receiving power

for operation from two batteries BA -26, it supplies direct current

pulses at a rate of one per second to operate the relays in the time

intervalmultiplier and the theodolites.

6 . Time interval multiplier PH - 264 - ( ) . — This multiplier

(fig. 8 ) receives pulses at a rate ofone per second from the time interval

device and delivers pulses at either 5 -second or 10 -second intervals to

rial!".

.. Erma

bor JB

CONLEIK

TL-3484

FIGURE 2 . - Junction box JB - 10 .
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Open Sight

ite Mart
in

ndepo
st

The 22"

chilethe

the
ast

Ited in this

lensalt'
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lens al
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Handwheel

Base Clamping Screw

- Base Ring

TL- 3482nila
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.FIGURE 3. - Theodolite PH -BC -33 ( front view ) .tica
l

state
s
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the line connector unit EE -87 or the time interval signals BE -65.

The multiplier will deliver one pulse of one second 's duration every

5 seconds, or a group of three pulses of one-half second 's duration at
1 -second intervals every 10 seconds. It receives its power for operation
from a 12-volt storage battery BB - 46.

7 . Line connector unit EF -87. — This unit ( fig . 9 ) supplies tone

to telephone lines for time indications. It contains a line relay, tone

generator, and transformers for supplying tone to the telephone lines,

and receives its power for operation from the same battery used for

operation of the time intervalmultiplier .

Filter Mount

TUBE

Window

Counter Lamp
Cover Plate

Site

y Handwheel

Reset knob
TL-3483

FIGURE 4. — Theodolite PH - BC - 33 (rear view ) .

Open sight

2
2

N
O
R
M
A
L

Zevels

A

R

T

7
2

-3
7
3
1

- Base
Clampng

Traversng Handwheel Screw

FIGURE 5 . - Theodolite PH -BD - 33 ( front view ). ·
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8 . Time interval signal BE –65. — This signal (fig . 10 ) consists
of an electrically driven horn controlled by a local relay. The relay
receives its power for operation by wire from a remote control point,
either manually or automatically controlled . The horn is driven by
two batteries BA - 23.

9 . Film . — This is standard commercial panchromatic film having a
Weston emulsion speed of 64 . The 200- foot rolls (wound emulsion
side in ) may be placed directly in the magazines of the theodolites.
Film must be stored in a cool,dry place.

samples
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Speed Control HNOD –
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0
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2
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2208
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8
3 :3
3
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wheel

Film Footage
Counters Azimuth Counter

Release
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FIGURE 6 .- Theodolite PU - BD) - 33 (rear view ) .
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FIGURE 7 . - Time interval device PH - 103. "
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FIGURE 10. - Time intervalsignal BE -65 .

10 . Developing equipmentPH -41 and drying rack PH -42.

This equipment (fig . 11) is used for processing the film exposed with

the cameras in the theodolites. The Eastman D - 11 developer and

fixing solution are used for processing the film .

11. Exposure meter PH - 77 - B or PH - 252- A . – One exposure

meter is packed in the case with each theodolite . Figure 12 illustrates

themeter which is a photoelectric cell type, used to measure the light

intensity for determining the camera stop opening to be used for

photographing the shell bursts. It is supplied with a leather carrying

case which is to be fastened to the soldier 's belt and a neck string to

ensure against accidental droppingof themeter .

12. Film viewer PH – 97 - A . — This viewer (fig . 13 ) is used for

inspecting the pictures taken with the recording theodolites. A view

ing attachment PH – 98 - A is provided with a reticle and microscope

for orienting the picture and determining the deviation of the burst

from the azimuth and the site readings. Two instruction books are

supplied with each viewer. The rewinder PH -92, the splicer PH -91,

and the film cement are used in conjunction with the viewer. None

of this equipment is needed during the photographing of the bursts.
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FIGURE 13. – Film viewer PH - 97-- A .

FIGURE 14 . - Theodolite PH - BC - 33 in carrying case.
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13. Transportation . - In transporting this equipment it is desira

ble that it be moved by truck to a place very near to that where it

will be used . Two men can carry any component of the spotting set

for short distances over level terrain .

a . Theodolite PH - B ('-33.– Figure 14 shows the theodolite in its

carrying case , with the base ring and film magazines ; the junction

box with its cables is in a covered compartment just below the camera

end of the theodolite . The exposure meter and filters are in other

compartments. The theodolite must always be clamped in the carry

ing case when being moved , using the clamping saddle and the wing

nuts on the clamping rods. When packing for shipping long distances

use ordinary nuts with lock nuts for clamping to prevent the clamps

from shaking loose . The carrying handle of the theodolite rests

in a recess in the lid of the carrying case when the case is closed .

b . Theodolite PH -BD - 33. — Figure 15 shows the theodolite in its

carrying case, with the base ring and film magazines ; the junction

box with its cables is in a covered compartment in the bottom of the

case. Tools, exposure meter, and filters are in other compartments.

The theodolite must always be clamped in the carrying case when

being moved , using the clamping device. When packing for shipping

long distances use ordinary nuts with lock nuts to prevent the clamps

from shaking loose .

c. Theodolite PH -BE -33. — This theodolite is packed in the same

manner as theodolite PH - BC _ 33, and the same precautions should

be taken as prescribed in a above.

d . Time interval device PH - 103. — Since this unit is permanently

mounted in its carrying case the only preparation required for trans

portation is the closing and clamping of the lid . The batteries BA - 26

should be removed if the equipment is to remain out of service for

over 48 hours,

e. T'ime intervalmultiplier PH -264- ( ) . — This unit is self-contained

and has no carying case .

f. Line connector unit EE -87.— This unit is self-contained and has

no carrying case .

g . Time interval signal BE -65. — This unit is self-contained and

has no carrying case .

h . Exposure meter PH -77 - B or PH - 252- A . — Themeter is normally

packed in the theodolite carrying case in a separate compartment.

For shipping the meter should be packed with paper to prevent its

moving around in the compartment.

i. Filters. — These filters, a part of the theodolite, are packed in

prepared mounts in the theodolite carrying cases.

10
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j. Film viewer PH - 97- A . - Figure 16 shows the film viewer in the

case used for transportation and storage. .

k . Storage battery BB -46. — Care must be exercised in transporting

the storage batteries to prevent tipping and spilling of the contained

acid . Storage batteries must be kept well charged and properly filled

with distilled water at all times.

11
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O
X

TL -3490

FIGURE 16 . --Film viewer PH - 97 - A in carrying case.

1. Developing equipment PH -41 and drying rack PH - 42 . - Figure

11 shows these with their carrying chests.

m . Volume and weight when packed. — The following are the ap

proximate dimensions and weights of the various components of the

spotting set when packed for transportation :

Itein Approximate
dimensions

Approximate
weight

Inches

33 x 20 x 18

30 x 24 x 20

33 x 20 x 18

Pounds

160

165

160

I 23

1145

12 8

Theodolite PH -BC 33 . . . - .

Theodolite PH - BD - 33

Theodolite PH -BE- 33 - - - - -

Time interval device PFI - 103.

Line connector unit EE- 87 . . .

Time interval multiplier PH - 264 ( ) .

Time interval signal BE -65 . - -

Film viewer PH - 97 - A . - - - - - - - -

Storage battery BB - 46 . . .

Developing equipment PH - 41

Drying rack PH -42 ...

10 X 7 X 11

20 x 20 x 17 106

122x 12 x 20

x 26 x 5

4 x 5 x 50

50

1 With batteries.

12
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SECTION II

EMPLOYMENT Paragraph

Placing of pier mounts . - - 14

Duties of members of theodolite crew ..

Mounting theodolite for use - - - -

Loading film magazine - - - - - - - -

Loading camera - - - - - - -

Electrical connections_

Selecting and mounting filters .

Using exposure meter - - - - - -

Setting camera aperature - - - - -

Final preparations for use - - -

Tracking target (observer's duties )

Operator 's procedure .

Preparations for succeeding course

Completion of practice . - -.

Dismounting and packing equipment.

Processing exposed film - - -

Using film viewer PH -97- A - - - --

14 . Placing of pier mounts. — Two pier mounts are required .

One should be directly behind the battery and not over 35 yards dis

tant. The other must be at the end of a surveyed base line, preferably

4 ,000 to 5 ,000 yards from the battery, and outside the area endangered

by gun fire. The pier mounts consist of rigid , vertical, solidly placed

posts extending approximately 4 feet 6 inches above ground , with flat

tops approximately level. Permanent pier mounts of steel or steel

encased in concrete are desirable at permanent firing points. The top

of each piermountmust be adapted for securing the base ring of the

theodolite to it by means of three machine bolts or lag screws. Both

pier mounts should be accessible by road so that theodolites need not

be carried by hand , and located to have an unobstructed view of the

entire field of fire .

15 . Duties of members of theodolite crew . - Three men are re

quired for the crew of each theodolite. Their titles and respective

duties are listed below :

a . Operator. — The operator services the theodolite, loads film maga

zines, interchanges magazines on camera , controls the speed of the

camera, reads the exposure meter, mounts the filters, sets the camera

aperture, controls all switches for motors and lamps, and is respon

sible for securing orientation data from the officer in charge of the

section and for checking the observer in the orientation of the instru

ment. In addition, the operator of the battery ( 0 ,) theodolite is re

sponsible for the setting up of the time interval device and time

interval multiplier and the command of the theodolite during the

photographing of the bursts.

13
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b . Observer. — The observer orients and levels the instrument and

tracks the target, keeping it centered at the intersection of the cross

hairs by operation of the azimuth and site handwheels.

c . Recorder. — The recorder keeps the following records :

( 1 ) For each practice .

(a ) Date.

(6 ) Time.

(c ) Place (whether the O , or 02 position ).

( d ) Serial number of camera (located below internal timecounter) .

( e ) Nameof recorder, operator, and observer.

(f) Designation of firing battery.

( 2 ) For each course.

( a ) Serial number of course .

(6 ) Time counter readings at beginning and end of each course .

( c ) Position of sun with reference to theodolite.

(d ) Type of sky background .

( e ) Exposure meter reading (value indicated by galvanometer

needle) .

(f) Film emulsion speed .

(9 ) Type of light filter .

( h ) Filter factor.

(i ) Frames per second shown by tachometer.

( j) Aperture setting.

(k ) Number of rounds fired on course.

(7) Remarks covering anything unusual.

16 . Mounting theodolite for use. — A . Mounting base ring.

Fasten the base ring ( fig. 3 ) to the pier mount by means of bolts for

metalmounts or lag screws for wooden mounts.

b . Placing theodolite . — Unclamp the theodolite so that it may be

removed from the case. Then lift the theodolite by its carrying handle

(or handles for PH -BD -33) and set it carefully on the base ring .

Twomen should lift the theodolite to the base ring, each having one

hand on the handle and the other on the leveling plate to assist in

lifting and to guide the leveling plate of the theodolite to the base ring.

0 . Orienting theodolite .- ( 1 ) Theodolites PH -BC - 33 or PH -BE

33. – Turn the traversing handwheel (fig . 3 ) slowly ( rapid rotation of

the handwheelsmay damage counters) until you see the azimuth read

ing of the datum point on the external azimuth counter; then grasp

the theodolite by its leveling plate below the leveling screws and turn

it on the base ring until the datum point can be seen on the vertical

cross hair in the telescope. The external counters have three wheels

which designate thousands, hundreds,and tens, and a drum indicating

units. The indicator marks on the units drum are 0.2 mil apart, so

14
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the azimuth reading of the datum point can be set to the nearest 0 .2

mil. Adjust the telescope by turning the eyepiece, removing the

parallax from the eyepiece and focusing it on the datum point. Turn

the theodolite on the base ring if needed to set the vertical cross hair

on the datum point and clamp it to the base ring by tightening the base

clamping screw (fig. 3) . Use the fingers and not a wrench or pliers.

Always grasp the theodolite below the leveling screws when turning

it on the base ring.

( 2 ) Theodolite PH -BD _ 33. — Turn the theodolite on the base ring

until the datum point can be seen on the vertical cross hair and clamp

the theodolite to the base ring. Adjust the telescope by turning the

eyepiece, removing the parallax from the eyepiece and focusing it on

the datum point. If the adjusting of the telescope changed the posi

tion of the datum point with respect to the vertical cross hair, rotate

the telescope with the traversing handwheel ( fig . 5 ) until the datum

pointagain can be seen on the vertical cross hair. Now grasp the azi

muth counter release (fig . 6 ) and rotate the azimuth counter inde

pendently by turning the knurled collar at the base of the release de

vice until the azimuth reading of the datum point appears in the win

dow on the external counter. After this adjustment is made the

counter release must not be touched except for correcting the datum

point setting

d . Leveling theodolite. — Turn the traversing handwheel slowly until

the two spirit levels on the theodolite (fig. 3 or 5 ) are in line with the

leveling screws at the bottom . Grasp two opposite leveling screws

( fig. 17 ) , one in each hand , and turn them in opposite directions at

the same timeto make the bubble in the spirit level in line with them

move to the center between the two marks on the glass. The bubble

willmove in the direction your left thumb does as you turn the leveling

screws. When you have one bubble exactly between the lines on the

glass, do the same with the other pair of leveling screws to center the

other bubble.

Keep the leveling screws just tight enough to hold the theodolite

firmly . Forcing will distort the top carriage casting. Check to see

if the first bubble is centered and, if it is not, readjust the leveling

screws to center it. Then check the second bubble. When both bubbles

are centered , traverse the theodolite slowly through 360 degrees (6 ,400

mils ) and watch to see that neither bubble moves from the center .

When they do not move the theodolite is level. Now traverse the

theodolite back to the azimuth setting of the datum point, using the

traversing handwheel, and see if the datum point is on the vertical

cross hair in the telescope.

17. Loading film magazine. - a . Take an empty film magazine
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from its rack in the carrying case and unscrew the two covers which

are on the side opposite from the pulley. Hold the magazine firmly

in your left hand and turn the covers counterclockwise with the palm

and fingers of your right hand .

b . Put the emptymagazine, its upper cover, and a can of unexposed

film in the changing bag and button the bag shut. Put your arms

through the armholes in the changing bag as shown in figure 18 , take

the roll of unexposed film out of the can , and put it on the spindle in

the top of the magazine with the film feeding off the bottom of the

roll. Thread the film out through the upper slit, replace the cover

on the top of the magazine, and remove the magazine from the chang

ing bag. Thread the end of the film into the magazine through the

lower slit , remove the collapsible spool from the lower spindle , and

thread the end of the film on this spool. Replace the collapsible spool

and turn it so that the film winds on it as follows :

(1 ) For theodolite PH -BC-33 and PH -BE-33, wind film on the

take-up spool emulsion side in (over the top of the spool) .

( 2 ) For theodolite PH -BD - 33 , wind film on the take-up spool

emulsion side out (under the spool). An arrow painted on the inside

of the magazine indicates direction of rotation of the take-up spool,

as does also an arrow stamped on its drive pulley.

c. Replace the cover on the lower part of the magazine and turn

the lower or take -up spindle by means of the pulley several turns to

ensure that the film will not slip off the collapsible spool. When

replacing covers do not spin them on tight as they will be hard to

take off. Screw them on slowly and tighten only with the fingers.

The magazine is now loaded and ready to be placed on the camera.

Themagazinemay be loaded in a photographic darkroom (totaldark

ness, no safelights ) instead of using the changing bag if a darkroom

is available .

18 . Loading camera.— a . Theodolite PH -BC -33 and PH -BE -33

( fig. 19 ). - ( 1 ) Open the camera door by releasing the catch at top

of the door and release the two rollers from the driving sprocket by

turning the two knurled heads. Turn the motor flywheel on the

back of the camera until the pulldown claws are at the farthest point

from the film guides below the film gate.

( 2 ) Take a loaded magazine in one hand, holding your thumb on

the film where it enters the bottom slit, and with your other hand

pull out enough film from the upper roll to thread the camera mecha

nism . Attach the loaded magazine to the camera by setting the tongue

of the magazine in the groove on the camera and swinging it into

place so that the snap catch fastens it on firmly.

(3 ) Thread the film through the film gate by pushing the hinged

16
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FIGURE 17. - Soldier leveling theodolite ,

TL -3492

FIGURE 18. – Soldier loading film magazine with changing bag.
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Figure 19. — Camera mechanism of theodolite PH - BC - 33 and PH - BE - 33.

guides open and sliding the loop of film into place. Thread the film

between the rollers and sprocket and around the pins as shown in

figure 19 and close the rollers on the sprocket by turning the two

knurled heads. The white lines painted on the inside of the camera

show the size of the film loops. A pin on each of the knurled heads

fits into the hole on one of the raised portions of the camera door when

the door is closed . The door cannot be closed unless both sprocket

rollers are properly closed . Put the belt on the take -up pulley on the

back of the magazine.

(4 ) Turn the motor flywheel on the back of the camera to make

the pull down clawsmove up, over to the film , and down,moving the

film down through the film gate twice, and check to see that the film

does not rub on the camera case . If it rubs, shorten the loop that

is rubbing and recheck for proper film movement. Pull out on the

buckle trip pin , hold it momentarily , and release it ; if the buckle

trip lever has been moved by film jamming, the buckle trip spring

will return it to the normal position when the pin is pulled out.

Close the camera door and set the Veeder film footage counter to zero .

b . Theodolite PH -BD - 33 ( fig . 20 ) . - ( 1 ) Open the camera door

by releasing the catch at the top of the door and open the sprocket

film guideby pressingdown on the pin handle. Turn the camera hand

drive wheel on the back of the camera until the pull down claws are

at the farthest point from the film guides below the film gate .

18
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( 2 ) Take a loaded magazine in one hand , holding your thumb on

the film where it enters the bottom slit, and with your other hand

pull out enough film from the upper roll to thread the camera mech

anism . Attach the loaded magazine to the camera by sliding the

tongue on the magazine up into the groove of the magazine mount

on the camera case, moving the lower part of themagazine up against

the camera case , and lowering the magazine gently until it rests

solidly in themount.

(3 ) Thread the film through the film gate by pushing the hinged

guides open and sliding the loop of film into place . Thread the film

under the upper sprocket and over the lower sprocket as shown in

figure 20 and close the sprocket film guide by pushing up on the pin

handle . The white lines painted on the inside of the camera show

the size of the film loops. The pin handle on the sprocket film guide

fits into a hole on the camera door when the door is closed . The door

cannot be closed until this guide is properly closed , and when the

camera door is closed the guide cannot open. Put the belt on the

take-up pulley on the back of themagazine.

(4 ) Turn the camera hand drive wheel on the back of the camera

to make the pull-down clawsmove up , over to the film and down,mov

ing the film down through the film gate twice to see that the film does

not rub on the camera case . If it rubs, shorten the loop that is rub
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bing, and recheck for proper film movement. Close the camera door

and set the Veeder film footage counter beside the magazine to zero.

19 . Electrical connections. - a . Remove the junction box with its

cable and the cord CD -407 from the compartment in the theodolite

carrying case and insert the plug on the junction box cable into the

jack on the theodolite , pressing the locking button down with your

thumb. The jack is on the control panel of theodolite PH -BC - 33

and PH -BE -33, and on the back sideof theodolite PH -BD - 33. When

the plug is properly inserted the locking pin on the plug will catch in

the hole on the jack so that the plug cannot be taken out except by

pressing the locking button. Plug the battery cable into the junction

box, testing to see that the locking pin catches, and attach the two

clips to the terminals of the 12 -volt storage battery .

b . Place the time interval device PH - 103 near the battery ( 0 )

theodolite junction box, open the cover, and connect two batteries

BA - 26 (carried one in each side compartment), one to each set of

battery terminals as shown on figure 7. Drive a metal rod into the

ground and connect it with a single wire to the binding post at the

lower left-hand corner of the time interval device control panel. This

ground is used only for testing for grounded line circuits . Connect

a single wire from one of the junction box (), camera terminals on

the time interval device to one terminal on the junction box of the O ,

theodolite. Connect another single wire from the other junction box

O , camera terminal to the PH - 103 terminal on the time intervalmul

tiplier PH - 264 - ( ) . Connect a third single wire from the junc

tion box () , camera terminal on the multiplier to the remaining ter

minal on the junction box of the O , theodolite . Connect the battery

cable of the time interval multiplier to the remaining battery BB -46,

which has been left at the O , station. Further connections of the

time interval multiplier, line connector unit, and time interval signals

will be made by the communication section for the use of the visual

section . A 2 -wire line should previously have been laid between the

two theodolite positions using the axle RL -27 - A and the wire on the

drums DR 4. Connect the " battery end" of this line to the O , ter

minals on the time interval device, and the “ flank end ” to the terminals

on the flank theodolite (0 .2) junction box. Turn the line current dial

to the minimum current position (counterclockwise to stop ) . Snap

the signal switches of both the theodolites to " on " .

c. Operate the ground test key on the time interval device to the

“ O ,” position and observe the meter. A deflection of the meter

needle indicates that the O , line from the time interval device to the

junction box of the battery ( 0 , ) theodolite (camera ) has a ground on

it . If no deflection is observed the line is clear. If the line is

20
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grounded , it should be cleared and retested . Test the O2 line to the

flank (0 . ) theodolite (camera ) in the same manner by operating

the key to the “ O ,” position .

d . Operate the continuity test key on the time interval device to the

“ O ,” position to check the O , line. A reading on the meter indicates

that the line is closed ; no reading indicates an open line, which must

be repaired . Test the 0 ., line in the samemanner by operating the

key to the “ 0 ” position . The meter readings will probably not be

the same, due to differences in length of lines . The signal lamp of

the theodolite connected to the line being tested will light and its

time counter will advance one unit each time the continuity test key

is operated . The continuity test key may be used to advance either

counter for synchronization .

e . Press the T . I. short switch , adjust the line current reading to

a value between 25 and 30 milliamperes by turning the line current

dial, and release the switch . The T . I. short switch may be used at

any time to advance both counters simultaneously one unit at a time.

Reset the time counters on both theodolites to the same setting as

desired, using the reset knob on theodolites PH -BC -33 and PH -BE -33

( fig . 4 ) , or the reset pin inside the signal lamp door of theodolite

PH -BD - 33, and snap the signal switch of the battery (0 , ) theodolite

to " off.” Operate the T . I. start switch ( just below the continuity test

key) to the T . I. start position just before starting to use the theo

dolites. The click of the relays may be heard in the time interval

device as it operates.

f. Turn on the camera motor with themotor switch and adjust the

camera speed to the number of frames per second required . The

motor speed control of theodolites PH -BC-33 and PH -BE - 33 is the

knob on the control panel. The motor speed control of theodolite

PH -BD -33 is the knob on the top of themotor. Do not let themotor

run any longer than necessary to adjust the speed . For normal day

light operation use a camera speed of 10 to 15 frames per second .

Night operation speed is 18 to 20 frames per second . Check the camera

speed with the officer in charge.

20. Selecting and mounting filters . You will have to know the

color of burst, sky background, and target to determine which of the

four filters you will use . Choose from table I the filter to be used ,

remove it from the case, and mount it on the theodolite according to

the following instructions :

a . For theodolites PH -BC -33 and PH -BE -33 screw the filter into

the filter mount over the camera objective lens.

b . For theodolite PH -BD -33 remove the sunshade by loosening the

clamping screw and pulling the shade out. Remove the filter which
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was held in place by thesunshadeif it is not the filter you wish to use.

Insert the proper filter in the end of the lens barrel and replace the

sunshade.

Table I. - Selection of filters

Color of burst
Sky back

ground Target color Filter (written designation and color )
Filter

factors

12 . 5White - -- - - White --- Red - - -- 5N5 Yellow Green - - - -- -

Do ---- -| Blue . . . White -- - 29F Dark Red, or 25A Red .

Do. - - - - |- - -do - - - - - Red . - - - 5N5 Yellow Green
Black - - - - - White - - - do - - - - - - - - - do- - - - - - -

Do . - - - -| Blue - - - -| White - - - 39 Blue . - - - - -

Do.- . - - |- - -do - - - - -| Red . - - - - - - - - -do - - - - - - -

ܘ ܰܕܺܝ
ܰܕܟ

ܗ

e
r

e
n

Read from table I the filter factor of the filter you are using and

remember it. You will need to know it when you use the exposure

meter. Do not use any filter for night firing. . .

21. Using exposure meter. - a . Exposure meter PII-77 - B or

PH -252 - A (Weston Ciné exposure meter M819) . - Attach the leather

carrying case to your belt and put the cloth neck string around your

neck so that you will not drop themeter on the ground and damage it.

This meter is a delicate instrument and must be cared for accordingly .

Donot drop it or aim it directly at the sun. Always carry it in the

case when you are not using it.

( 1) Take the meter out of the case and rotate the type camera dial

( fig. 12 ) to type A .

( 2 ) Divide the emulsion speed of the film to be used (50 for the

film specified for use with the theodolite) by the filter factor of the

filter to be used (see par. 20 ) and set the inner dial on the exposure

meter to show in the window the quotient or the nearest value to it

(below it if the quotient is halfway between two values on the scale ).

This quotient is a " corrected” emulsion speed to adjust for absorption

of light in the filter . Table II shows “ corrected ” emulsion speed

settings to be used with the filters for various film speeds. Use this

table, if the emulsion speed of the film you are using is listed on it,

instead of calculating the “ corrected” emulsion speed.

(3 ) Rotate the middle dial until the arrow under the emulsion

speed value points to the number of frames per second ( camera

speed to be used ) on the camera type dial. (See par. 19f.)

( 4 ) Hold the exposure meter in one hand, grasping it at the end

opposite the meter, and aim the window on the back side , opposite the

dial,at the portion of the skywhere the bursts are to be photographed .
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wish to use TABLE II. - Corrected emulsion speed settings

replace the
Filter

Film speed

5N5 29F 25A or 39
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While holding the meter aimed at the sky observe the average rela

tive brightness reading on the meter scale.

(5 ) Locate the relative brightness value on the relative bright

ness (outer ) row of figures and opposite this value read on the mid

dle dial the correct " f" value of aperture setting for photographing

the bursts, using a certain filter under the existing light conditions.

(6 ) Readjust the dials for emulsion speed and frames per second

when filter or camera speed is changed.

(7 ) As an example make the following assumptions :

Film speed _ - - - - -

Filter factor - - - - - -

Camera speed - -- - -- - - 12 frames per second

Relative brightness value- - - - - 13

and determine the proper “ f” value of aperture setting. These con

ditions would give an “ f” value of 9.

b . Exposure meter 252 - A (Weston master Ciné exposure meter

M720 or equal). — The Weston M720 meter is identical with the

PH - 252 - A . Use it in the same manner as described in a above.

Exceptions in use are

( 1) A release catch at the end of the meter must be pressed in

order to rotate the type camera dial.

( 2 ) The relative brightness values are different.

(3 ) A perforated window over the photoelectric cell may be opened

to increase the sensitivity of the meter. As the window is opened

the meter dia ! scale is automatically changed so that the meter is

still direct reading in relative brightness. Use themore sensitive range

of the instrument very infrequently if at all.

c. If the light conditions are varying take exposure meter read

ings before each course. This is especially necessary in late afternoon .
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22 . Setting camera aperture. - 0 . Having determined the correct

aperture setting as described in paragraph 21, rotate the aperture collar

on the theodolite until the correct “ f” value engraved on the collar is

opposite the index mark beside the collar . If the “ f” value obtained

is not engraved on the collar it will be between two values engraved

on the collar ; the collar would then be set so that the index mark is

centered between the two engraved values. ( The example in par. 21a

( 7 ) gave a value of “ f” equalto 9 . The collar would be turned until

the index mark was midway between the engraved figures 8 and 11.)

b . If an exposure meter is not available to determine the correct

aperture setting the following simple rulesmay be used :

( 1 ) Poor light - set aperture at f5.6 .

( 2 ) Bright light - set aperture at f16 .

( 3 ) Night firing — set aperture at f2. 7 for PH -BC - 33, or f5 for

PH -BD -33 or PH -BE -33, using camera speed of 18 to 20 frames per

second.

23. Final preparations for use. — a . For daylight operation

choose a well-defined object at zero site and at least 600 yards from the

pier mount and carefully aim the theodolite at the point ( so that its

image in the eyepiece of the telescope is exactly at the intersection of

the cross hairs) . Using the exposuremeter (pointed at the object to be

photographed ) , determine the camera aperture setting as described in

paragraph 21 and adjust the aperture to that setting ( see par. 22 ).

Turn on the camera motor for about 3 seconds to photograph the ob

ject. “ Dump” the theodolite by rotating it slowly through exactly

3 ,200 mils in both azimuth and site and rephotograph the object.

Rapid rotation of handwheels may damage counters. These two pho

tographs serve to check the collimation of the theodolite . “ Dump"

the theodolite back approximately to the original setting and reset the

camera aperture to the proper “ f" value for photographing the bursts

against the sky background .

b . For night operation it is impossible to photograph an object for

record as in a above. Turn on the night switch, set the camera speed

to 18 to 20 frames per second, remove any filters from camera , and set

the camera aperture to f2.7 for PH - BC - 33 or f5 for PH -BD-33 and

PH -BE- 33.

c. Traverse theodolite to approximate starting point of course so

that the azimuth reading of the normal to the course will be less than

6 ,400 ( see par. 31) .

24 . Tracking target (observer' s duties) .— a . When the target

comes into view aim the theodolite at it by using the open sight (fig . 3

or 5 ) until you are able to see the target in the telescope. Use the

traversing and sitehandwheels to aim the telescope. When you can see
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the target through the telescope, adjust the azimuth and site (using

handwheels) to bring the image of the target to the intersection of the

cross hairs and continue to " track ” the target as it travels across the

course, always keeping the image of the target at the intersection of

the cross hairs.

b . Atthe end of the course traverse the theodolite back to the start

ing point by traversing in a reverse direction to that traversed while

tracking the target. Do not traverse the theodolite through one com

plete revolution . Doing this will cause incorrect azimuth readings in

the next course ( see par. 31d ( 1 ) ) and wind the connecting cable around

the pier mount.

C. Track the target and traverse back to the starting point as

described above for each succeeding course .
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25 . Operator' s procedure . — a . When a course is started , at the

command of STAND BY FOR TIME ZERO, READY, TAKE, the operator of the

O , theodolite will snap the signal switch of the O , theodolite to " on ,"

which starts both the O , and O , time counters.

b . As the target approaches safe field of fire the O , operator com

mands:STAND BY (which the O , operator receives over a telephone

system supplied by the communication section ) ; both operators place

their hands at themotor switches and are ready to turn on the camera

motors. Figure 21 shows the observer tracking and the operator at

the " Stand by” position , using theodolite PH - BC - 33.

C. Just before the first burst occurs (as determined by the time of

Aight of that round , or about 5 seconds after the first round is fired )

the O , operator commands :CAMERA (whieh the 0 , operator receives
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by telephone) , and each operator turns on his camera motor with the

motor switch, allowing it to run until after the last burst occurs, when

the (), operator commands : CUT, and each operator stops his camera

and remains at the stand by position until the next round or the course

is completed .

26 . Preparations for succeeding course. At the end of the

course the O , operator opens his signal switch to stop the time counters

and both operators read and compare their time counter readings,

which the recorders print on their record charts. The time counters

( internal) are read through the window (fig. 4 or 6 ) on the theodolite

after turning on the lamp switch . After comparison of time counter

readings, and synchronization if necessary , each operator turns off his

lamp switch . Succeeding courses are repetitions of the above pro

cedure.

27. Completion of practice. When a practice is completed , take

another set of photographs of the object photographed before starting

the practice (see par. 23) . About 2 feet of film also should be run off

as a precaution against fogging the last shots when the camera door is

opened . Record the film footage counter reading, open the camera

door, unthread the film , take the film magazine off the theodolite, place

your left thumb on the film where it comes out of the upper part of

themagazine, and wind the slack film onto the take-up spool by turn

ing the pulley on the magazine with your right hand. Label themaga

zine to show the number of feet of unexposed film it contains and

remove exposed film (using changing bag or darkroom ) , placing it in

a can , sealing, and labeling for development. Turn off all switches

on the theodolites and time interval device.

28 . Dismounting and packing equipment. — After the film

magazine has been removed at the end of a practice , replace camera ,

telescope, and lens covers, disconnect the electrical connections, and

place the junction box with its cable and the battery cable in the com

partment in the theodolite carrying case . Place the exposure meter

and filters in their compartments in the case. Loosen the base clamp

ing screw ( fig. 3 or 5 ) , lift the theodolite carefully by the handle and

leveling plate from the base ring, and place it in the proper position

in the carrying case (fig. 14 for PH -BC -33 or PH -BE -33, fig . 15 for

PH -BD - 33 ) , clamping it securely in the case . Twomen should work

together in lifting the theodolite from the base ring. Be careful to

lift only on the handle and leveling plate when moving the theodolite,

for lifting on the upper part of the theodolite may damage it and

destroy the calibrations. Remove the base ring from the pier mount

and place it in the carrying case holder. Check to see that all film

magazines are in the case and close it. Close and lock the cover on
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the time interval device. The batteries BA - 26 should be removed

from the time interval device if it is to be out of service for more than

· 48 hours.

29. Processing exposed film . — The successful determination of

the data from the film depends entirely on careful and proper develop

ment and handling of the film . Scratches or water spotsmay render

all of the work of taking the photographs useless. Use extreme care

in processing the film . Part of the operations in processing the film

must be done in a completely dark room ; loading reel, development,

rinsing, and fixing. After fixing is completed, lights may be used.

Donot dry film in sunlight.

a . Preparations for processing. – Open carrying chest of developing

equipment and remove the changing bag, reel holding rack, reel, and

screen. Figure 11 shows this equipment partially removed from its

case.

( 1) Set up the Stineman reeland film holder on the rack as shown

in figure 11.

( 2 ) Remove the smallest tank from the chest and pour into it

previously prepared developer solution ( Eastman Kodak Company

D - 11) to a depth of approximately 3 inches. Always use this small

tank for developer. The developer ismixed in 5 - gallon lots according

to directions on the package, one lot being sufficient to develop 1,000

feet of film before being thrown away. Do not use developer if it is

dark brown or has been mixed for over 1 week !

( 3 ) Remove the middle-sized tank from the chest and pour clear

water in it to a depth of about 3 inches . (Always use this tank for

water.)

(4 ) Remove the large tank from the chest and pour previously

prepared fixing solution (hypo) into it to a depth of about 3 inches.

Always use this large tank for fixing solution . Hypo is mixed in

4 -gallon lots (eight 1 -pound packages of powder) according to direc

tions on the package and may be used as long as two 5-gallon lots

of developer.

(5 ) Remove the drying rack from its case and assemble it for use .

The assembled rack is shown in figure 23. You may do this while

the film is in the fixing solution to save time.

b . Loading film onto reel.- Do this in total darkness (photographic

darkroom or any completely dark room ) . Remove the exposed film

from the can and determine which side of the film has the emulsion

on it. Do this by pressing the film between your moistened fingers

or lips. The wet fingers or lips will stick to the emulsion side of

the film . Rewind the film emulsion side in , and place it on the

film holder as shown in figure 22. Rewinding the film before putting
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FIGURE 22. - Loading film onto Stineman reel.

it on the film holder will put the counter edge of the film next to
the Stineman reel so that the possibility of scratching the burst
photograph portion of the film is lessened . Secure the end of the
film by one of the perforations on the hook on the inner end of the
reel spiral so that the film will wind on the reel emulsion side out.
Always check for emulsion side of film as described above before
loading it into the reel. Guide the film with the left hand as in
figure 22 and rotate the reel in a counterclockwise direction to wind
all of the film tightly on the reel, emulsion side out. When you
have it all on the reel, double back about one-half inch of the outer
end and insert in the spiral to hold this outer end secure . Two or
more short pieces of film may be hooked together by doubling each
back and hooking together so that the reel may be filled before
developing

c. Developing film . - Do this in total darkness (photographic dark
room or any completely dark room ) . Using the hand hold at the
center of the reel, set it in the tank of developer, and move it quickly
up and down about one-half inch several times to drive out any air
bubbles thatmay stick to the film . Allow the film to develop according
to the following time-temperature relationship :

Developer temperature Time of development
65° F . - - 5 minutes
70° F - -- - 442 minutes

- - - - - -

1

1
1

1
1

75° F - - - - 4 minutes
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All solutions should be kept within this temperature range.

d . Rinsing film . - Do this in total darkness (photographic dark

room or any completely dark room ). After the film has developed

for the required time, lift the reel by the handle out of the developer,

allow it to drain for 15 or 20 seconds, put it in the second tank with

water (this water should be nearly the same temperature as the devel

oper ), and remove air bubbles as in c above. Allow to remain in this

water rinse for about 1 minute.

e . Fixing film . - Do this in total darkness (photographic darkroom

or any completely dark room ). After the film has been rinsed , lift

the reel by the handle, allow it to drain , put it in the third tank with

the fixing solution (hypo ) , and remove air bubbles as in c above.

Leave the film in the fixing solution for 10 to 15 minutes (this solution

should be nearly the same temperature as the developer and rinse ) .

f. Storage of developer and preparation for washing film . -- While

the film is in the fixing solution , pour thedeveloper, if nomore develop

ing is to be done immediately, back into the brown glass bottle (or

bottles ) it was taken from . In order to exclude air from the bottle (or

bottles) , pour clean pebbles into the bottle (or bottles ) to bring the

surface of the developer up into the neck and cork tightly . Developer

deteriorates under lightand in contact with the air . Thoroughly rinse

the developer tank and place it in a position where it will completely

drain and dry. Also , during this time, empty the rinse water tank ,

rinse thoroughly , and fill to a depth of about three inches with clear

water.

g . Washing film . — This and further operations may be done with

light,but not in direct sunlight. After the film has been in the fixing

solution (hypo ) for 10 to 15 minutes, lift the reel by the handle out

of the solution , allow to drain for 15 or 20 seconds, and place it in the

second tank of water to wash . Move the reel rapidly up and down

in this wash water for 15 or 20 seconds. Lift from water, allow to

drain for a few seconds, and shake off the surplus water. Change the

water in the tank and repeat the washing operation . Repeat through

five to eight changes of water .

h . Removing film from reel. — When washing is completed , release

both ends (and any joints ) of the film so that it lies free in the reel.

Turn the reel, with the film still on it , upside down , using the handles,

and immerse it in the water in themiddle -sized tank . Agitate the reel

to release the film and lift the reel out of the water, leaving the film

in the tank . Place the reel in a position to dry thoroughly after shak

ing out excess water.

i. Winding film onto drying rack. – After the film is removed from

means the reel in the water, wind the film under water carefully into a com
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FIGURE 23. — Soldiers wiping and winding filin onto drying rack .

pact roll so that it will not scratch when handled. Take the roll of
film from the water and fasten the end to the drying rack so that the
film will be wound on the rack emulsion side out. Hold the roll of
film between the thumb and one finger as illustrated in figure 23.
Using three men as illustrated in figure 23 , wind the film loosely on
the drying rack , first wiping carefully between two viscose sponges
which have been wet in clear water and then squeezed as nearly dry
as possible with the hands. Use care in this wiping to get as much
as possible of the loose water off the film without scratching or slid
ing the emulsion on the film . Oneman holds the rack and turns it
to wind the film on it. The other end of the rack may be rested on
the open cover of the case holding the developing equipment. A sec
ond man wipes the film carefully with the viscose sponges. The third
holdsthe roll of wet film . If the film shrinks tight on the rack as it
dries , loosen it to prevent stretching or breaking.

j. Storage of fixing solution . — While the film is drying pour the
fixing solution back into the storage container for reuse and cork the
container. Thoroughly rinse the tank and place it in a position where ;
it will completely drain and dry. Empty the wash water from its
tank and place the tank to dry.

30
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k . Removing film from drying rack . — When the film is dry use the

rewinder PH -92 to wind it on one of the reels of the film viewer ,

emulsion side in , and with the leading end (lowest time counter num

bers ) on the outside of the reel. Wound this way it is ready to be

placed on the upper spindle of the film viewer PH -97 - A .

30 . Using film viewer PH –97 - A . - a . Preparation for use.

Open the carrying chest and unclamp the viewer by loosening the

wing nut and lifting and turning the wooden clamping block one

fourth turn in a clockwise direction . Grasp the reel bracket ( fig. 13 )

and take the viewer out of the case by first tilting it to the right and

then sliding it to the left, lifting at the same time. Place it on a firm

level support with the name plate on your right and the switch plate

to the front. Unlatch the lower rear compartment in the case and

remove the two connecting cords, one of which has a foot speed con

troller permanently attached to it. Insert the two-prong plug on the

controller cord into the jack at the front left of the viewer and turn

clockwise to lock it in place. Insert the plug of the other cord into a

110 -volt outlet (d - c or 25 –60 cycles a -c ) and clip the Fahnestock

clip to a ground connection at the outlet. Fit the other end of this

cord to the three-prong polarized plug at the front left of the viewer

and turn clockwise to lock it in place. Set the speed control rheostat

13:46 midway between the end stops (continued operation at the lowest

speed will overheat the rheostat). This completes the electrical con

nections. Remove the viewing attachment PH - 98 - A from its holder

in the upper left corner of the carrying chest by unlocking the holder

and sliding the viewing attachment forward . Screw this three or

four turns into the mount on the front of the viewer, adjusting it to

have the name plate of the viewing attachmentat the top , and tighten

the locking ring on the mount to hold the viewing attachment in this

position .

6 . Threading film in viewer. — The film to be viewed has been

wound on one of the reels, emulsion (dull) side in and with the

leading end of the film on the outer end of the reel. Put this reel

on the upper spindle (fig . 13 ) so that the film feeds off the top of

the reel toward the front of the viewer. The keyway in the spindle

hole on the reel must be fitted over the key on the spindle before

the reel will slide on the spindle far enough to permit fastening the

reel by means of the flip lock on the end of the spindle . Put an

empty reel on the lower spindle . Set the motor reversing switch

on the switch panel to the “backward ” position . Open the upper

and lower rollers by lifting and pushing down on the respective

inte handles (fig. 13) , and the film guide cover by pressing down on

in the snap catch (fig. 13 ) and swinging it to your left. Unwind about
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two feet of film from the upper reel, slide the film from the right

side under the upper jerk absorbing device ( fig . 13 ) and over the

_ film feed sprocket and film guide. When the perforations of the

film are engaged by the teeth of the film feed sprocket close the

upper roller to hold the film against the film feed sprocket. Put a

small loop of film between the film feed sprocket and the intermittent

movement sprocket as in figure 13 , engage the teeth of the inter

mittent sprocket in the film perforations, make sure that the film

lies straight in the film guide, and close the film guide by swinging

the viewing attachment back into place. Operate the viewer by hand

to make sure this loop is large enough that the film does not pull

tight between the two sprockets. Operate the viewer in the “ back

ward” direction (by pressing the foot speed controller ) to provide

a free end of about three feet of film , leave a sizable loop (as in

fig . 13) below the film guide, and slide the film into the slot on the

right side of the machine, under the film feed sprocket and over the

lower jerk absorbing device . Engage the teeth of the sprocket in the

perforations of the film and close the lower sprocket roller. Pass

the end of the film under the lower reel, slip the end into the slot

on the reel hub to secure it, and wind up the slack film , turning the

reelby hand. The film is now threaded in the viewer .

C. Adjusting optical system . Operate the light switch to the "on "

position. Loosen the eyepiece locking screw (fig. 13 ) and, while

looking into the eyepiece of the viewing attachment, slide the eye

piece barrel to focus the eyepiece on the circular reticle and tighten , bi

the locking screw (do not force) . Using the foot controller, operate 1

the viewer in the backward direction until a frame of film with the In

vertical and horizontal indicator marks comes into the field of the

viewing attachment and stop the viewer. Operate the viewer by hand

(using the smooth handwheel on the left side ) to a position where

slight back and forth movement of the handwheel does not move

the film . Then , using the vertical framing lever, the horizontal

framing screw , the reticle rotating ring, and the magnification

adjustment (loosen locking screw before adjusting magnification ),

adjust to make the indicator marks and the reticle appear in the

eyepiece as shown in figure 24 .

d . Obtaining data concerning location of bursts. - Operate the film

viewer in the backward direction at such a speed as will enable you

to see photographs of bursts as they appear in the viewer eyepiece. it

( 1 ) Record the azimuth and site readings for 5 - second intervals - 1

as you run the film through the viewer. Read the O , film first and

then take corresponding readings for corresponding times on the 0 .

film .
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32



W1.35:11-435

TM 11 - 434

SPOTTING SET PH - 32 - B 30

from the Merantisconto
) and ore

rations de

-cket clie

ocket. A
0

Site
e internet

of the B

that the

byse

Time

4434

No.-19

so 030 20 100 20 30 40

D
0
0

-
0
0
1

Horizontal

Indicator

Azim
everbe

Joes it

in the his

) to

1
9

y

loop i

e slot u

and fire
- Field of view

of microscope
rach

e

rulle
r
, T2 -3497

FIGURE 24 . — Single frame of film showing reticle image.
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(2 ) Bursts will appear either as a light spot on a dark background

or a dark spot on a light background. When you see the image of

a burst stop the viewer immediately, change the direction of opera

tion to forward and operate the viewer until the time reading on

the film changes to one unit less than the reading on the first frame

on which the burst was photographed . Chapge direction to back

ward and operate the viewer by hand until the first frame on which

you saw the burst comes into view , counting the frames having the

same time number on them . Record the time reading and the num

ber of the first frame showing the burst. (Example : 113–6 indicates

113th second and sixth frame.) Adjust the reticle -indicator relation

ship as described in c above.

(3 ) Read and record the site and azimuth readings on the film .

These readings are composed of three digits and a sawtooth scale with

a line crossing it. The location of the line crossing the sawtooth

scale indicates the units reading; the crests of the teeth represent

(from left to right) 1, 3 , 5 , 7 , and 9 mils and the troughs 2 , 4 , 6 , 8, and

O mils. The figures on the counters represent the tens, hundreds, and

thousands. The readings in figure 24 are : site 349 mils, azimuth

1,943 mils.

( 4 ) Rotate the reticle (using the knurled ring) until the reading

( 0 – 16 hundred ) on the circumference at the upper vertical indicator

is the same as the site reading in hundreds on the film . Interpolate
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between marks to nearest 50 mils. For example , the site reading in

figure 24 is 349, which you would call 31/2 hundreds. The reticle

would be rotated to 3.5 on the circumference scale.

(5 ) Having rotated the reticle to agree with the site counter read

ing, record the deviation of the burst (and target if visible ) from

the center lines of the reticle. For viewing film from theodolite

PH -BC - 33 ( field of view 100 mils) the lines on the reticle will be 5

mils apart,but for viewing film from theodolites PH -BD -33 and PH

BE-33 (field of view 50 mils ) the lines will be 242 mils apart. Rights

and lefts are reversed on the reticle due to the prism or mirror in the

camera. This is indicated on the reticle of some of the viewers but

not on all of them . For both battery and flank film records record

the deviations as right (or left ) , remembering reversal, and above (or

below ) . Form AA18 as indicated in TM 4 - 235 is used for recording

these data .

e . Removing film from reels. When you are finished with a reel

of film remove the reel from the spindle and, using a pencil as a shaft

to support the reel, wind the film slowly onto the hub of the alumi

num hand wheel on the belt side of the viewer. Use the foot speed

controller and wind very slowly . Wind several turns of film on the

hub to secure the inner end and when the film is all wound on the

hub grasp the roll and slide it from the hub with a rotationalmotion

and place it in a can, properly labeled, for storage.

SECTION III

DETAILED FUNCTIONING OF EQUIPMENT

Paragraph

T
!

Theodolite PH -BC - 33 . .

Theodolite PH -BD - 33 _

Theodolite PH -BE - 33

Time interval device PH - 103 _ .

Time interval multiplier PH - 264 - ( )

Line connector unit EE - 87 - - - - -

Time interval signal BE -65 - - - -

Combined electrical circuits - - -

Exposure meters PH - 77 - B and PH - 252 - A .

Filters -

Film viewer PH - 97 - A - - -

Developing equipment PH - 41 and drying rack PH -42 _ - -

- - -

-
-

- - - - - - - -

-

31. Theodolite PH -BC - 33.— a. Support and leveling mecha

nism . — A base ring is mounted on a pier mount, and the leveling plate

of the theodolite rests on this base, on which it may be rotated before

being clamped by means of the base clamping screw , which prevents ,

any further relative motion between the base ring and the leveling
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plate . A ball joint spindle and four leveling screws on the leveling

plate support an azimuth gear. The leveling screws are so threaded

that the motion of the bubble in the level on the theodolite follows

the motion of the left thumb as the leveling screws are turned . The

levels are graduated to oneminute of arc.

6 . Azimuth tracking mechanism . - The frame of the theodolite is

supported on the azimuth gear by a ball thrust bearing and may be

rotated about the verticalaxis of this gear by turning ofthe traversing

handwheel ( fig. 3 ) on the body of the theodolite , which turns a single

thread worm gear meshing with the azimuth gear. The periphery

of the azimuth gear serves as a guide to hold the frameof the theodo

lite. By means of this handwheel ( fig . 3 ) the theodolite may be

rotated continuously about its vertical axis. One revolution of the

handwheel rotates the theodolite 40 mils .

C. Site tracking mechanism . — The telescope is on the camera prism

mount (equipped with a 160 -tooth gear ) which rotates on an axis per

pendicular to and in the same plane as the axis of vertical or azimuth

rotation. The gear in this mount is driven by a single thread worm

gear on a shaft on the theodolite frame. The site handwheel ( fig . 4 )

turns the worm , one complete rotation of the handwheel changing

the site angle 40 mils. Since the telescope and camera prism or mirror

rotate together the centers of fields of view of the telescope and

camera optical system coincide after they are initially adjusted to

do so.

d . Counter mechanism . — ( 1 ) Two azimuth counters are driven by

a gear on the shaft carrying the azimuth handwheel and worm gear .

Both of the counters are Veeder type, reading from 0 to 9,999 and

repeating. Under certain conditions the azimuth readings will be

greater than 6 ,400, which will require corrections to determine the

true azimuth angle . Figure 25 shows the actual readings under vari

ous conditions and the corrections to be applied thereto.

After orienting the instrument, any traversing beyond the indicated

rotation in figure 25 will lead to needlessly complicated corrections.

Range of traverse should not be beyond that indicated in this figure.

One of the counters is placed inside the theodolite, illuminated by a

lamp for photographing on each frame of the motion picture film .

The units wheel of the counter has a spiral which in connection with

a sawtooth scale indicates mils. The counter is read as described in

paragraph 30d ( 3 ) through the window ( fig. 4 ). The other counter

is just below and to the left of the telescope eyepiece, for external read

ing in checking and orientation. The units drum of this counter has

figures indicating mils and small divisions between units representing

two-tenths of a mil.
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( 2 ) Two site counters are driven by a gear on the shaft carrying

the site handwheel and worm gear. They are of the same type re

spectively as the internal and external azimuth counters, and are

read in the samemanner. Both the internal and external site counters

are above the corresponding azimuth counters.

( 3 ) A time counter placed between the internal azimuth and

site counters is solenoid -operated , advancing one unit for each opera

tion . The solenoid is operated indirectly by the time interval device

at a frequency normally once per second . The time counter may be

advanced manually using a small screw driver in the fitting by the
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FIGURE 25 . - Corrections for azimuth readings.

TL-3736

traversing handwheel (fig . 3 ) or reset to zero with the reset knob

by the site handwheel ( fig . 4 ) . Detailed operation will be discussed

under electrical connections.

€. Optical systems. — Three optical systems are used in the theodo

lite. Figure 26 illustrates their respective uses. They are discussed

individually below :

( 1) The tracking optical system consists of an elbow type 8

power telescope with a field of view of 156 mils , fixed to the camera

prism mount which rotates about a horizontal axis for determination

of site angles. A reticle having cross hairs is placed in the telescope

so that the target being followed can be kept at the center of the field
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of view of the telescope. This telescope has one adjustment, the

focusing of the eyepiece on the reticle.

(2 ) The camera optical system of the theodolite PH -BC-33 con

sists of a right angle prism fixed on the rotating camera prism mount

and a 6- inch focal length lens focused permanently at infinity.

Parallel rays of light enter the optical system , are bent 90°, and

focused on the film in the camera aperture. Three orienting indi

cator projections on the camera aperture, two vertical and one hori

zontal, cast shadows on the film . The center of the camera optical

system is focused on the intersection of two imaginary lines , one be

tween the upper and lower vertical indicators and a second from the

horizontal indicator mark perpendicular to the vertical indicator line.

In addition the field of view between the horizontal portions of the

vertical indicators is 100 mils. The presence of the prism in the
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camera optical system reverses rights and lefts on the picture but

hasno effect in the vertical direction .

(3 ) The counter recording system consists of two right angle

prisms and a lens which focuses the image of the illuminated inter

nal counters on one edge of the film in the camera aperture. This

system is mounted entirely inside of the theodolite frame. Light rays

reflected from the counters are bent by the first prism , pass through

the lens and are bent by the second prism to focus on the film in the

camera aperture. This system serves to photograph the site, azi

muth , and time counters and the theodolite serial number which is

placed on the time counter.

f. Electrical system . Each theodolite obtains its power from a

12 -volt storage battery. The cord CD -407 connects the battery to

the junction box and two leads of the four-conductor cable com

plete the connection to the theodolite. The schematic wiring dia

gram of the theodolite is shown in figure 27 . Detailed operation
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of the individual electrical components of the theodolite is given
below :

( 1 ) The signal switch closes the circuit of the relay on the rear

of the control panel. This relay receives intermittent operating

battery from the time interval device through the two remaining

leads of the four- conductor cable and the two-conductor field wire

connected from the terminals on the junction box to the time interval

device. The relay closes the 12-volt operating circuit to the time

counter solenoid and the signal lamp. Normally the relay is

operated once each second by the time interval device .

1516NAL |MOTOR NIGHT

COLOR CODE
R - RED

G - GREEN

BL - BLUE

BIK BLACK

Y - YELLOW

W -WHITE

SIGNAL NIGHT

G
L
K
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RELAY OFF.

BLK

|
ooo

o
o Z POLKO O I

V

BUCKLE

TRID

Y
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MOTORPLUG

SOLENOID COUNTER
LAMP

TELESCOPE LAMP TK - 3500

FIGURE 27.- Schematic wiring diagram of theodolite PH -BC -33.

( 2 ) The motor switch closes the 12 -volt operating circuit of the

counter lamp and camera motor. The counter lamp illuminates the

internal counters for photographing , and may be turned on with

the lamp switch for reading the counters through thewindow ( fig . 4 ) .

The motor speed is controlled by the rheostat at the lower left

corner of the control panel and a buckle trip switch in the camera

opens to stop the motor if the film jams. Two external three

conductor leads with plugs connected to the motor may be discon

nected if the motor is removed from the camera.

(3 ) The night switch closes the 12-volt operating circuit of the

night and telescope lamps. The night lamp on the back of the
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control panel illuminates a small mirror in the theodolite which

reflects the light to the back of the camera lens. Part of this light

is reflected from the camera lens to the film in the camera aperture,

" fogging” it slightly so that the indicator marks will show on the

film for night photography. The telescope lamp illuminates the cross

hairs in the reticle of the telescope so that they can be seen when

used at night. The flexible cable connecting the telescope lamp

can be unplugged when taking the telescope cover off. These lamps

are used only for night photography.

g . Recording system . — The recording system consists of a motor

driven motion picture camera , the speed of operation of which may

be varied from 10 to 20 frames per second. Figure 19 illustrates

the film feed and safety mechanisms of the camera . A tachometer

indicates the speed of operation and corresponding exposure time

or shutter speed . The film magazine holds 200 feet of 35 -millimeter

film , the amount used being indicated on a Veeder counter film

footage indicator.

( 1) The film feeds from the upper reel on the magazine through a

felt- lined slit to the film feed sprocket which rotates counterclock

wise. The film is held against the sprocket by two rollers so that

the teeth on the sprocket engage the perforations of the film . These

rollers are moved by rotation of a knurled head for threading the

film in the camera mechanism . Pins on the two knurled heads in

the camera prevent the camera door from being closed unless the

rollers are properly seated on the sprocket . From the drive sprocket

the film passes through a film guide past the camera aperature and

back to the lower side of the film feed sprocket and is held in place

against the sprocket by another set of rollers similar to those de

scribed above. From the lower side of the film feed sprocket the

exposed film passes through another felt- lined slit to the belt-driven

lower (take-up ) reel in the magazine. This reel rolls up the exposed

film . To prevent the film from jamming, a buckle trip lever , pin ,

and switch are so placed that they will trip to stop the camera if

the take-up reel fails to roll up the exposed film as fast as it is used .

Figure 19 shows the position of the buckle trip lever , which releases

the buckle trip pin , actuating a switch to stop the camera motor.

( 2 ) The film feed sprocket provides for steady movement of film

in and out of the camera, but the movement of the film past the

camera aperature must be intermittent and synchronized with the

opening and closing of the camera shutter. Upper and lower film

loops provide the slack film between the steady movement of the film at

the sprocket and the intermittent movement at the camera aperature.

The film fits snugly between the film guides and is moved down by
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the pull down claws (fig. 19 ). These claws, cam -operated , move

toward the film , engage in the perforations, pull the film down the

width of one " frame" and move away from the film . During the

time the pull down claws are moving up to engage the film a rotary

shutter allows the focused image from the camera lens system to

strike the film at the camera aperature. The shutter closes the

aperture just before the pull down claws start to move the film down

again , keeping it closed until the film has been moved down and

then opening the aperture to expose the next frame on the film .

Thus the film has a series of " still" pictures on it, taken at a rate

of from 10 to 20 per second , depending on the speed of operation

of the camera .

32. Theodolite PH - BD – 33. — a . Support and leveling mecha

nism . — This is identical in operation with that of theodolite

PH -BC - 33 (par. 31a ).

. b . Azimuth tracking mechanism . — This is identical in operation with

that of theodolite PH -BC-33 (par. 316 ) . Figure 5 illustrates the

traversing handwheel.

C. Site trackingmechanism . — This is identical in operation with that

of theodolite PH - BC _33 (par. 31c ) . Figure 6 illustrates the site

handwheel.

d . Counter mechanism . — This is identical in operation with that of

theodolite PH -BC - 33 (par. 31d ) . Figure 6 illustrates the window

through which the internal counters are observed .

e . Optical systems. — Three optical systemsare used in the theodolite

PH - BD -33. Figure 26 illustrates their respective uses. They are

discussed individually below .

( 1 ) The tracking optical system is identical in operation with that

of theodolite PH - BC - 33 (par. 31e ( 1) ) .

( 2 ) The camera optical system of the theodolite PH -BD - 33 con

sists of a 12-inch focal length lens focused permanently at infinity, and

a mirror. Parallel rays of light enter the optical system , are focused

by the lens, and bent 90° by the mirror to the film in the camera

aperture. Three orienting indicator projections on the camera aper

ture, two vertical and one horizontal, cast shadows on the film . The

center of the camera optical system is focused on the intersection of

two imaginary lines, one between the upper and lower vertical indica

tors and a second from the horizontal indicator mark perpendicular

to the vertical indicator line . In addition, the field of view between

the horizontal portionsof the vertical indicators is 50 mils . The pres

ence of the mirror in the camera optical system reverses rights and

lefts on the picture but has no effect in the vertical direction .
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( 3 ) The counter recording system is identical in operation with that

of theodolite PH -BC -33 (par. 31e ( 3 ) ).

f. Electrical system . — Each theodolite obtains its power from a

12-volt storage battery BB -46 . The cord CD -407 connects the bat

tery to the junction box and two leads of the four-conductor cable

complete the connection to the theodolite . The wiring of the theo

dolite is similar to that of theodolite PH - BC - 33 ( fig. 27 ) , with the

exception that there is no rheostat for motor speed control, as the

camera motor speed is governor-controlled and the connecting cable

terminals are wired differently. Detailed operation of the individual

electrical componentsof the theodolite is given below .

( 1 ) The signal switch closes the circuit of the relay in the theodolite.

This relay receives intermittent operating impulses from the time

interval device through the remaining two leads of the four- conductor

cable and the two- conductor field wire connected from the terminals

on the junction box to the time interval device . The relay closes the

12-volt operating circuit to the time counter solenoid and the signal

lamp. Normally the relay is operated once each second by the time

interval device .

(2 ) The motor switch closes the 12-volt operating circuit of the

counter lamp and camera motor. The counter lamp illuminates the

internal counters for photographing, and may be turned on with the

lamp switch for reading the counters through the window ( fig . 6 ) .

The motor speed is controlled by a governor on the top of the motor

( fig. 6 ). A film trip switch inside the camera stops the motor if the

film jamsand does not feed properly onto the take-up spool.

(3 ) The night switch closes the 12-volt operating circuit of the

night and telescope lamps. The night lamp by the camera aperture

illuminates the mirror in the camera optical system . This light is

reflected from the mirror to the film in the camera aperture , " fogging"

it slightly so that the indicator marks will show on the film for night

photography.

g . Recording system . — The recording system consists of a motor

driven motion picture camera, the speed of operation of which may

be varied from 10 to 20 frames per second. Figure 20 illustrates the

film feed and safety mechanisms of the camera. A tachometer in

dicates the speed of operation and corresponding exposure time or

shutter speed . The film magazine holds 200 feet of 35 -mm film ,

the amount used being indicated on a Veeder counter film footage

indicator ( fig . 6 ) .

( 1 ) The film feeds from the upper reel .on the magazine through

a double roller slit to the film feed sprocket which rotates clockwise.

The film is held against the sprocket by a sprocket film guide so that
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the teeth on the sprocket engage the perforations of the film . This

guide is moved away from the sprocket by pressing down on the pin

handle, for threading the film in the camera mechanism . The pin

handle prevents the camera door from being closed until the sprocket

film guide has been properly placed to hold the film . From the drive

sprocket the film passes through a film guide past the camera aper

ture and back to the lower take -up sprocket, and is held in place

against the sprocket by the same sprocket film guide. From the

take-up sprocket the exposed film passes through another roller slit

to the belt-driven lower (take-up ) reel in the magazine. This reel

rolls up the exposed film . As a means to prevent the film from jam

ming, a trip switch between the take-up sprocket and the film maga

zine will stop the camera motor if the film jams in the camera . The

motor cannot be started until the slight jam of film is cleared and

the trip switch is released. Unlike the buckle trip mechanisms on

the theodolite PH -BC -33, it is not necessary to reset the trip switch

of this camera.

( 2 ) The film feed and take-up sprockets provide for steady move

ment of film in and out of the camera, but the movement of the film

past the camera aperture must be intermittent and synchronized with

the opening and closing of the camera shutter. Upper and lower

film loops provide the slack film between the steady movement of

the film at the sprockets and the intermittentmovement at the camera

aperture. The film fits snugly between the film guides and is moved

down by the pull down claws (fig. 20 ) . These claws, cam -operated ,

move toward the film , engage in the perforations, pull the film down

the width of one “ frame," and move away from the film . During

the time the pull down claws are moving up to reengage the film a

rotary shutter allows the focused image from the camera lens sys

tem to strike the film at the camera aperture plate . The shutter

closes the aperture just before the pull down claws start to move the

film down again , keeping it closed until the film has been moved

down and then opening the aperture to expose the next frame on the

film . Thus the film has a series of “ still” pictures on it, taken at a

rate of from 10 to 20 per second, depending on the speed of operation

of the camera .

33. Theodolite PH - BE -33.— a . Support and leveling mecha

nism . This is identical in operation with that of theodolite PH

BC - 33 (par. 31a ).

b . Azimuth tracking mechanism . — This is identical in operation

with that of theodolite PH -BC - 33 (par. 318 ) .

c. Site tracking mechanism . — This is identical in operation with

that of theodolite PH -BC -33 (par. 31c) .
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d . Counter mechanism .— This is identical in operation with that

of theodolite PH -BC -33 (par. 31d ) .

e . Optical systems. — Three optical systems are used in the theodo

lite PH -BE - 33 . Figure 26 illustrates their respective uses. They

are discussed individually below .

( 1 ) The tracking optical system is identical in operation with that

of theodolite PH -BC -33 (par. 31e ( 1 ) ) .
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( 2 ) The camera optical system is identical in operation with that

of theodolite PH -BD -33, discussed in paragraph 32e( 2 ) ) .

( 3 ) The counter recording system is identical in operation with

that of theodolite PH -BC-33 (par. 31e (3 )).

f. Electrical system . The electrical system is identical in opera

tion with thatof theodolite PH -BC - 33 (par. 31f) .

g . Recording system . - The recording system is identical in opera

tion with that of theodolite PH -BC -33 (par. 319 ) .
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34. Time interval device PH - 103. — This time interval device

circuit (fig . 28 ) consists basically of a relay pulsing circuit for sup

plying periodic direct current pulses on external lines , and test cir

cuits for testing the lines. It is permanently mounted in a carrying

case which also has space for the two batteries BA - 26 required for

its operation . One battery supplies power for the operation of the

relays and the other for the external circuit and test circuits. If

only one battery is available it may be used to supply both circuits

in an emergency. The function of the time interval device is to

supply periodic direct current pulses on the lines to the O , and 0 .

theodolites and the time interval multiplier, for timemeasurement.

Functionally , the operation of the time interval device may be con

sidered under the four separate phases discussed individually below :

a . Time interval circuit. — This portion of the time interval device

circuit, shown by the heavy lines in figure 290, consists of two slow

operating relays A and B , resistor R3, potentiometer R ., capacitor C

and one contact of the T . I. start switch , and draws power for opera

tion from the battery V . When the T . I. start switch is closed relay

A operates through contacts 1 and 2 on relay B . As soon as relay A

has operated , relay B operates through contacts 1 and 2 on relay A ,

and causes relay A to release . Releasing of relay A opens the operat

ing circuit of relay B and it releases. This completes the cycle of

operation ; both relays are released and relay A again operates to re

peat the cycle. The contacts 3 and 4 on relay A are connected to the

theodolite circuit. The time interval is controlled by use of the resis

tor Rs, potentiometer R4, and capacitor C . While relay B is in a non

operated condition the capacitor C , is being charged , the rate ofcharge

controlled by the setting of the potentiometer R4. When relay B

operates the capacitor stops charging and starts discharging through

twopaths,one path through the resistor R , and a part ofpotentiometer

R .,and the other path through the remainder of the potentiometer and

relay A . Relay A will not release until the voltage impressed by the

Capacitor C , drops below the “ hold ” value of the voltage for the relay.

This delay in the releasing timeof relay A lengthens the time per cycle

of operation of the two relays and thus controls the time interval.

This circuit is designed to provide an adjustable range in pulsing rate

of one cycle per second plus or minus 20 percent.

b . Theodolite circuit. — This portion of the time interval device

circuit, shown by theheavy lines in figure 293 , consists of one contact

of the T . I. start switch, a T . I. short switch, rheostate Ry, meter M

(common to several circuits), 45 -volt battery V .,, and contacts 3 and 4

of relay A . With the T . I. start switch closed , each time relay A

operates contacts 3 and 4 close the circuit containing the rheostat R ,
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meter M , the two theodolite circuits, and V2. The current in this cir

cuit is adjusted with the rheostat. Pressing the T . I. short switch will

close this circuit and hold it closed as long as the switch is pressed,

regardless of the position of the T . I . start switch or the operated or

nonoperated condition of relay A . With the signal switches of both

theodolites closed their signal lamps will light and the time counters

will advance one unit each time this switch is pressed or each time

relay A operates during normal operation . This switch is used to close

the circuit for adjusting line current to 25 to 30 milliamperes.

c . Continuity test circuit. - The basic function of this portion of the
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time interval device circuit , shown by the heavy lines in figure 293 ,

is to place the battery V , in series with meter M , resistor Rı, and each

theodolite line, one at a time. This is done by operating the con

tinuity test key to the “ O ,” or “ O ,” position to test either the O , or 0 ,

lines. Either line may be tested at any time,but the signal switch of

the theodolite whose line is being tested must be closed at the time the

test is being made. Each timethe key is operated the signal lamp of

the theodolite on the line being tested will light and its time counter

will advance one unit. Figure 293 shows the circuit (heavy lines)

for testing the O , line.

d . Ground test circuit. — The basic function of this portion of the

time interval device circuit, shown by the heavy lines in figure 290 ,

is to place both sides , paralleled , of either the O , or 0 , line in series

| 1 SEC.ADVANCE COMMON

PH-1030

JUNCTION BOX

O CAMERA

120€

MANUAL

O 1 2 3 4 5 6 7 8 9 10 11 TIME

FEEEE
PH -103

5 "

20 "

71.3730

FIGURE 30 . -- Circuit diagram , time interval multiplier PH - 264- ( ).

with the resistor Ri, meter M , V2, and ground. The ground connec

tion is supplied by a ground rod connected to a ground terminal at the

lower left corner of the panel. It is not necessary for the signal

switches on the theodolites to be closed for this test. Figure 29

shows the circuit (heavy lines) for testing the O , line.

35 . Time interval multiplier PH - 264 - ( ) . - Figure 30 shows

themultiplier circuit, which consists of two relays and two nonlocking

push button type keys. In use , the winding of relay 3 is in series

with the line from the time interval device to the O , theodolite junction

box, so this relay is operated once each second by the time interval

device . Relay 4 has two contacts, moved by two cams on a shaft with

a 10 -tooth ratchet wheel. The driving pawl is the armature of relay

4 . Contacts A are closed by the A cam once for each of two diametri

cally opposite teeth on the ratchet. Each operation of relay 3 causes
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relay 4 to be energized,advancing the ratchet wheel one tooth . As the

cams rotate the contacts A will be closed by the two projections on the

A cam once every five operations ofrelays 3 and 4 . Each time contacts

A are closed 12-volt battery appears between the “ common ” terminal

and the terminalmarked “ 5 ” until the ratchet is advanced again , open

ing contacts A . This will occur every fifth second. Contacts B are

closed once each 10 seconds continuously for three consecutive teeth on

the ratchet, closing the path from terminal “ 10” to the back contact

of relay 3. When relay 3 releases after having operated , 12-volt

battery appears between the " common ” terminal and the terminal

marked “ 10 .” Contact B will remain closed for two more operations

of relays 3 and 4 so that three battery pulses will appear between

terminals “ common ” and “ 10.” The time chart shown in figure 30

illustrates the sequence of battery pulses obtained. Pressing the

manual key impresses battery between the “common ” and both the

“ 5 ” and “ 10 ” terminals. The “ 1 sec . advance” key operates the step

ping relay 4 once each time the key is pressed.

38 . Line connector unit EE -87. — This unit (circuit shown in fig .

31) receives direct current pulses from the time interval multiplier

and delivers tone pulses over 1 or 6 telephone lines. It is powered

by the same 12-volt battery BB -46 used for themultiplier. The seven

contact relay is energized by the direct current pulses from the time

interval multiplier. One contact of this relay closes the primary cir .

cuit of the push -pull type 1,000-cycle hummer (of which there are two)

in use , causing it to start humming. The physically coupled vibrator

type receiver and carbon button microphone combination is mechan

ically tuned to a frequency of approximately 1,000 cycles. Tone in

duced in the secondary circuit of the hummer in use is supplied to

the primaries of the six -line-coupling transformers in series through

a key-resistor combination affording three degrees of loudness of the

signal. Introduction ofresistance decreases the signal loudness. The

remaining six contacts of the relay connect the secondaries of the line

coupling transformers through 0 .1-microfarad capacitors to the line

terminal binding posts for connection to the lines. These six con

nections arebroken to prevent inductive coupling of the telephone lines

when tone is not being supplied . For each pulse of direct current

from the time interval multiplier, the relay operates, starting a

hummer ( either one may be selected by a key on the panel) and con

necting the line coupling transformers to the line terminals and thus

supplying a tone pulse to each of the connected telephone lines.

37 . Time interval signal BE -65 . — This signal ( circuit shown in

fig . 32) receives direct currentpulses from thetime intervalmultiplier

which control a vibrator type horn which is powered by local batteries .
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of the simple buzzer. The electromagnet attracts the armature whose
circuit. The operation of the horn is fundamentally the same as that

intervalmultiplier and the contact of the relay closes the horn magnet

The relay is energized by the direct current pulses from the time
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movement opens a contact on the battery supply circuit. The arma

ture then falls back to close the contact and repeat the cycle. In the

horn the armature is connected to a diaphragm ,the vibration ofwhich

emitsmore sound than the simple armature of thebuzzer. A capacitor

T
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FIGURE 32. -- Circuit diagram , time interval signal BE -65.
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FIGURE 33. — Wiring of spotting set PH - 32- B .

is supplied for reducing the arcing at the horn vibrator points. For

each pulse ofdirect current from the time interval multiplier the relay

will operate and the horn will emit a blast of sound .

38 . Combined electrical circuits. - Figure 33 shows a block dia

gram of the wiring of the spotting set. Each theodolite receives
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power for operation from its own storage battery BB -46 . The time

relaysofthe two theodolites and relay 3 of the time intervalmultiplier

are operated by the time interval device. For each operation of the

time interval device the signallamps on the theodolites light and their

time countersadvance one unit . The timeintervalmultiplier operates

the line connector unit and the time interval signals. The line con

nector unit impresses periodic tone signals on the connected telephone

lines.

39. Exposure meters PH - 77 - B and PH -252- A . — Thesemeters

areofthe photoelectric type, containing a photoelectric cell,meter,and

a set of concentric disks used in determining the aperture setting of a

camera for light intensities asmeasured by the photoelectric cell and

meter.

a . Light striking the face of the photoelectric cell causes the cell

to generate a voltage which is measured on the associated meter in

relative brightness units. The voltage and corresponding relative

brightness reading are proportional to the amount of light striking

the face of the photoelectric cell.

6 . The concentric disks serve as calculators for determining camera

aperture settings for different light strengths.

(1 ) The type camera dial is adjusted to type A or B , depending

on the exposure time for normal 16 frame per second operation of

the camera.

( a ) Type A camera normal exposure time is approximately 130

second .

(6 ) Type B camera normal exposure time is approximately 140

second.

( 2 ) The emulsion speed setting made with the inner dial considers

the emulsion speed of the film , light absorption or filter factor of the

filter used .

( 3 ) Themiddle dial is adjusted to the camera speed used , in frames

per second.

c. With the dials properly set for type of camera , emulsion speed

and filters , and camera operating speed the meters become direct

reading instruments. The relative brightness reading obtained on

the meter scale appears on the outer row of figures on the dials.

Opposite this reading on the middle dial appears the correct “ f”

setting for the camera aperture under the existing conditions. The

dials must be changed when either camera speed , filter , or type of film

is changed .

40 . Filters. — The four filters supplied as a part of the theodolite

equipment are used to increase the contrast between the shell-burst

and background in the photograph. Each filter absorbs light of one
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or more colors, depending on its own color. Chart I referred to

in paragraph 20 furnishes the information necessary for selection of

the filter for use with the theodolites.

41. Film viewer PH -97 - A . - The motor-driven film viewer,

shown in figure 13, consists basically of two parts , one of which pro

vides formoving the film intermittently past a lighted aperture. The

second part is a viewing attachment PH - 98– A comprising a micro

scope with a circular reticle for viewing the film as it moves past the

lighted aperture.

a . The film is carried on two reels on the viewer, winding from

either one to the other through the film guide past the lighted aperture,

as the viewer is operated either forward or backward. A film feed

sprocket, motor -driven , provides for continuous motion of the film

to and away from the film guide and intermittent sprocket. Two sets

of rollers hold the film against the film feed sprocket so that its teeth

will engage in the perforations in the film . These rollers may be

moved away from the sprocket to allow sliding the film from the

side over (or under ) the sprocket when threading the film in the

viewer. The sprocket pulls the film from the supply reel and the

take -up reel is driven by a friction clutch to wind up the film as it

leaves the sprocket. An intermittent sprocket at the upper end of

the film guide moves the film one " frame" at a time through the film

guide past the lighted aperture. Loops of film between the film feed

sprocket and intermittent sprocket supply slack to allow for the steady

and intermittent film movement. The film guide cover is hinged

and may be unlatched and swung toward the operator's left for plac

ing the film in the film guide,adjusting the upper loop, and engaging

the teeth of the intermittent sprocket in the film perforations.

6 . The viewing attachment screws into a mount on the film guide

cover. This mountmay be moved parallel to the film guide by a ver

tical framing lever for moving the viewing attachment so that the

microscope is in line with a “ frame” on the film . A horizontal fram

ing screw in the viewing attachmentmoves themicroscope perpendicu

lar to the film for adjustments to line the reticle with the indicator

marks on the film . The microscope has two adjustments , one a sliding

lens barrel (with clamping screws) for focusing the eyepiece on the

reticle and the other a screw -operated magnification adjustment (with

clamping screw ) for adjusting the magnification to make the hori

zontal portionsof the vertical indicators tangent to the circular reticle .

Double rubber eyecups are fixed to the eyepiece for using the viewer

in daylight.

· c. The switch panel has three switches, one for the light which is

housed in the frame of the viewer just below the aperture, a second
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for choosing the forward or backward operation of the viewer, and

the third for turning on the motor. A rheostat on the left side of the

viewer controls the motor speed . A cord -connected foot-operated

speed controller is connected parallel to the motor on -off switch for

pedal control of the speed. The viewer draws a current of 2 amperes

from a 110 -volt d - c or 110 -volt 25-60 cycle a -c supply .

42. Developing equipment PH 41 and drying rack PH -42.

This equipment was designed specifically for developing 35 -mm film

in lengths under 200 feet. The film is wound without slack on the

Stineman reel, emulsion side out to hold it in a position where the

processing solutions will have free access to the emulsion side of the

film and the emulsion side will not be scratched during the processing.

The film and reel are first immersed in a tank of developing solution

(Eastman D - 11) for a given time dependent on the temperature of

the solution , then removed from the developer and rinsed in a tank of

clear water, after which they were immersed in a tank of fixing (hypo )

solution for 10 to 15 minutes. When the fixing is completed the film is

washed in a tank of clear water by immersing and moving the reel

up and down in the water for 15 to 20 seconds through 5 to 8 changes

of water. At the completion of the washing process the film ends are

Joosened in the reel and it is immersed in water upside down and agi

tated to free the film from it and then the reel is removed from the

water. The film is then wound into a compact roll under water, taken

from the water, carefully wiped with a viscose sponge and wound

emulsion side out on the collapsible drying reel. Each of the three

nesting tanks is used for one particular solution and the order of use

corresponds with the order of removal from the carrying chest with

the exception that the intermediate-sized tank is used twice,both times

with water. Tank uses are :

Developer : small- sized tank .

Water rinse : intermediate - sized tank .

Fixing solution : large tank .

Water wash : intermediate -sized tank.

SECTION IV

SERVICE AND REPAIR Para

1

1

General instructions - -

Lubrication

Cleaning

Replacing lamps - -- - - - -

Adjusting and replacing belts . - -

Batteries - -

Theodolite PH -BC - 33 _ - - - - -

Theodolite PH - BD - 33 - -

1

1
1

1
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Paragraph

Theodolite PH - BE - 33 - - -

Time interval device PH - 103 _ _

Time interval multiplier PH - 264 ( )

Line connector unit EE - 87 - - - -

Time interval signal BE -65 _

Developing equipment PH -41 and drying rack PH -42

Exposure meters PH - 77 - B and PH - 252- A .

Film viewer - - - - - - - - - - - - - - -

43. Generalinstructions. Only the general servicing and check

ing as described in paragraphs 43 to 48, inclusive, are to be done by

using personnel. Adjustment and repairs described in paragraphs 49

to 58, inclusive, must be done only in an authorized depot or by the

manufacturer.

44. Lubrication . — a . Theodolite PH -BC -33. — ( 1 ) Oil the work

ing parts of the camera at the beginning of each day's practice and

each time you change magazines, using a good grade of light spindle

oil, stock number 6G1315A or equal.

(a ) Turn the camera mechanism until the semicircular cut in the

cam washer lines up with the upper right-hand corner of the cam

yoke as in figure 13 and put 1 drop of oil on the cam .

(6 ) Put 1 drop of oil on the pull-down arm toggle bearing, which

pivots the rear end of the pull-down arm .

( c ) Put 1 drop of oil in each of the two oil cups protruding into the

camera case from themotor side of the camera.

( 2 ) Using the oil cups provided , put 1 drop of medium weight

high -grademachine oil, stock number 6G1320 or equal, in each cup to

lubricate the traversing and elevating shafts and worm gears. Oil at

beginning of each day of use.

b . Theodolite PH -BD -33. — ( 1) Oil the working parts of the camera

at the beginning of each day's use and each time you changemagazines,

using 1 drop of oil at each oiling point. Use a good grade of light

spindle oil, stock number 6G1315A or equal.

(2 ) Three oil cups are provided on the frame of the theodolite :

one for the azimuth gear, one for the site gear , and one for the barrel

carrying the lens mount. Put 1 drop of medium weight high -grade

machine oil, stock number 6G1320 or equal, in each cup. Oil at be

ginning of each day of use.

c. Theodolite PH -BE -33. — (See a above.) This theodolite is

lubricated the same as theodolite PH -BC - 33.

d . Film viewer PH -97 - A . - ( 1 ) At the beginning of each day's use

oil as follows with light oil, stock number 6G1315A or equal:

(a ) One drop in each of the oil holes on the spindles.

(6 ) One drop in each of the four oil cups provided. One cup is

for the film feed sprocket, one is for the intermittent sprocket, one is
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for the main drive shaft, and the last is for the reel belt drive shaft.

(2 ) Keep the intermittent movement case about half full of lubri

cating grease, checking every 3 months. Lay the viewer on the belt

side when removing the cover to the intermittentmovement.

45 . Cleaning. - a . Theodolites. - ( 1 ) Keep dirt and grit cleaned

off all parts of the theodolite.

( 2 ) Keep the telescope cover, camera lens cover, and magazine

cover on the theodolite at all times when it is not in use. Clean sur

faces of lenses,prisms, or filters with camel's-hair brush or by rubbing

lightly with lens tissue, a linen cloth , or absorbent cotton . Do not use

a cotton cloth as it will leave lint.

b . Film viewer PII - 97 - A . - ( 1 ) Keep the parts of themachine com

ing in contact with the film especially free from wax and dirt, using

a soft cloth .

(2 ) Use lens tissue , a soft linen cloth , or a pad of absorbent cotton

rolled on the end of a match stick to clean the exposed surfaces of the

optical system . Do not dismantle the viewing attachment to clean

unexposed surfaces.

c. Time interval device PH - 103. — Keep dirt and grit out ofthe time

interval device and no other cleaning will be necessary.

46 . Replacing lamps. — a . T'heodolite PH -BC –33. — ( 1 ) To re

place either the night lamp or signal lamp, remove the control panel

by taking out the eight screwsholding it and pulling it forward , tilting

to get it past the oil cup on the theodolite frame. Remove the lamp

cover from the back of the control panel and replace the burned -out

lamp. The signal lamp shows light only through the red bull's-eye on

the front of the control panel. Light shines from the night lamp

through a slot in the lamp housing onto a small reflector, from the

reflector to the lens, and from the lens to the camera aperture. After

replacing this lamp and the lamp cover put the control panel back on

the theodolite and fasten it in place with two screws. Turn on the

night lamp. Release the camera aperture pressure plate by rotating

the spring holder toward the camera door and take out the pressure

plate . Using a smallmirror to look into the camera aperture, check

the illumination to see that the lighthas equal brightness at all corners

of the aperture. If it does not, adjust by reversing the night lamp in

the socket, by moving the slit in the lamp cover sideways, by bending

the small reflector, or by any necessary combination of the above ad

justments . If fogging is too dense , cover the top part of the reflector

and if it is too light put in a lamp which burns brighter . Place all

screws in control panel and tighten them .

( 2 ) To replace the counter illuminating lamp remove the counter

lamp cover plate (fig . 4 ) and the lampand socket. Replace the lamp
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and socket, lining up the contact springs with the contact screws, and

reassemble .

( 3 ) To replace the telescope lamp, first disconnect the lamp cable

by unplugging and then remove the telescope cover which is held in

place by three screws. Unscrew the lamp socket from the lamp hous

ing, replace the lamp, and screw the socket back into the housing.

Replace the telescope cover and reconnect the lamp cable . If the

illumination of the telescope cross hairs is not correct you can adjust

it at nightbymoving the lamp housing on the telescope. Disconnect

the lamp cable , remove the telescope cover, and reconnect the lamp

cable. Loosen the two screws clamping the housing to the telescope,

turn on the night lamps, and adjust the illumination of the cross hairs

by sliding the lamp housing on the telescope body. When it is cor

rect, tighten the clamping screws and reassemble , making sure that

the lamphousing does not touch the telescope cover, for if it does the

telescope will be thrown out of alinement.

b . Theodolite PH -BD -33. — ( 1) To replace the signal lamp, open

the small door on the control panel, remove the burned -out lamp, and

replace it with a new one.

( 2 ) To replace either the counter illuminating lamp or the night

lamp, remove the control panel and the azimuth handwheel. Use the

special wrench to unscrew the handwheel set screws about three turns -

each .

(a ) The bracket supporting the counter illuminating lamp socket

is fastened to the frame of the theodolite by one screw just below and

to the left of the camera door. Remove this screw and swing the

bracket, socket, and lamp out so that you can replace the lamp. Re

place and fasten the bracket and replace and secure the control panel

and handwheel.

(6 ) To replace the night lamp, remove the control panel and

handwheel and swing the counter lamp socket bracket out as above.

The night lamp and socket are pushed through a barrel mount up to

a position by the camera aperture near the front of the theodolite,

and are locked in place by a setscrew on the front of the theodolite .

The lead wires to the socket pass up the barrel. Loosen the set

screw , take hold of the wires, and carefully pull the socket down and

out of the barrel. Replace the burned -out lamp and put the new

lamp and socket in the barrel, pushing them up as far as they can

be easily pushed . Tighten the holding setscrew , replace the counter

lamp bracket and the control panel, and turn on the night lamp.

Release the camera aperture pressure plate by rotating the spring

holder toward the camera door and take out the pressure plate.

Using a small mirror to look into the camera aperture, check the
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illumination to see that the light has equal brightness at all corners

of the aperture. If it does not, remove the control panel, loosen the

holding setscrew , rotate the lamp slightly , replace the control panel,

and recheck the illumination. Rotating the lamp and socket changes i

the illumination slightly . When the illumination is correct tighten

the holding setscrew and replace the azimuth handwheel.

(3 ) To replace the telescope lamp, loosen the thumbscrew on the

telescope cover and carefully pull the lamp socket out of the mount

ing hole . Replace the lamp, reinsert the socket, and reclamp. Two

adjustmentsmay be used to adjust the cross hair illumination . Move

the socket in and outof the mounting hole to change the illumination.

If this does not give enough change in illumination remove the rub

ber eyecap and telescope cover ( fastened with four screws) and

rotate the diffusion ring on the eyepiece so that more or less light

(as needed ) may pass through the window to the cross hairs. Re

place the telescope cover and rubber eyepiece, make a final adjust- i

ment of illumination with the lamp socket movement, and clamp

the socket.

c. Theodolite PH -BE - 33. — Refer to a above. Lamps are changed

in the samemanner as for theodolite PH -BC-33.

d . Film viewer PH - 97 - A . - Remove the four knurled -head screws

(fig . 13 ) holding the film transportation assembly, and lift the as

sembly from the viewer, which will enable you to replace the 25-watt

lamp in the viewer. After replacing the lamp reassemble the viewer,

tightening the screws with your fingers only.

47. Adjusting and replacing belts. — a . Theodolite PH -BC

33. — There is no belt tightener in the theodolite. To shorten the belt,

disjoint it at the connection , cut off a very short piece, and rejoin

the ends. To remove the belt, disjoint it and pull on the end having

the coupling left on it. The belt will pull out. To replace, feed

the end without the coupling into one of the two belt holes in the

camera casting until it comes out the other hole. Recouple the belt.

b . Theodolite PH -BD)- 3.3. — The belt on this theodolite is a con

tinuous V -type belt. The following procedure is used in replacing

the belt:

( 1 ) Remove camera motormounting plate secured by four screws. !

( 2 ) Turn the pulley until you can see the pulley setscrew , insert

the setscrew wrench , and loosen the setscrew about three turns.

( 3 ) Pull out the pulley shaft far enough to allow the pulley to be

removed and remove the pulley and belt.

( 4 ) Put a new belt on the pulley and (using the belt to hold

the pulley ) place the pulley back into position and push the shaft

back into place. Line up the flat on the shaft and the pulley setscrew
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so that when tightened the screw will seat on the flat, and tighten the

setscrew . This will prevent burring of the round portion of the

shaft, which would make later shaft pulling difficult.

(5 ) The belt shaft is driven by a friction fitting on the drive

gear . To tighten this friction fitting, turn the split nut down on

the spring pressing against the fiber friction plate.

(6 ) Replace the motor mounting plate.

c. Theodolite PH -BE - 33. - Refer to a above. Belts are changed

in the samemanner as for theodolite PH -BC -33.

d . Film viewer PH -97 - A . - ( 1) The motor drive belt tension is

adjusted by moving the motor in the frame. Loosen the four screws

(two on each side of the viewer ) which hold the motor, move the

motor to a position giving the proper belt tension , and tighten the

holding screws. To remove the belt, loosen it enough so that you

can slip it off one of the pulleys.

( 2 ) Reel-drive belt tension is adjusted by swinging the reel

spindles on their mounts. Loosen the thumb nut on the left or belt

side of the viewer, rotate the spindle mount to give a slight tension ,

and tighten the thumb nut.

(3 ) Spindle clutch tension is maintained by spring pressure. To

change this pressure, release the lock nut on the rear end of the

spindle, tighten the lower nut on the spring, and relock with the

lock nut. Adjust this tension so that a full reel will just be positively

driven .

48 . Batteries. — a . Battery BA -23. — These 112 -volt batteries, used

on the time interval signal, should be replaced when the tone of the

signal becomes erratic .

b . Battery BA - 26 .— These 45 - volt batteries, used in the time inter

val device, should be replaced when the voltage under load drops to

35 volts.

C. Battery BB -46. — Keep these batteries properly filled with dis

tilled water and charged as prescribed in TM 11-430.

49. Theodolite PH -BC – 33. — a . Adjusting light baffle . If there

is evidence of light from the counter system fogging the target

portion of the film , or that from the camera lens system fogging the

counter portion, correct this by the following procedure :

( 1 ) Unplug the motor connecting cord from the theodolite frame.

( 2 ) Carefully remove the camera from the theodolite frame.

( 3 ) If counter portion of film is fogged , bend the baffle on the

theodolite frame ( in the camera aperture opening) slightly toward

the front of the theodolite. If the target portion is fogged bend

the baffle slightly toward the rear of the theodolite .

b . Adjusting levels. — ( 1) Remove the control panel from the theo

dolite.
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(2 ) Place the theodolite on a rigid base .

( 3 ) Rotate the azimuth handwheel to make the levels lie parallel

to the leveling screws.

(4 ) Level the theodolite without making leveling screws too tight.

(5 ) Rotate the theodolite carefully through 3 ,200 mils with the

azimuth handwheel. Do not move the theodolite on the rigid base .

(6 ) If the bubbles are not centered , turn the level adjusting screws

to move the level bubbles halfway to center.

( 7 ) Relevel the theodolite , rotate it back to the original setting, and

check the bubbles again . If they are not now centered repeat the

half- centering and releveling, rotating, and checking until the bubbles

stay at the center through one complete rotation of the theodolite .

c. Adjusting zero position of camera prism . - ( 1) Prepare a “ target"

on a sheet of white paper, consisting of four vertical lines, the central

ones 9316 inches apart , the outer lines 938 inches outside the inner

pair , and one horizontal line bisecting the vertical lines, all lines to

be about 1/2 inch wide. Label the vertical lines from left to right:

T , C , C ' , and T '.

( 2) Mount the theodolite in the normal manner ( see par. 16 ) .

( 3 ) Place the target at least 200 feet from the theodolite and as

near as possible at the same height. Remove the camera aperture

pressure plate as in paragraph 46a ( 1) and insert a piece of ground

film in the film gate over the camera aperture.

( 4 ) Traverse and elevate or depress the theodolite , using the azi.

muth and sitehandwheels until the image of the horizontal target line

coincides with the horizontal indicator mark in the camera aperture.

Note the site counter reading and “ dump” the theodolite ( traverse

and site through 3,200 mils ).

(5 ) If the image of the horizontal target line does not coincide

with the horizontal indicator, rotate the site handwheel to move the

image halfway to the indicator and then move the target vertically

until its horizontal line image and the horizontal indicator coincide.

Note the site reading and “ dump" the theodolite again and repeat

the check. When the image of the horizontal target line coincides

with the horizontal indicator mark in both the direct and “ dumped"

positions the target is at the same level as the theodolite.

(6 ) With the camera “ set ” on the horizontal target line as above

( telescope pointed away from the front side of the theodolite ) check

the site counter readings. If the site counters do not read zero make

the following adjustments :

( a ) Drive out the taper pin holding the site handwheel to the shaft.

(6 ) Unscrew the counter gear cover plate directly in back of the

elevating handwheel.
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( c) Line up the holes in the elevation counter gear with the three

thrust bearing screws. Remove these screws.

(d ) Mark themating teeth of counter gears with a pencil before un

meshing these gears.

(e ) Withdraw the elevation worm shaft and thrust bearing just

enough so that the gears do not mesh and set the site counters, both

internal and external, to zero. Remesh the gears to the nearest tooth

and replace the thrust bearing screws, cover plate , and handwheel.

d . Setting prism perpendicular to axis . — With the camera “ set ” on

the horizontal target line as above (telescope pointed away from the

front side of the theodolite) make the following tests and adjustments :

( 1 ) Traverse the theodolite so that the image of target line C falls

on the line of the two vertical indicators in the camera aperture.

( 2 ) Note the azimuth setting and “ dump” the theodolite. If the

image of target line C ' falls on the line of the two vertical indicators ,

no adjustment is necessary. If it does not, first remove the telescope

mounting plate from the theodolite (held by three screws) and then

turn the hexagonal-head screw at the base of the prism to move the

image of line C ' halfway to the vertical indicator line and by traversing

bring the image of line Cto coincide with the line of the two vertical

indicators. ·

( 3 ) Note the azimuth reading and " dump” the theodolite , checking

on line C . If the image of line C coincides with the vertical indicator

line,the adjustment is complete. If it is not ,repeat the halving process

and recheck .

e. Alining sight. - ( 1 ) Remove the dowel pin from the telescope

mounting bracket and remount the telescope on the theodolite.

( 2 ) Havingmade the adjustments described under b , c , and d above,

set the theodolite at zero elevation with the camera horizontal indi

cator on the horizontal target line and the camera vertical indicator

on target line C , and loosen the three locking screws on the telescope

bracket so that you can justmove the telescopeby hand.

(3 ) Rotate the telescope by hand so that the image of the horizontal

target line coincides with the horizontal cross hair of the telescope.

Check to see whether or not the vertical cross hair of the telescope co

incides with the target line T . If it does not, adjust the position of

the telescope by using shims under either the rear leg of the mount

or both front legs until this vertical cross hair does coincide with the

target line T . When the telescope is adjusted so that both the hori

zontal target line and target line T coincide with the cross hairs on

the telescope, tighten the holding screws.

(4 ) “Dump” the theodolite. If all adjustments have been properly

made the horizontal target line and target line T will coincide with
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the telescope horizontal and vertical cross hairs. If you find this to be

true, redowel the telescope bracket to the mounting plate, using a

slightly larger dowel if necessary.

f. Counters. — ( 1) The counters are permanently mounted on the

elevating mechanism and it must be removed to gain access to the

counters. The following steps, in the order described , are employed

to remove thismechanism :

(a ) Remove the time counter advance fitting (fig . 3 ) by removing

the three screws, the guide, and then the slotted fitting. This is

important.

(6 ) Unplug the telescope lamp connecting cable.

( c) Remove the screws holding the elevating mechanism to the

theodolite frame. These are below the telescope.

(d ) With an assistant holding the frame of the theodolite , pull the

elevating mechanism away from the frame of the theodolite. Pull

straight out from the frame to prevent binding.

( e ) The counters are readily accessible on the removed elevating

mechanism .

(2 ) Replacing the elevating mechanism is the reverse of the above

procedure. Place the slot in the counter reset shaft in a horizontal

position before you replace the elevating mechanism .

50. Theodolite PH -BD - 33. — a . Adjusting light baffle . If there

is evidence of light from the counter system fogging the target por

tion ofthe film or that from the camera lens system fogging the counter

portion, correct this by the following procedure :

( 1 ) Remove the camera motor mounting plate ( secured by four

screws) from the camera .

( 2 ) Removethe camera from the theodolite frame ( secured by three

bolts, two in the gear box and one in the camera movement chamber).

( 3 ) Loosen the setscrew holding the counter optical system in posi

tion . This setscrew is on the rear of the theodolite,extending through

the frame to press on the barrel mount of the counter optical system .

(4 ) If the counter portion of the film is fogged , rotate the barrel

mount to move the end of the baffle slightly toward the front of the

theodolite. If the target portion is fogged , rotate to move the end

of the baffle slightly toward the rear of the theodolite . Tighten the

setscrew .

(5 ) Set the baffle so that it does not protrude beyond the theodolite

framemore than 132 inch .

(6 ) Replace the camera and camera motor mounting plate.

b . Adjusting levels. - ( 1 ) Place the theodolite on a rigid base.

( 2 ) Rotate the azimuth handwheel to make the levels lie parallel

to the leveling screws.
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( 3 ) Level the theodolite without making leveling screws too tight.

' ( 4 ) Rotate the theodolite carefully through 3,200 mils with the

azimuth handwheel. Do notmove the theodolite on the rigid base.

(5 ) If the bubbles are not centered , turn the level adjusting screws

(using the small capstan wrench in the tool kit) to move the level

bubbles halfway to center.

(6 ) Relevel the theodolite, rotate it back again to the original set

ting, and check the bubbles again . If they are not now centered

repeat the half-centering and releveling, rotating, and checking until

the bubbles stay at the center through one complete rotation of the

theodolite .

C. Adjusting camera optical system ( site) . - ( 1) Prepare a “ target ”

on a sheet ofwhite paper , consisting of four vertical lines, the central

ones 634 inches apart and the outer ones 734 inches outside the inner

pair , and one horizontal line bisecting the vertical lines, all lines to

be about 1/2 inch wide. Label the vertical lines from left to right :

T , C , C ', and T'.

(2 ) Mount the theodolite in the normalmanner ( see par. 16 ) .

( 3 ) Place the target at least 200 feet from the theodolite and as near

as possible at the same height. Remove the camera aperture pressure

plate as in paragraph 466 ( 2 ) (b ) and insert a piece of ground film

in the film gate over the camera aperture. It may be desirable to

remove the sprocket film guide and upper sprocket from the camera,

and close the camera door with the camera magazine opening cover

removed. This will shield the light from the ground film and it will

be easier to line up the target lines with the camera aperture indicators

on the ground film .

( 4 ) Traverse and elevate or depress the theodolite, using the azi

muth and site handwheels, until the image of the horizontal target line

coincides with the horizontal indicator mark in the camera aperture.

Note the site counter reading and “ dump" the theodolite ( traverse and

site through 3,200 mils) .

( 5 ) If the image of the horizontal target line does not coincide with

the horizontal indicator, rotate the site handwheel to move the image

halfway to the indicator and then move the target vertically until its

horizontal line image and the horizontal indicator coincide . Note the

site reading, “ dump" the theodolite again , and repeat the check . When

the image of the horizontal target line coincides with the horizontal

indicator mark in both the direct and “ dumped” positions the target is

at the same level as the theodolite.

(6 ) With the camera “ set” on the horizontal target line as above

( telescope pointed away from the front side of the theodolite ), check
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the site counter readings. If the site counters do not read zero make

the following adjustments :

( a ) Remove the site handwheel by taking out the wafer -headed

screw in the end of the shaft and loosening the setscrew about three

turns.

(6 ) Remove the azimuth counter drive release unit by loosening the

setscrew in the brass sleeve about three turns and squeezing the release

levers while you unscrew the release unit off the shaft.

( c ) Remove the counter dust cover to gain access to the counter unit.

( d ) Remove the three screws holding the counter unit and pull it

out of the theodolite frame just far enough to unmesh the site gears.

Rotate the site counters by means of the site counter idler gear (at the

right side of the counter unit ) to make the site counters read zero,

replace the counter unit in the theodolite frame,meshing the site gears

to the nearest tooth , and replace the screws holding the counter unit

in place . Adjust the unit so that gears mesh tightly but do not bind

before tightening the three screws.

( e ) Replace the counter dust cover.

(f ) Replace the azimuth counter drive release unit by screwing it

on the shaft (with the levers squeezed together ) until the distance

between the inside of the ends of the released levers is 516 inch .

Tighten the setscrew in the brass ring to secure the release unit in place.

( 9 ) Replace the site handwheel, lining up the flat on the shaft with

the setscrew before tightening

d . Adjusting camera optical system (azimuth ). — ( 1 ) With the

camera “ set” on the horizontal target line as in c (5 ) above ( telescope

pointed away from the front of the theodolite ), rotate the theodolite

with the azimuth handwheel to bring the image of the target line C

in line with the vertical indicators in the camera aperture , note the

azimuth and site counter readings,and “ dump" the theodolite (azimuth

and site through 3,200 mils ) .

( 2 ) If the target line C ' is now in line with the vertical indicators

no adjustment is necessary.

( 3 ) If the target line C ' is not in line with the vertical indicators

make the following adjustments:

( a ) Loosen the four screws on the slidemount for the camera lens

barrel so that it is free to slide.

(0 ) Loosen the two screws clamping the end stop screw for the slide

mount.

(c ) While exerting pressure on the camera lens barrel at its base

to hold it against the end stop screw , turn this screw to move the image

of the target line (" half the distance to the vertical indicators in the

camera aperture. Tighten the four screws on the slidemount.
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(d ) Using the azimuth handwheel, rotate the theodolite to bring

the image of target line C in line with the vertical indicators , note

the azimuth and site counter readings, and “dump" the theodolite .

(e ) If the target line C is now in line with the vertical indicators

the adjustment is complete and the two screws which clamp the end

stop screw may be tightened. If it does not, repeat the adjustments

described in ( a ) , ( c ) , and ( d ) above until the target lines C and C

line up with the vertical indicators of the camera aperture with the

theodolite in the direct and “ dumped ” positions. When this condi

tion is reached you have this adjustment completed and may tighten

the four screws on the slide mount and the two screws clamping the

end stop screw for the slidemount.

e . Alining the sight. - ( 1 ) After the camera optical system adjust

ments in d above have been made, adjust the theodolite so that (with

the telescope pointed away from the front side of the theodolite) the

target horizontal and C lines are lined up with the horizontal and

vertical indicatorsof the camera aperture.

( 2 ) Focus the telescope on the target. If the image of the hori

zontal target line does not coincide with the horizontal cross hair in

the telescope,make the following adjustments :

(a ) Loosen the six screws holding the telescope mount to the site

gear. Using a screw driver, dig out the wax over the two, screws

securing the telescope mount dowel pin fitting and loosen the screws.

(6 ) Rotate the telescopemount on the site gear until the horizontal

cross hair and the horizontal target line coincide and tighten the six

screws. Tighten and rewax the two screws holding the dowel pin

fitting

( 3 ) If the target line T does not coincide with the vertical cross hair

of the telescope, make the following adjustments :

( a ) Remove the telescope cover held in place by four screws.

(6 ) With a screw driver loosen the prism movement locking screw

on the bottom ofthe telescope.

(c ) With the capstan wrench turn the capstan screw until the target

line T coincideswith the vertical cross hair in the telescope and tighten

the prism movement locking screw .

(d ) “ Dump” the theodolite. If all previous adjustments have been

correctly made, the target horizontal and T ' lines will coincide with

the telescope cross hairs. Replace the telescope cover.

( e ) Remove the ground film from the camera and replace the cam

era aperture pressure plate (and the film guide and upper sprocket,

if they had been removed to obtain a better view of the ground film ) .

f. Counter. - ( 1 ) The counter assembly is removed from the theo

dolite by the following procedure :
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(a ) Remove the control panel and unplug the electrical connection

to the counter assembly .

(6 ) Remove the site handwheel by taking out the wafer-headed

screw in the end of the shaft and loosening the setscrew about three

turns.

(c ) Remove the azimuth counter drive release unit by loosening

the setscrew in the brass sleeve about three turns and squeezing the

release levers while you unscrew the release unit off the shaft.

( d ) Remove the counter dust cover to gain access to the counter

unit.

( e ) Mark mating teeth in the site counter gears and note the site

counter reading.

( f) Remove the three screws holding the counter unit and pull it

out of the theodolite frame. The azimuth counter idler gear with the

knurled hub for manual rotation of the azimuth counters will come

off its shaft as the counter assembly is pulled out. Adjustments to

the counter assembly or its components may be made while it is

removed from the theodolite frame.

( 2 ) Replacing the counter assembly in the theodolite is the reverse

of the foregoing removal procedure, with the following precautions

to be taken :

(a ) When replacing the counter assembly , put the azimuth counter

idler gear on its shaft as the counter assembly is placed in the frame.

This is necessary because the gear fits into the side of the counter

assembly.

(6 ) Set the site counter reading to the value noted before the

counter assembly was removed and mesh the marked mating teeth

so that the site counter readings will be correct after the theodolite

is reassembled.

(c ) Before tightening the three screws which hold the counter

assembly in , place, adjust its position so that the gears mesh tightly

but do not bind.

(d ) When replacing the azimuth counter drive release unit squeeze

the levers together and screw it on the shaft until the distance be

tween the inside of the ends of the released levers is 516 inch. Then

tighten the set screw in the brass ring to secure the release unit in

place.

(e ) Line up the flat on the shaft with the setscrew in the site hand

wheel before tightening the setscrew .

51. Theodolite PH - BE - 33 ( see par. 49 ). - Adjustments on this

theodolite are, with one exception , made in the same manner as for

theodolite PH -BC-33. Theodolite PH -BE -33 has a mirror in the

64



'W1. 35 : 11- 435

lectricaldo

t the mate:

etsrer ab.

- unit bring

andsquee

off the shaft

cess to the

s and put:

er unitan

Edlergear

counte
rs

- Adjust

made with

lite is the

TM 11 -434
SPOTTING SET PH - 32 - B

51-56

camera optical system and the prism adjustment in theodolite PH

BC _33 will be a mirror adjustment for the PH -BE- 33.

52. Time intervaldevice PH - 103. — a . Erratic timing. – If, with

fresh batteries, the timing becomes erratic the trouble is probably

caused by a defective capacitor. Replace the capacitor with one of

the two spares and check for regular operation .

B . Contacts .— Clean contacts of keysand relays when necessary with

crocus cloth , never with emery cloth .

53. Time intervalmultiplier PH - 264- ( ) . - a . Adjust relay 3

so that its action is positive on both operate and release with 20 milli

ampere coil current.

b . Adjust stepping relay 4 for positive advance of ratchet wheel

through a complete cycle ( 10 operations) with 12 -volt battery source.

c . Clean relay contacts with crocus cloth when necessary.

54 . Line connector unit EE – 87. — a . The contact springs of the

multiple contact relay may be adjusted by bending the top springs

with a pair of longnose pliers . Key contact springs are adjusted in

the samemanner. Bend springsnear the base to prevent introduction

of bows in the springs. They should be kept as nearly straight as

possible .

6 . The vibrators of the hummers may be adjusted for spacing and

stable operation with the small screw adjustment.

55 . Time interval signal BE -65 . — a . Relay adjustment is made

by changing spring tension and adjustment ofthe screw stops.

b . Three vibrator adjustments are provided for the horn.

( 1 ) The stop of the contact spring of the vibrator must be adjusted

so that the contact willmake and break properly under the action of

the armature and post attached to it. This adjusment may be made

in the field .

( 2 ) The post is also adjustable ,being screwed into the center of the

armature and secured with a lock nut. To adjust , loosen the post

lock nut, screw the post in or out as needed, and tighten the lock nut.

The post must be in such a position that the stop for the vibrator

contact will break the contacts when the armature is pulled to the

magnet.

(3 ) The arch mounted on the base castingby means of heavy screws

and lock nuts must be parallel to the base casting. The movement

of this arch adjusts the air gap in the horn magnet system . Use a

socket wrench to make this adjustment.

56 . Developing equipment PH -41 and drying rack PH -42.

This equipment, if properly used, should not require repair. Tank

leaksmay be soldered from the outside, using care to wash off all flux.
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:57. Exposure meters PH - 77 - B and PH - 252 - A . - These me

ters, when damaged, must be returned to the Signal Corps depot for

repair or forwarded to the factory for repair and recalibration.

58 . Film viewer PH - 97 - A . - a . Mechanical parts. — With proper

servicing the viewer will require little repair . The intermittent

movement is most likely to become worn through use , and repair will

consist of replacing worn parts. Parts secured to shafts with taper

pins are furnished without holes for the pins. Fit the parts properly

on the shafts and then drill the hole for the taper pin through both

the new part and the shaft together, taking care to miss the old taper

pin hole in the shaft. Taper ream the hole and fit the pin securely.

Bearing bushings will be supplied undersize in bore and without oil

holes. Press the new bushing into place, drill oil holes, and ream the

bushing to fit the shaft.

'B . Optical system . - ( 1 ) Centering reticle. — This requires two small

screw drivers. Place a piece of film with a fine cross scratched on it

in the film guide, under the viewing attachment. Focus the eyepiece

on the reticle and the objective on the film scratch . Adjust the viewing

attachment so that the crossed scratches coincide with the center of

the reticle . Rotate the reticle 180° with the knurled ring . If the

reticle is centered properly there will be no apparentmovement of the

intersection of the crossed scratches with respect to the center of the

reticle . If there is apparent movement, note the amount and rotate i

the reticle until the small screws appear through the screw holes in !

the bearing housing ( just below the knurled ring ) . Engage screw

drivers in opposite screws and turn the screws simultaneously to !

move the center of the reticle about one-half the apparent movement

distance in the direction toward the intersection of the crossed scratches.

Repeat with the other pair of screws, check , and repeat the centering

process until no relative movement is observed on rotation of the

reticle . The reticle is now centered .

( 2 ) Magnification of objective. — The mil graduations on the reticle

grid indicate correctly only when themagnification of the objective is

so adjusted that the outer circle of the reticle is accurately inscribed

in the vertical and horizontal indicators as shown in figure 24. The

distance between the two vertical indicators should be 0 .588 inches.

Place a piece of film having this dimension correct in the viewer when

checking the magnification. If the reticle is not perfectly inscribed

in the horizontaland vertical indicators, the image of the reticle plane

should be enlarged or reduced by slightly shifting the objective and

the tube in which it is mounted. Remove the three mounting screws
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in the reticle bearing housing, and lift this from the viewing attach

ment. This provides access to the tube in which the objective is

mounted and the setscrew holding the tube. Loosen the setscrew , slide

the objective tube towards the film to increase the size of the image or

a way from the film to decrease the size, and tighten the setscrew . Re

place the upper portion ofthe viewing attachment; carefully focus the

eyepiece on the reticle and the objective on the film so that there is no

parallax. If there is no apparent motion of the reticle with respect to

the film , when you move your eye from side to side when looking

through the eyepiece, there is no parallax. Check the magnification

and if it is correct replace the screwsholding the upper portion of the

viewing attachment. If it is not, remove the upper portion and re

adjust the objective as above. Remove all dust particles from the

optical system before reassembling the attachment.

( 3 ) Inspection and lubrication of moving parts of viewing attach

ment PH - 98 - A . — The fit of the cross motion slide is adjusted by

meansof three setscrews in the base . Tighten these with a number 5

Bristo setscrew wrench . To lubricate , remove the body tube of the

viewing attachment, the top , and end plates of the base , and disas

semble the slide, clean thoroughly, and lubricate with Alcoa Thread

Lubricant. Lubricate the cross slide adjusting screw with a good

grade of light spindle oil, stock number 6G1315A or equal. Remova

body tube rotational shake by tightening the adjusting screw just

below the focusing clamp screw . Lubricate the body tube slide with a

mixture of one part beeswax, two parts paraffin , and three parts pe

troleum jelly. Use this samemixture to lubricate the cone-bearing of

the reticle mount, in the tongue and groove dust trap on the knurled

reticle rotating ring , and on the sliding tube of the eyepiece assembly.
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SECTION V

LIST OF PARTS

Spotting set PH - 32- B - - - - - - - - -

Developing equipment PH -41 and drying rack PH -42_

Film viewer PH - 97 - A - - - - - - - -

Junction box JB - 10 - - - -

Line connector unit EE - 87

Theodolite PH - BC - 33 _

Theodolite PH -BD - 33_ - --

Theodolite PH - BE 33 .

Time interval device PH - 108 .

Time interval multiplier PH -264 - ( ) - - - -

Time interval signal BE -65 - - -
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59. Spotting set PH - 32 – 3 . — a . The following is a list of the com

ponent parts of this equipment:

Quantity - Stock No. Article
Specification or

Drawing No.

- co
d
a

6H227A .. . . Axle RL- 27 - A . - . 71-655.
3A23 . Battery BA - 23 ; 4 in use , 4 spare. 70 - 21.

3A 26 . - - - - - - Battery BA - 26 ; 2 in use, 2 spare... 70 – 21.

3B46 . - - - - - Battery BB- 46 ; 3 in use , 3 spare . 70 – 33.

8A3733. 3 - 0 . Book , Instruction , for Theodolite

PH - BC - 33 and Associated

Equipment , or

Book , Instruction , for Theodolite

PH - BD - 33 and Associated

Equipment', or

Book , Instruction , for Theodolite

PH - BE - 33 and Associated

Equipment 1.

2 . - - - - - - 8A109 7 ( ) - 4 _ Book , Instruction , for Film
Viewer PH - 97 - A .

2 . - - 8A3837 - 1. - - - - 1 Book , Instruction , for Time In

terval Device PH - 103. .

2 bottles - - - 8A790. 1 . . - - - - Cement, film splicing, suitable Commercial.

for nitrate film , in 4 -oz bottles,

Eastman Kodak Co., or equal.

3E1407 . . . Cord CD -407 . . 75 - 32.

8A941. Developing Equipment PH - 41 . .
ot PH - 41. 75 - 36 .

8A982 Drving Rack PH -42 - - - - - - - - - - - 75 - 36 .

8A1057B Exposure Meter PH -77- B or 75 - 77 .

8A1058A PH - 252 - A .

10 rolls - - - - - None . Film , 200 ' rolls , negative 35-mm , Commercial.

SMPE Standard , perforated ;

panchromatic type having

speed of 64 on Weston scale as

published by Weston Elec
trical Instrument Corp ., New

ark , N . J., or equal.

8A1097 - ( ). | Film viewer PH - 97 - A - - 75 - 82.

2 . - - - - - - - None . - - - - - - Junction Box JB - 40 . . . 75 – 32 .

1 . . 4H1187 . - - - - Line Connector Unit EF - 87 . - - - - | 71 - 967 .

40 pkgs - - - - 8A802- 35 Powder, acid , fixing, Eastman Commercial.

Kodak Co. , in 1 - 1b packages,

or equal.

10 cans - - - - None Powder, developing, Eastman Commercial.

Kodak Co. , D - 11, or equal

(each can to make 5 gallons of

developer solution ) .

8A3292 . - - - - - Rewinder PH - 92 . - - - - - - - - Commercial

8A3691. . . . Splicer PH - 91 Commercial.

8A3733. 3 - - - - Theodolite PH BC - 33. or. . 75 - 32.

- - - - - - - - Theodolite PH -BD - 33, or. .. - - 75 – 32 .

1 Instruction book for theodolite supplied.

1
1

2 .
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List of ons
Quantity Stock No. Article Specification or

Drawing No.

Theodolite PH -BE -33 . . - - - - - - 75 – 32 .

8A3837 Time Interval Device PH -- 103 . - - 75 – 81.

None - - - - Time Interval Multiplier PH 75– 101,

264 - ( ) .

415005 . Time Interval Signa! BE - 65 . - - - - | 71 - 965.

1B110B - - - - - Wire W - 110 - B on Reels DR - 4 . - - | 71 - 478 .

2 . - - -

3 iniles. - - - -

ite

6 . The following abbreviations of names of manufacturers will be

used in subsequent paragraphs and lists :

Abbreviation Meaning

NH Norma Hoffman .

MR Micro-switch Corporation , Freeport, Ill.

VR Veeder-Root, Incorporated , Hartford , Conn .

H & H Hart & Hegeman , Hartford , Conn .

HBJ Howard B . Jones, Chicago, Ill.

WECO Western Electric Company.

WESTON Weston Electrical Instrument Corporation, Newark, N . J .

CD Cornall-Dubilier Electric Corporation .

Guar Guardian Manufacturing Company.

AE Co Automatic Electric Company.

Struthers Dunn, Incorporated .

General Radio Company.

IRC International Resistance Company, Philadelphia , Pa .

SD

GR

an , Cezzo

ial
-

( 002

- - - COR
D

"
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61. Film viewer PH - 97 - A . - See figures 34 to 38, inclusive, for

identification of parts.

S
C

D 1
5
9
6
1

.

401- C
403- C 404- C 405 -C

412- A
408

416411. B

409

415

00

418 - C 419 - C419-C
1003 1004

1015 1021

1024

1042

-
V
a
r
y
i
n
g

c
h
e
s
t

3990

1044

1061 1063
JION

1103 - A

NI08- A

U091109 0

-
-

1115 116

T
L

-3
7
3
9

1150

FIGURE 34 . - Parts identification for film viewer PH -97 - A .
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3001

3002 3021-8

3020C 3022
3004 - D

IA

3005 - D

3016 - 8

3009U 3007

3006 Ć 3024
3017-B

3010

3018 . 8 3023-8

3011
3017 -S

3037

-B 3039

F013033 034 - 8 3035 3036 3040

e 3056
MOTOR

ON FORWD3055

while

3054

3053

3041- B 3047
BACKWD

3048
3049- B

3042 - B

3052
3027

30430 72. 3740
FIGURE 35 . - Parts identification for film viewer PH - 97 - A .

-
3106

3101 3107

3110

3105 3108
3103

3102

FIGURE 36 . - Parts identification for film viewer PH - 97 - A .
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3162
3115 - U

3165 - V

3163

3166 3116 3168 3169
3114 - V0

3164

31710
3173

3167
3161. U

3172

come© 0 0 0

3133 3134 3195 3136

3147 3148 3149 3150

3151

3024 3145 3146

3158
3153

O

3152

3154

0
3155

72-37
41

3156
3157 3159- A

304 FIGURE 36 . - - Parts identification for film viewer PH - 97 - A - Continued .

10008 - C 10013 - D 10014 -8H

10040

10014 -CM
10001

10009 -C

10002
10010 - C OVIQLA LO

DOMOV

Monou . .

ANDMOJEC1025

1 :46 WACH
AU

*

10003- A
10011 - A

"

100012 10046 10047- A LUBRICANT
10047- B - C ENAMEL

MOVIACO
10005

CASEIN

GLUE

L
ASECTION

10047- 6 10049-A
10045

10003 - V
10048

TL - 3742
FIGURE 37. - Parts identification for film viewer PH - 97 - A .
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RUBBER EYE GUARD -KEUFFEL AND

ESSER AS USED ON TSEI HEIGHT FINDER

POSITON OF EYE

0
000 000 00

EYEPIECE 52X

MAGNIFICATION

387EF REDUCES 577x

00 000

OD 10

0 M

1. 316

PLANE OF FILM
VIEWING ATTACHMENT PH -98 - A

TOTAL MAGNIFICATION = 3x

FOR FILM VIEWER PH - 97 - A

SIGNAL CORPS. US ARMY TL - 3743

FIGURE 38. — Parts identification for viewing attachment PH -98 - A .
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62 . Junction box JB –40 . — See figure 39 for identification of

parts.

581 — . 584 - 585

- 589

r 588
5867

590

72 - 3744
FIGURE 39.- Parts identification for junction box JB - 40 .

587

Refer

ence

No.

Name of part Description
Specification'or
drawing number,

Signal Corps

Junction box JB - 40 .

581 ) Junction box casting

582 | Junction box cable clamp.

583 Junction box panel. - - -

584 | Binding posts .

75 – 32.

SC - D - 1023 .

SC - D - 1023.

SC - D - 1024 .

No. 14 - G Sergeant, Eby

Co .
585 Socket S0 - 56 _

586 Cord . - -

587 | Cable plug M - 155 .

588 Battery cord assembly

589 Battery cord plug M - 156
590 Battery clips - - - -

591 | Battery clip insulators . - - -

592 Large insulator . - - - -

593 | P . G . rubber tubing . ..

SC - D -457.

SC - D - 1026 .

SC - D - 1460 .

SC - D - 1025 .

SC - D - 1460.

No. 27 Clip , Meuller Co - - -

Mueller No. 47,modified . - -

Mueller No. 49,modified - - -

316 '' inside diameter x 416"

wall.

63. Line connector unit EE- 87. - See figures 9 and 31 for identi

fication of parts.

Specification or

Drawing number

Stock No. Name ofpart Description

Manu

facturer ' s Signal Corps

4H1187 SC- D - 3719 - C .Line connector

unit EE -87.

Relay - - - - - - - - - - SC - D - 3719 - C .

Hummer.- - - - - - SC - D - 3719- C .

Multiple , 7 -contact 10 - | 400 - 2

12 v ., North.

Microphone hummer
type 572- B , G . R .

Countersunk, brass, I- - - - -

No. C - 145, nickel

finish , Simpson .

Washer. - - - - - SC - D - 3719- C .
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Specification or

Drawing number

Stock No. Nameof part Description

Manu

facturer' s
Signal Corps

329936 - - - - - - - 10701- B - 1.

324455 I- - - - - - RL- D -6223.

SC - D - 3719-C .

Terminal. - - - - TM - 36 , eye clip , oval,

brass (tinned ) .

Resistor - - - - - - RS-55, 45 ohms + 5 %

porcelain tube.

Washer- - - - - Phenolic plate, 54 "' out

side diameter x 1364" ,

inside diameter x

332" thick .

Circuit plate. - - - Gothic type on 116''
graphic lamicoid , 8 "

x 11 /2 ' ' ,

Transformer. - - - Type C - 231 - - - -

Box . - - - - - Birch, 141732" x 11732"

X 432'' high

SC - D - 3718- C.

SC - D - 1614- ( .

( SC - 1 - 3720 - B .

SC - D - 3721 - C .

ISC - D - 3722 - B .

SC - D - 3723- B .

- - - - - - - - - -

Plate - - - - - - XXX black phenolic

plate , 13%16 '' x 1044"

x 346' '.

Binding post - - - TM - 195, brass , dull

white finish , knurled

cap , provides con

nection to line cir

- - - - SC - D - 1132.

cuits .

SC - D -530 .

SC - D -512.

RL- A - 320 .

32209 - -- -- do - -- -- - TM - 109, bakelite ,

knurled cap and

base, provides con

nection for battery
leads.

3D166 Capacitor - - - - - - CA - 166 , 0 . 1 uffixed ,

paper, 200 - v d - c ,

Tobe.

329913 Terminal. - - - - - -| TM - 13, eye clip , oval,

brass (tinned ) , for

binding posts for bat

tery leads .

Key -- -- - - - 3-position , No. 479EP,

W . E . Co.

- - - - -do- - - - - - - - 3 - position , No. 479G ,

W . E . Co .

Resistor - -- - - - -| Type F - 18, 20,000 ohm ,

14 W , IRC .

|- - - - -do . - - - - - - Type F - 12, 50,000 ohm ,

? W , IRC .

SC - D - 3723 - B.

SC - D - 3723- B .

SC - D - 3723- B .

- - - - - - SC - D - 3723-B .
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64. Theodolite PH - BC – 33. - See figures 40 to 43, inclusive, for

identification of parts.Secification et
DTSSIDE DOE

381

Signal Cup

- 372

10701-B

457 –

473

434

363

- 362

RL-D- 2

SC -D-314 0
2

N

E

L

L

O

SC-D-3714
2
0
1
8

483

313 —

310

3 /1

477

312

319 L
478 )

476
430

367 -

3

0

S

S

S

S

S

- 450

359

518

437

- 456

< 373
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SC-D -1614

SC -1-32

SC-D-303

D
R
O
N
E

SC -D-11 30

SC-D Ꮝ

SC-D-312
- 310

RL-A-2 302

562 T4- 3745

FIGURE 40. - Parts identification for theodolite PH - BC - 33 .
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-513

W
O

-326

.

564

EN

303 –
522

563

VOA

O
S

RE

142

224 - 191

- 190
-207
1119

147

- 102
T2 - 3746

FIGURE 41. — Parts identification for theodolite PH -BC -33.
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-502

561
- 142

183

565

184

102

198

185

501 196

- 5 / 7

-197

160

1894

Th -3747
- 516

FIGURE 12. — Parts identification for theodolite l' H - BC - 33.
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FIGURE 43 . - Parts identification for theodolite PH - BC - 33.
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Specification or drawing No.Refer

ence Stock No.
No.

Name of part Description

Manufacturer's Signal Corps

8A3733 . 3 75– 32 .

101
102

103

F

104

#

105

106

T - 101. . - . .

T - 102A . ..

T - 103 .
T - 104 . . .
T - 105 .
T - 106 . .
T - 107. . .
T - 108
T - 109 . . .
T - 110A .

T - 111.
T - 112 . ..

110

111

112

113

114

115

116

T - 113 . . - - - - - -!
!

T - 114 .

T - 115 . .

T - 116 . .

T - 117 . . .117

118

119

120

121

122

T - 118 .

T - 119

T - 120 .

T - 121 .
T - 122
T - 123
T -124 .
T - 125 .
T - 126 . . .

T - 127 . . .

123

124

125

126

Theodolite PH -BC -33
Base . . . . . . . . - - - - - - - - -

Turntable

Azimuth gear, lower half . .
Azimuth gear, upper half ..
Lower gear retaining ring

Backlash spring block . - -
214 " prism bracket. ..
249 " prism box . . .
Elevation worm gear

1 " prism bracket . . . . .

50-mm lens mount. ..
144 " prism stop
14 " prism spring block . .
1 " prism . . - -- - - - - - -
144 " prism . . - . - . - . - . - . - -

Diaphragm for 50 -mm lens.
144 " prism hold down but
ton .

Worm for azimuth and site.

Leveling screw handle . . .

Leveling screw . . . .
Leveling screw cup . - - - -

Turntable ball thrust
King pin . . - -
244 " prism spring bar..
24/ " prism top spring. .. .
244 " prism side spring . .
1" and 14 " prism hold
down spring .

244 " prism bottom spring
244 " prism top hold down
button .

244" prism side hold down
button ,

249 " prism back stop . . . .
242 " prism round head
screw .

244 " prism ball head screw .
242 " prism house . . . .

Outboard bearing for 244 "
prism house .

Elevation gear thrust col
lar .

Theodolite cover
Filter holder . .

Filter frame. . . . .

Filter frame nut.. . . .
Backlash spring . . .
Theodolite box . .

Elevation gear housing . . .

Solenoid bracket. . .

Lens setting ring . . . ,
Lens setting nut. ..
Azimuth hand wheel. . .

Counter ratchet shaft .
Counter ratchet pin . .
Elevation worm thrust

128 T - 128

T - 129. . .129

xin T - 130

131

132
| T -131 . ..

T - 132. - - - - - -

133
134

T - 133. - - - - -
T - 134 . . - -
T - 135 . . - - - - -135

T - 136 .

1
1

138

139

140

141

142

143

T - 137
T - 138
T - 139
T - 140 .
T - 141.

T - 142
T - 143A
T - 144A .
T - 145 .
T - 146
T - 147 . . . .
T - 148 A . . .

T - 149A . .

T - 150 . . . .

144

145

146

147

1
1

148

1
1

149

150

bearing .
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Specification or drawing NRefer
ence Stock No.
No.

Name of part Description

Manufacturer's , Signal Camp
- - - - ---- - - - - - -

151

152

T - 151
T -152 -
T - 153 . . .. .. . .

|

154 T - 154 . .

155 T -155. . .
T - 156 . . - - - - -156

T - 157. - . .

168 T - 158 .

159

160

161

162

T - 159 .

T - 147 . . .
T -161. . .
T - 162 .

T - 163A
T - 164 . .
T - 165. . - - - - - - -

163

164

166

167

T - 166 . . .

T - 167 . . .

T - 168A

T - 169 . . .

100

169

170 T - 170 .
T - 171 . . .

172

173

Elevation worm bearing
Elevation counter gear

Elevation counter idler
gear bracket.

Elevation counter idler
gear .

Elevation worm shaft . . .

Elevation counter gear
cover .

Elevation counter gear
bearing.

Elevation and azimuth
worm washer.

Counter coupling pinion .
Elevation hand wheel. . .
Counter dial. . .

Azimuth worm bearing .
Counter bracket . . . . - - - . .

Azimuth worm shaft. . . .

Azimuth worm thrust
bearing.

Hand wheelhandle .. .

Hand wheel handle shaft

Telescope bracket

Top spring for23" prism .
6 " lens bafile . .
Reset counter shaft exten

sion .

Counter window frame. .
Counter window .

Reset counter knob .
Counter reset bushing
Elevation worm cover . ..

Telescope base plate. - - .

Theodolite handle . . .
Lamp house . . . . . .

Light reflector insulator . . .
Light reflector contact. ..
Light socket . . . No. 20 double contact bay .

onet receptacle , modi

fied , F . W . Morse, Bos
ton .

Cover for light reflector
Solenoid spring . . . . . .

Ball thrust disk . - -

Solenoid . . . Type 5035 , 12- v , d - c , 7
ohms, Leach Relay Co.

Lower gib . . - - -- - - - - -
Side gib . . .

Telescope guard . . . .

Felt ring
Counter spiralmarkerplate
Dust cap . . - . .

Interval counter - - - - - - - No.AT28 ,ratchet counter,
Veeder-Root Co.

Turn table screw . . .

Turn table screw wash

Fillister head screw . .. . .
Fog lamp cover - -- - - -- - - -

174

175

176

179

T - 172A . .
T - 173A .
T - 174 .
T - 175 . . .

T - 176 . . .

T - 179A .

T - 180A . . .
T - 181A .

T - 182A . .

T - 183 . . .

181

182

183

185

187

T - 185A . .

T - 187A ..
T - 188 . . .

190

191

193

T -190
T - 191. . .

T - 193A . .

T - 194
T - 195A . .

T - 196 .

194

195

196 190 . . . . .

102

198 T - 198 A . . .

T - 199 . . . . .

T - 200 . . .

T - 201A . . .

92
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Manufacts Manufacturer's Signal Corps

T - 151

1 :4

T-13

202
203

204

205

206

T - 202A . .
T - 203. -
T - 204 . .
T -205 . .

T - 206 .

T - 207.
T - 208 . . .

T - 209

T -154
207

208T - 155

T -154. . .
209

T- 15.
210

211

T -210 . . .

T -211.

1-13 ... -
212 T - 212 .

T - 213. . .213

T - 161.....
214

215

T -214A . . . . .

T - 215 . - - -- -

T - 1644 . .. -
216 T -216A

T-161....
217

218 1
1

T - 217 . . .
T - 218 . . .

T - 219 . . . .219T -166.....
T - 109 ... *****

T - 601. ..

T - 10 cm

T - 110 ...

7 -171....

T -220 . .. . .

221 T - 221 . .

T - 222

T-1721. ... 223

Fog lamp support . - - - -
Counter window . . . .

Counter window washer. . .
Panel. - - - - - - - - - - - - - - - - -

Panel knob . . .

Panel strip switch , 8 prong
Cable clamp. . . - -

Oil can clamp, theodolite
box.

Sight. . .

Telescope reticle illumi
nator .

Lamphousing end cover ..

Bracket pin , theodolite
box .

Eye bolt, theodolite box .
Eye bolt bracket, theo

dolite box.

Hold down bracket, theo
dolite box .

Right level guard . -- - -
Left level guard . . .
Cushion support, theo

dolite box .

Cushion block, theodolite
box .

Level washer . . - - -

Center block , theodolite
box .

Center felt, theodolite box . - - -.
Manual counter set . . - - . .

Manual counter set bear

ing.
Cover plate for T -201A .

Switch box spacer.
Solenoid wire insulator . . . .

Adjusting screw for 212 " .

prism .

Relay insulator. . .

Relay spacer . - - -

Relay insulator nut .- -- - - -
Washer for hold down
bracket.

Oiler spacer - - - - - -

Azimuth thrust washer . . . .

do . .. . . . . . . .

Solenoid bracket attach
ment.

Camera box . . - - -- - -
Shutter cover - - -

Magazine pulley - - - - -
Magazine catch

Shutter
Shutter counterweight .

Movement gate bushing

Movement gate pin . . . .
Movement spring. . . .

Aperture plate. . .
Register plate . . . .

224

T - 223 . . .

T - 224 . . .
T - 225 . . . .225T -174..... -

T - 17 )......

7 -176..----

T -1798. ..
T -1A....

T -INA ..
T -INA.

226

227
228

229

T - 226 .

T - 227
T - 228 .
T - 229

231

232

T - 230. .. .
T - 231 . . . . .

T - 232 . . . . .

T - 234A . . .234

2361 -1858...

T -187A .. .

T - 189 ...

237

242

254

T - 236 .

T -237

T -242. .

T -254 . .

- - 191. ... .

- 194... .

-- 1934 ..

- - 196 ..

301

302

303

304

305
306

307
308

309

310

311

TC -1 .
TC - 2 .
TC - 3

TC-4 . .
TC - 5 .
TC -6

TC -7 .
TC - 8

TC - 9

TC -10A . . .
TC - 11 . - -

-- 1981...

- -199. ..

2014 .....
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312

313

314

315

TC - 12
TC - 13 - - - - - - - -

TC - 14 . - - - - - -
TC - 15 .

- - - - -O I - - - - - - - - - - -316

317

TC - 16
TC -17 . . . . .

TC - 18

319

320

321

TC- 19 A ... .
TC - 20 . - -
TC - 21 . - - - - - - -

TC - 22 - - - -

323 TC - 23. - -

!

324

325

326

327

328

329

330

331

TC - 24

TC -25 .
TC - 26 .
TC - 27

TC - 28A

TC - 29A . .

TC -30.
TC - 31

332

333

334

335

336

Gate - - - - - - - - - - - - - - - - - - - - -
Pressure plate . . .

Base plate . . . . .

Hold down arm toggle
bearing .

Bearing housing. - -

Movement bearing large
spacer.

Movement bearing small
spacer.
Cam shaft .

Movement bearing nut -- -
Aperture field indicator

top .

Aperture field indicator

side .

Aperture field indicator
bottom .

Counter aperture fence

Shutter drive gear. ..
Movement gear. .
Magazine feed pin . . .

Intermediate gear . . . .

Intermediate pinion .

Sprocket gear. -- - -
Tachometer gear on
sprocket shaft.

Tachometer lower gear - --
Tachometer gear - - - - - -

Tachometer pinion . . . - - - - -
Magazine drive pulley . . . . .
Magazine pulley pinion .. .
Counter gear . . - - - - - - - -

Shutter shaft gear . . . -

Intermediate gear washer ..

Magazine pulley shaft . - -
Sprocketbearing housing. .

Sprocket bearing spacer,
large .

Sprocket bearing spacer,
small .

Sprocket shaft washer - - - -
Sprocket shaft. - - -

Shutter shaft inner race
spacer

Shutter shaft bearing hous
ing .

Shutter shaft . .

Shutter hub . . . . .

Lower box screw . . .
Counter bracket . . . .

Tachometer housing
Tachometer drive shaft . . .

Tachometer gear box cover.
Trip apron bearing -

Trip apron - - - -

Trip plunger bearing . . . . .
Trip plunger knob . .. .

Stripper , take up side. . .

1

337

TC -32 . .
TC - 33

TC -34 . . - -
TC - 35A . . .

TC -36A
TC - 37 .

TC -38
TC -39
TC -40A .
TC -41 . .

TC - 4

338

339

340

341

+

342

1

343 TC -43

344

345

TC - 44 . . .

TC -45 . .

TC -47 - -347

348 TC -48.

349

350

351

353

354

355

TC -49.
TC -50 .
TC -51.
TC -53 .
TC -54
TC -55 .
TC -56 .

TC -58
TC -59

TC -60 .
TC -61.
TC -62 .

356

358

359

360

361

362

94
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No.
Name of part Description

Manufacturer's Signal Corps

TC-2 363
364

365

366

367

. . . .
TC-

368
. ' 11 -3

... TC- ...

TC -63 . . .

TC-64
TC-65 . . . . .

TO-66
TC -67
TC -68.
TC -69 .

TC -70 .
TC -71. .

TC -72. . .
TC - 73

TC - 74A .
| TC - 76 . . .

TC - 76 . . . .

369

370

371

372

373

374

376

376

TC- .

TC-14. -

TC

TC TC-77A ... ..

TC-I... TC -78. .

379TC-3 .
TC- S.
TC- .. .

TC-E ...
TO'- .

TC-91
TC- ). -

TC -3 . ..

380

381

382

383

385

386

387
388
389

TC -79

TC -80
TC -81 .

TC -82
TC -83 .
TC -85

TC -86
TC -87 . . .

TC -88 ;

TC -89A
TC - 90 A

TC -91B

TC -92
TC - 93

TC -94A .
TC - 95 . . .

TC -96
TC - 97 .

390

Stripper, feed side
Sprocket film guide base
Idler roller pin .

Counter drive shaft .. ..
Door
Door light trap

Door light trap insert. .
Magazine stop

Door, magazine light trap
Magazine . . . . . . . . . . . .

Magazine cover . .

Lower box tie . . . . . . .

Magazine hold down shaft.
Magazine hold down

spring arm .

Camera door hinge, in - '.
board .

Camera door hinge. out

board .

Magazine latch spring
Hinge pin . . . - . .

Magazine hold down. .

Magazine idler spool. ....
Lock washer screw . . . .

Threading knob

Rotor shaft ſelt seal . . ..

Needle bearing screw

Felt sealwasher
Camera cover ,motor side
Motor end bell . . .

Motor brush end bell

12v motor armature .
Motor drive gear

12v motor field . . .
Trip plunger . - - .

Door catch . . .

Tachometer housing cover

plate.

Movement gate spring clip

Movement gate spring
post .

Tachometer drive pin .

Motor grommet cap . . .

Motor grommet plug . .

Magazine spring post

Magazine hole cover
Movement gearhub

Movement gear ring

Aperture plate screw ,
Counter - . . .

Box lock screw . . . .
Bor lock nut

Magazine pulley shaft
Washer
Gear retaining ring

Gear retaining ring

Baffle plate

Sprocket film guide, safety
bushing.

TC- ....

TC - ....

TC - 34 . ..

TC -15. .

IC- A..

. . TC-50.. .

T ( -38. ..

391

392

393
394

395

396
TC -29.
16 -40 .... 397

16-41 .

| TC-42...
398
399

TC -98 .

TC -99

TC-43... 401
402
403TC # ....

- TCt ..

TCH..

TC-48..

TC-49...

404

405

406

407

408

409

411

412

413

414

415

TC - 101

TC - 102
TC - 103
TC - 104 .

TC - 105 .
TC - 106

TC - 107
TC -108

TC -109.
TC - 111.

TC - 112 .

T ( - 113

TC - 114

TC - 115 .
TC - 116 .

TC -117
| AA - 1 - 10

TC -50......
TC -51 ...

TC -53.....

TC -54 .....

TC -55 ..

TC - 36 ..... .

TC-58....

416

- C -61.. . .
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Manufacturer's SignalCare a

431

432

433

AA -21 - 2 . . .
AA - 21 - 3

AA - 21 - 5 . . .

AF - 14 - 12A .

AF- 14 - 13A . . .

434

AF - 14 - 14A . . .

437

438

439

440

441

1
1
1

AF - 14 - 17 . . .

AF - 14 - 19

AF- 14 - 23
A1- 23 - 2 . . .
AI- 23 - 3

Al-23- 5 .442

443

444

445

446

447

AI- 23 - 6 . - - -
AI- 23 -7A . . .

AI- 23 - 10 - - -

AI-23- 11. . . .
Al- 24 - 3 . . . . . .

AI- 24 - 4 . .

AI- 24 - 5 . . . . .

450

451

452

453

Door latch stop . . . . ..
Door latch knob . . .
Door latch spring . . . . .

Sprocket film guide roll . . .

Sprocket film guide pin ,
short.

Sprocket film guide pin ,
long.

Idler roller . . . . .

Idler roller shaft screw

Sprocket film guide spring

End roller,magazine
Magazine center roller.

Center roll bushing, mag
azine.

Magazine roll spring .
Magazine light trap plate
Magazine spindle

Magazine roll screw

Magazine spindle bushing
housing.

Magazine cover spring
housing.

Magazine spool tension
spring .

Contractible spool assam .
· bly .

Contractible spoolframe
Contractible spool trigger
Contractible spoolshell .
Oilless bearing - . - - . .

Screw we

Sprocket . . .
Eccentric . . . . . . . . . .

Eccentric shaft . . . .

Buckle trip switch assem
bly .

Switch contact bar sepa
rator.

Trip switch top plate --
Tungsten point. . .. . .
Tungsten point
Trip switch contact bar. . .

Trip switch bottom plate
Trip switch push plate . .

Buckle trip switch shaft
Spacer . . . . .

Buckle trip switch spring
Sprocket film guide swivel

casting .

Buckle trip spring

Buckle strip spring post

Door stop pin . . .

Sprocket shaft roller pin .
Swivel bearing - . . .

Pull-down arm . . .
Cam washer . . . .

Cam book washer
| Pressure plate rail

454

CMS- 1. . .
CMS- 2 . .
CMS-3 .
LM -3A . . .

MOA- 14 . . .

NC -57C .
NC - 174A
NC- 175 . - - - -

- - - - - - - - - - -

455

456

457

458

459

NC- 225.

461 -
462
463
464
465

NC- 226 .
NC - 227 . . .
NC - 228 . . . .
NC- 229B . .
NC- 230 . . . .
NC- 232
NC - 234
NC -237. . . . .
NC-239 . . .
NC - 268 . . .

466 .
467

468

471

472

473

474

476

477

NC-304 . . . .
NC-305 . . .

NC -337A . .
NC -481 . .
S - 9 . . . . . . . . . .

S - 22

S - 23 . - - - - - - - -

S - 25A . . . . .
I5-27B . .

478

479

480

96
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481
482

U
U

.

- - - - - - - - - - - - - - -

S 28

S 30A

S 15

S 16

483
484
501

502

AF- * 14

504
AF-ita

. AF

do . - - - -
AI

505

506

507

508

509

510

Al-23 -
511

LAN
512 - -- --

! 1- 4 K13

514

515

CVS- 1

CMS-?
C /S- 3

LV

Pressure plate roller

Clamp arm spring . ..

Pressure plate clamp arm .
Clamp arm spacer . . . .

Prism . . . . 45° , 219" face , B & L Co...
Photographic lens. 152-mm , 1. 2 .7 , Baltar, B &

L Co.

. . . . do . . . . . . . . . 50 -mm , f.3.5, Tessar, B &
L Co.

Elbow telescope . . . . . Ordnance Dept. M -2 , B
& L Co.

Photographic filter. . . . . Wratten No. 5N5.. .

Wratten No. 25 A . ..
do Wratten No. 29 F .
do . - Wratten No. 39 . . .

Needle bearing B -610 , Torrington Co.. . .
Ball bearing - . - . Felt seal No. 200 TT, Faf

nir Co.

do . . - - Felt sealNo. 200T , Farnir
Co.

.. do --------- Felt seal No. 37T , Fafnir
Co .

Tachometer. . . 757N , specialdial, Stewart
Warner Co.

Azimuth visual counter. P - 56 , Veeder-Root Co --
Site visual counter. . . P -56 , Veeder -Root Co.

Azimuth photographic | P -31, modified , Veeder

counter. Root Co.

Site photographic counter. P -31 , modified, Veeder
Root Co.

Footage counter . . - - - - - - AQ -48, Veeder-Root Co .
Level . 1 " side transit , 2516" x 58 ,

C . Berger Co., Boston .
Oil cup - - - -- - - - No. 53 -ON Empress .

... do . . No. 54 - 21K Empress . . . .

Belt - 18 " leather, 1576 " long . ..

Carrying case - - -
Signal switch No. 20994 SPST toggle

switch , H . & H . Co.

Motor switch No. 20994 SPST toggle
switch , H . & F . Co.

Night switch . No. 20994 SPST toggle

switch , H . & H . Co.
Lamp switch . . . . . .. No. 21350 - A SPDT toggle

switch , H . & H . Co.

Bayonet receptacle. No. 12 double contact,

modified , F . W . Morse,
Boston .

Signal lamp. - - - - - -- - No. 68 double contact
mazda, G . E . Co.

Night lamp . . . No. 68 double contact
mazda, G . E . Co.

Relay . . . - - - - - - - - . . . . . . Type 1010 – 224-V d -c
Leach Relay Co.

Socket SO 54 . . .
Rheostat . . . . Model J No. 0321, 150

ohms, Ohmite Co.

518

519 . .
104- 14

VC-

VC -

VC -13.

520

521

522

523

551

NC -125
- - -

VC

NT - 553 - - -
NC- IN
7 -28B

555
NC- . .

NC -232 .

SC-284 .

SC-237.
SC -130

556

557

C - 344 .,

C -305
558 .

SC D - 457 .
11-01

559

560

S - 354
8 -27B. .

455507°- 42— - 7 97
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561 Connector . . . . .

562 - - |- - - - .do. - - - -

563 - -- --- do . . . NO. I I . II - - - - - - - - - - - - - -

564

No. ATR - 17 - 3, female

connector, Aero Elect.
Products .

No. ATR -12-3G , male
connector, Aero Elect.
Products.

No, ATR - 18 - 3, male con

nector, Aero Elect.
Products.

No. ATR - 11 - 36 , female

connector, Aero Elect.
Products:

No. 94 double contact
mazda, G . E . Co .

No. 148 double contact,
F . W . Morse, Boston .

TP 428 , 0 .10 mſ., 400-v ,
Mallory Co.

No. 311, red , Yaxley Co.

Ordnance Department
B16301.

No. 68 double contact

mazda, G . E . Co.

565 Counter lamp. .

106 Bayonet plug

Condenser

568

569

Pilot light jewel. . . . . . .

Socket assembly

570 Reticle lamp. . . . .

98
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65 . Theodolite PH -BD – 33.— See figures 44 and 45 for identifica
piestien 13 tion of parts.

74 72

1071

S
O

2
S

S

96
112

133 SZ
C

L
A

SE
C

SON

95
101

(148
149

140151

152
1154

134

107

52

- 120 .

160

* 194
135

T4 - 3749
FIGURE 44. — Parts identification for theodolite PH - BD - 33.
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C
R
O
N
O

45 66

I
N
T
E
R
N
E
T
I
N

125

O
L
D

156

178 181

TURE

3864
NO. 2

ZIM

3
8
5
5
5
3
3
3
3
2
0

8A377

160 179 177 1 86
18818

T2 -3750
FIGURE 45 . — Parts identification for theodolite PH - BD - 33.
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ence
NO.

Nameof part Description

Manufacturer 's SignalCorps

1. . ..

het

5 . . . . . .

w
o
o
n

11

15

16

17

19

25

Magazine roller unit case . . . . ..
Roller unit film guide . . . . . . . .

Hinge for camera door end. . --
Handwheel for azimuth /eleva

tion gears.

Shaft for film safety trip . . .

Counter drive shaft . . .

Bearing for hold -back sprocket |
(No. 16 ) .

Film sprocket guide screw .- -- - -

Idler gear screw
32-mm lens barrel for theodolite
Film gate for theodolite . . .

Camera switch blocker

Feed sprocket bearing (No. 7) . - |
Counter unit frame. . ..
Camera shutter . . . .

Split ball bearing retainer for
theodolite .

Camera door
Motor mounting plate for the- |

odolite camera ,

Motormounting casting for the
odolite camera .

Ball bearing retainer for motor
mounting.

Motor knob for camera drive
clutch unit.

Shaft for camera drive clutch - - - - - - - - - -- - - - - - --
unit .

Hub for camera drive clutch
unit .

Tension washer for camera drive
clutch unit .

Washer for camera drive clutch
unit .

Filter mount. . .

Ring for filter mount. . - - - .

Spiral drive gear for camera
drive clutch unit.

Camera drive clutch unit as

sembly .

Shaft for take -up shart assembly

Gear hub for take-up shaft as

sembly.
Gear for take-up shaft assembly .

Pressure plate for take-up shaft
assembly.

Pressure spring for take-up shaft
assembly .

Adjusting nut for take-up shaft
assembly.

Pulley for take-up shaft as- - - - - -
sembly.

Take-up shaft assembly . - - - - - - - - -
Elevation bearing sleeve . . .

Shaft for feed sprocket shaft as
sembly .

- - - - - - -

35

6

39 . . .

41. . .
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49 . . .

.. . ... .

- - -
- - - - - -

- - - -

- - - - -

---

48 Spiral gear for feed sprocket

shaft assembly .

49 Medium gear for feed sprocket
shaft assembly .

Large gear for feed sprocket
shaft assembly .

Film guide. )
Stop washers

Feed sprocket and hold-back
sprocket.

Feed sprocket shaft assembly . . . .
Hold -back sprocket shaft as

sembly.
| Shaft for hold -back sprocket as

sembly.
Gear for hold-back sprocket as

sembly .
Tachometer assembly . . . . .

Drive shaft end of tachometer

for tachometer assembly .

Ball bearing adapter for tachom

eter assembly .

Drive shaft for tachometer as

sembly .

| Drive shaft collar for tachom

eter assembly .

Gear for tachometer assembly . . .

Light trap ring for tachometer
assembly .

Shutter shaft assembly . - -

Shaft for shutter shaft assembly . .
Ball bearing retainer shutter

shaft assembly .

Collar retainer shutter shaft as- l.

sembly .

Counterweight retainer shutter
shaft assembly .

Push button for door lock as
sembly .

Lock spring for door lock as
sembly .

Pressure spring for door lock - - - . . .
assembly .

Catch for door lock assembly . . .
Lip for door lock assembly . . .

Film safety trip assembly . . . .

Cam block for film safety trip

assembly .
78 Plate for film safety trip as

sembly .

Light trap for camera door

Film magazine light trap for
camera door.

| Cover plate for film magazine
opening

83 | Film magazine retaining block ...
84 | Hold -back sprocket stripper

block .

| Idler gear assembly . . .

74 . . - - --

78 . . - - - -

A ICI CI O CI - - - - - - - - - - - -

102
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Manufacturers

86. . - - - - -- -
48 . . . ** *** 87 . . . .

49 .. .. .

1

94 . . .

3

99 . . .

100 . . . . .

101 . . .
102 . . . - -

103. -- - -- - -

104

105 . . . - - -

Gear for idler gear assembly . . - - -
Film magazine for theodolite
camera .

Film footage reset counter unit . .
Gear for reset counter unit . . . .

Shaft for reset counter unit. . . .
Retaining arm assembly for film

pressure plate .
| Arm for retaining arm assem

bly .

Spring for retaining arm assem
bly .

Plunger for retaining arm assem

bly .
Screw for retaining arm assem
bly .

Film guide post for retaining
arm assembly .

Inner film gate . . . . . .

100 Mask for theodolite counter
unit .

Film pressure plate assembly . . . .

Plate for pressure plate assem
bly .

| Roller for pressure plate assem
bly .

Roller shaft for pressure plate
assembly .

105 Retaining plate for pressure
plate assembly.

106 Cover for film magazine. . . - - - - -- |
107 Track for film gate . . - - - -

Azimuth and elevation worm
gears .

109 Smallhinge for theodolite chest . .

Catch hinge for theodolite chest .

111 Film magazine assembly for
theodolite camera .

112 Feed spool shaft for filin maga
zine .

113 Large roller for roller unit case. .
114 Small roller for roller unit case. ..
115 | Shaft roller for roller unit case . . .

116 Bearing for spool shaft assem
bly .

Nut for spool shaft assembly . . . .

118 Shaft for spool shaft assembly . . .

119 Pulley for spoolshaft assembly . .

Take-up spool assembly for film
magazine.

Shell for take-up spool assembly .

122 Cross piece for take-up spool
assembly .

123 Plunger for take-up spool assem
bly .

124 | Spring for take-up spool assem
bly.

125 Azimuth counter drive release
unit,

1
1

107 .
108 . . .

109
110 110 . . .

- - - -- - 111. . . - - - - -

114 .

115 . . - - - -

116 . . .

117 117 . ..

118.
119 .

120 120 - -

121 121 -
- - - - - 122 . . .

24 . . . . .
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Specification or drawing
numberRefer

ence
No.

Name of part Description

Manufacturer's Signal Corrie
--- - - - - - - - - - -

- - - - - - -

. . . . . 134

135 . . .

1136 . - - - - -

137
- . . 13 .

14
- - - - -

126 | Body for azimuth counter drive
release .

127 Shell for azimuth counter drive
release .

128 ' Spring for azimuth counter drive
release.

129 Lever cam for azimuth counter
drive release.

130 Cam followerforazimuth count
er drive release .

131 Plug for azimuth counter drive
release .

132 Socket holder for theodolite !

fogging lamp.
133 | Guide for camera film gate .

134 | Retainingspring for camera film

gate .

135 | Side pressure shoe assembly for

film gate .

136 Retaining block for side pres
sure shoe.

Shoe for side pressure shoe. . . .

138 | Spring for side pressure shoe . . .
140 Film movement assembly for

theodolite camera.

141 Flywheel for film movement
assembly .

142 Coupling gear for film move

ment assembly .

143 Cam shaft for film movement - - - - - - -

assembly .

Spacing washer for film move

mentassembly

Cam stud for film movement . . .

assembly .

146 Cam for film movement assem
bly .

147 Cam bearing for film movement
assembly .

148 Arm for film movement assem
bly .

149 Cross-arm for film movement

assembly .

150 | Spring for film movement as
sembly .

Inner and outer . . - - - - - - - - - - - - - - - - -

151 Needles for film movement as
sembly .

152 Cam washer for film movement
assembly .

153 Bearing post for film movement
assembly .

154 Post washer for filin movement
assembly .

Film guide for theodolite camera
156 Motor connection unit for theo

dolite camera.
157 | Jack retainer for motor connec- 1

tion .

143. . . . . . . .

144 - -

145

- - - - - - . . . 146

1 - - -

. .

. . . 151

154. . - - - .

155 Film 155.
156 .. - - -
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Specification or drawing
numberRefer

ence

No.
Nameof part Description

Manusia Manufacturer's SignalCorps

158 - - - - - - -

159 . . .

160 . . ...

162. . . .

163 . . - - -

164 .- - -

165 . . . . .

166 . . . . . .

167. - - - - - -134 ... 167

169 169.

170 . - - - - -

171. . .

172 . . ..
173

174 .
175 .- -

158 Jack for motor connection . . . . . ..

159 Plug retainer for motor connec
tion .

160 Long arm for theodolite carry
bracket .

161 , Short arm for theodolite carry
bracket.

162 Handle for theodolite carry
bracket.

Carrying bracket for theodolite
carnera .

164 ! Connecting plug assembly for
theodolite camera.

165 Terininal for camera switch
block .

166 Pin for camera switch block - - -

Connecting jack for motor

mounting plate .

Positioning key for theodolite
camera .

Camera assembly for type PH
BD -33 theodolite .

171 Counter unit assembly for theo .
dolite .

172 Cover for counter unit assembly
173 | Indicator for counter unit as

sembly.
174 Dialfor counter unit assembly

Site and azimuth pinion gear for

counter unit assembly .

Reflector for counter unit as.
sembly .

Bracket for counter unit

assembly .
Site and azimuth counters for
counter unit assembly .

179 Azimuth sawtooth indicator for
counter unit assembly .

Site and timesawtooth indicator

for counter unit assembly .
Time counter for counter unit . .

assembly .

182 Time counter shaft for counter
unit assembly .

Message register ratchet for
counter unit assembly .

184 Message register shaft for
counter unit assembly .

185 Message register spacing washer
for counter unit assembly .

186 Site and azimuth gear for
counter unit assembly .

187 Site and azimuth gear bushing

for counter unit assembly .

188 Site idler gear for counter unit

assembly.

139 Idler gear bushings for counter

unit assembly .
190 | Azimuth gears for theodolite .

176 .

177 177 .- - -

178
45 .. . ..

179 . . . .

180 . . - - - - - -

181. - - - - - --

182 . . . .

183 183 . . . . .

184. . . . .

1 0
- - - -

187 . ..

- - - - .
I IXX

- - - - - 10V

190 .
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Specification or drawing
numberRefer

ence

No.

Nameof part Description

Manufacturer 's SignalCTT

191 . - - - - - - - -

193 . . - - - -

194 . - - - - -

195 195 .
196 . . - - -

197 - - - - - -

191 | Diffusion ring for theodolite

sight illumination .

193 Thrust ring for theodolite sight.
194 Sunshade for theodolite lens . ..

Sunshade for theodolite sight. . .

196 Oil can for theodolite chest . . .

197 Prism housing for counter opti
cal unit .

198 Housing base for counter optical
unit .

Light mask for counter optical
unit .

Adaptor for sight eyepiece - - -

Oilless bearing

1 198 . . - - - .

199

200 200 . - - --

Ball bearing - - - - - - - -

Ball valve oiler - - - --

Hardened steel washer. . - -

Tachometer . . .

Ball bearing - - - - - - -

- - - do. ..- . . .

do... ... .. .. .

Micro -switch . . - - - R .

716 inch outside diam . x 14 | 45 . . .

inch inside diam . x 1532 inch

long,bearing for take-up shaft .
No. SIRPP -NH , bearing for | NH .- -

take-up shaft .
Catalog No. 520 , Gits Bros. Gits. . . . . . ..
Mfg . Co., Oiler for sprocket
bearings.

316 inch inside diam . x 58 inch 53. . . .
outside diam . x X16 inch

thick , Boston Gear Works,

washer for sprockets.

Stewart-Warner No. 721C , 57.63 .
special, camera speed indi

cator.

No. S5R -NH , bearing for NH
tachometer drive .

No. SiR -NH, rear bearingNH . -- - - -
shutter sbaft.

No. S3R -NH, front bearing | NH . . . - - -
shutter shaft .

Cat. No.WZ- R15 MR, safety M

trip switch .

No.AQ48 VR , 3 wheels, lever | VR . . - - -
on left , film footage indicator

D . P . S . T ., 6 -amp., 250 - v , | H & H . . . . . . .
H & H ,motor switch .

S . P . S . T ., 3-amp., 250 - v , | H & H . . . . . . .

H & H , signal, night,or lamp
switch .

No. P -302 -FHT, HBJ, plug | HBJ. -. -. -. ..
on counter assembly .

No. S -302-FIT, IBJ. con - | HBJ. . . .. . . .
nector to counter assembly .

3 C . P ., 12 - 16 - V , Mazda No. Mazda . . .

68, double contact, telescope

lamp, signallampor fogging

lamp.
15 C . P . , 12 - 16 - v , Mazda No. Mazda . . ..

94 , double contact, counter
illuminating lamp.

No. 216 -14 , G . M . Labs , G . M . Labs., Inc.
double contact.

Double contact bakelite base , Sun Radio . . . . . .
socket-counter illuminating

lamp.

Reset counter

Switch

- - - - do . . - -

Plug. - -- -- - -- -- -- - -

Socket, female . . . . .

Lamp

- - . .do. . -- - - - -

Socket - - - - - - - - -

do . .. -
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Specific
Specification or drawing

numbery Refer

ence

No.
Nameof part Description

Manufacturer's Signal CorpsVangis

SC - D -457 .
191 . .

Socket

Capacitor. . . .
Resistor.. . . . . .

Relay Guar- --

Type S0 - 54 , cable connection .
Catalog No. DA -4100 ,CD .. . CD

Type EPA , 25-ohm , 50-watt, | IRC . .

IRC .

Series 125 contacts A1, DC

12- v , 2 ,000 -ohm , Guar.

Type P52, VR , external site | VR . . .
and azimuth counters .

Mould No.5857, L . H .Gilmer | L . H .Gilmer Co.,
Co. Phila ,

Counters . . .

" V " belt .

. 66 . Theodolite PH - BE - 33. — Replacement parts for this theodo
lite, with the exception of those pertaining to the camera optical

system , are the same as those listed for theodolite PH -BC - 33 in

paragraph 64.

67. Timeinterval device PH – 103. – See figure 28.

SH .

Gits.. .

Specification or

drawing number
Stock

No. Nameofpart Description

-
-

-
-

-

Manufac

turer ' s Signal Corps

-
-

-
-

75- 81.

VH .
Box SC - D -1017- D .

SC - D -4444- B .

SC - D - 4444 .

R ...

1& H . ... -

8A3837 | Time interval device ----- -- .... . . . . .
PH - 103.

White pine, carrying case. . .
Circuit label. . . .

Relays . . . - - - - - Slow -acting, Automatic Elec. Co. | A . E . Co . . .

type R -1793 - A - 1.

Capacitor C 50- v dry electrolytic capacitor 300

uf capacity + 25 % , - 10 % at 20° C .
Capacity at -- 40° C . not less than

50 % of that at 20°. Capacity at

55° C . notmore than 115 % of that
at 20°

Resistor Ricardo Type DG 8-watt with C coating | IRC .. . ..
900 ohms.

Resistor R . . . Potentiometer 2,500 ohms, type No. | GR .. .
214 - A .

Resistor Rz. ... . . na | Type DO 8-watt with C coating | IRC . .
4 ,000 ohms.

Resistor Ric- .. . . . Potentiometer 1,000 ohms. . . . . . .

Continuity test key | Lever type key, continuity test , WECO. ... .
code No. 479 - C5 .

Ground test key . . . . . . . . . . do WECO..

T . I . start key . . . Rotating cam type key, code No. / WECO.. . . .

272 - A , T . I. start.

T . I. short key . . . .. . . Push button type key, code No. WECO. .. .
188 - A , T . I. short.

Meter Model No. 506, panel mounting | Weston . . . . .
0 - 50 ma.

& H...

azda ...

azda --

V . Late . In

Sun Radio...
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68 . Time intervalmultiplier PH - 264 - ( ).

Specification or drawing
number

Name of part Description
Refer

ence
No.

Manufac
turer' s Signal Corps

75- 101.
1 WECO. . . .

WECO .. . . .

S . D .

S . D . ,

3

SC - A - 4717.

1

Time interval multiplier .
Key . . .

- do . . . . . . . .
Relay . . . . . . . . . . . . .

do .

Binding post. . .
Box . . . . . .

Cover . . . . .

Panel. . - - -

Terminal
Spacer

Cable clamp - - - - -
( ord . . .

Circuit label . . . .

Type 464B or 464H , 1 sec. advance . . . .

Type 464H ,manual.

Type SD29S2, line relay
Type ( X2918 , stepping relays. . . . . .

TM -195 , terminals. ..
Mahogany . . . . .

do

Phenolic plate . . . .

Copper

Brass

- - - do
Two-conductor, battery connection . .
Aluminum . .

1

* *- - >SC - D -6715
1

| SC - D -6716
| SC - D -6713

69. Time interval signal BE -65 . - See figures 10 and 3.2 for
identification of parts.

1 Cu . . . . . . . . . . .

Specification
Stock Name of part Description drawing number,
No.

Signal Corin

-- - - - -- -- - -

4H -5005 BE -65 . Time interval signal B E 65 SC - D - 3871 - .
Capacitor . . . . 6 ml, 400 -v , FC -748, PC -753, C - D . . . . .. . SC - D - 3827 - A .
Relay - Model 2C with coil No. 38 , K . E . . . SC - D - 3827- A
Terminal. . . . . . Brass, No. 903, P - M . . . SC - D - 382

SC - D - 353 - C .
a . Box assembly : Box .: . | SAE 1020, 44" , cold rolled steel, 934" x 648" X SC - D - 3820 B

912 " high . SC - D - 3831) - B .
SC - D - 3831- A .

b . Horn assembly. - - - - - - SC - D - 3832- B .
Base . . . . . . . . . . . . . . . Brass casting , dull white nickel finish , 576" SC - D - 3833 - C .

diameter x 1" .
Diaphragm . . . . . Nickel silver,478" diameter x No. 19 B & S gage SC - D -3833-C
Cone assembly . . . . 2 rings and cone of aluminum alloy welded to | SC - D - 3833 -C .

gether to form a horn, 5 ' 2 " diameter x 578"
long (approximately ) .

Cartridge Brass ,dull white nickel finish , 78 " x 38" diam . SC - D - 3833- C .
eter.

Stud . . Brass,dull white nickel finish , 156" x 518" , 32 SC - D - 3833- C .
thread .

Arch Brass, dull white nickel finish , 5 /4 " x 146 " x SC - D - 3833 - C .
38 " x ! $ " thick .

Brass, dull white nickel finish, 118" x 58" , 27 | SC - D - 3833-C .
thread .

Nut. . . . . . . . Brass, dull white nickel finish , 516 " thick hex, SC - D - 3833 - C ,
by 58" , 27 tap .

Washer . . - - - - Brass , dull white nickel finish , 148 " outside di- / SC - D - 3833 - C .
ameter x 4164" inside diameter x 116 " .

Brass, dull white nickel finish , 1352" long x SC - D - 3834 - C .
38" , 27 thread x No. 10, 32 tap .

Washer . - - - - - - - - - - | Brass, dull white nickel finish , 58 "' outside di- | SC - D -3834- C .
ameter x .377 inside diameter x 364" .

Armature . . . . . . . . . . Steel, 16" nickel plate, 176 " x 98" 1 732" . .. .. SC - D - 3834 - C .

Screw .. - - -

Nut
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- ). Stock

No.
Name of part Description

Specification or

drawing number,
Signal Corps

Post . . . . . . . . . . . .

Mers Bumper . . .
Screw . . .

Nut .. .

TECO
Plate .

.. .do. . . ..... .. ..
3D... .

Spring - - - - - - - -

Contact spring . . .
Stop . . .

Screw . . .

Block . . . . .
do. . .

Insulator

Brass , dullwhite nickel finish , 24 " x No. 10 | SC - D - 3834- C .
32 thread .

XX black phenolic rod, 716 '' x 32" diameter. SC - D - 3834- C .

Brass, dull white nickel finish , slotted, 58" x | SC - D - 3834- C .

No. 6 - 40 thread .

Brass, dull white nickel finish , 316 " thick x SC - D - 3834- C .
No. 6 -40 tap .

Brass , dull white nickel finish , 3432" x 34 " x | SC - D - 3834- C .
342" .

Brass, dull white nickel finish , 34 " x 76" x SC - D -3834- C .
116 " .

Beryllium copper, 78" x 34 " x 0.020 ” . . . . . . . . . . . SC - D - 3834 - C .

Beryllium copper, 134 " x 1/ 4" x 0 .030'' . . . . .. . SC - D - 3834 - C .

Beryllium copper , 14/16 " x 34 " X 18 " x 0 .040 " . SC - D -3834- C .

Nickel silver ,3364" x 532'' x No. 6 -32 thread . . .. SC - D -3835- A .

" LE " natural phenolic plate , l"' x 20 '' x 1242" . SC - D -3835 - A .

“ LE” natural phenolic plate , 1" x 14 " x 510 " .. SC - D -3835- A .

XXX natural phenolic plate 2532 " X 1532 '' x SO - D - 3835- A
0 .050 " .

XXX natural phenolic tubing 1364" long x SC- D -3835- A .
PA" outsidediameter x 0 .196 '' inside diameter .

XXX natural phenolic tubing %32 " long x 4 " | SC - D -3835- 5 .
outside diameter x 0 . 196 ' inside diameter.

Palladium , 332'' diam . x 16 " long . . . - - . . . SC - D - 3835- A .

Palladium , 332" diam . x 0 .025 " thick . . . . . SC - D - 3935- A .

Nickel silver No. 14 (0 .064'') B & S gage x 1416" SC - D - 3832 - B .

long.

Bushing . .

.. .. do .. ..... .
figures ila

Contact ... ..... ..
do . . . .

Pin . - - - - -

c . Horn magnet assembly :

Lamination .
Angle . . . . .

Clip . . . . . . .
Sleeve . . - - - -

Steel, 178" x 144 " x No. 29 U . S . standard gage SC - D -3836- C .
Brass , dullwhite nickel finish , 44 " x 4 " x 178 " | SC - D -3836 - C .

long x Y16 " thick .

Nickel silver, 78 " x 1316" x 0.020 " . . . . . . . . . SC - D - 3836- C .

Black “ LE ” phenolic tubing 1 %16" square x SC - D - 3836 - C .
2342 " long x 442" thick .

" LE " phenolic plate, 1316" sq . x 464 " . . . . . . . SC - D - 3836 - C .

" LE " phenolic plate , 1316 " sq . x 442'' . . . . . .. . . SC - D -3836 - ( .1, 94/" 164"

Insulator . . . . .

Head .

d . Panel assembly :
Panel . . .

Spacer. . .

SC - D - 3837 - A .

SC - D -3837 - A .

al finsh. 504
32252 Binding post .

Lamicoid No. 7025, 544" x 1 .4 " x 4 " thick . . .. . .

Brass , dull white nickel finish , 112 '' x 19 " out
side diameter x 1364" inside diameter .

TM - 152, composition , knurled cap and base

TM - 195,brass , lullwhite nickel finish ,knurled

cap .

TM - 36 , eye clip , flat, brass. -- - - - - - -- -
No. 4012 . . . .

SC - D -530 .

SC- D - 1132.- . . . do

10 . 19 B & S

loy welded to *

Dieter 1 55 "
329936 10701B1.

SC - D - 3837 - A .

Terminal . . .

- do . . . . . . . . .

e . Battery tray assembly :

Plate

Battery support . . . . .-158 " 5 942",

Insert
546" 14 "

- - - .do. .

Clamp. ..

Ko" cold formed steni, 958" x 6 " x 24 " . . . . . . SC - D - 3838- B .

Black molded phenolic compound, XM - 3510 SO - D - 3838 - B .

black bakelite , 512" x 114 " x 3 " .

Brass,knurled, 44 " long x 14 " outside diameter S ( - 1) - 3838– B .
No. 6 - 32 tap .

Brass ,knurled, 38 " long x la " outside diameter ! SC - D -3838- B .
x No. 10 -32 tap .

Brass , dullwhitenickel finish , 5532" x 9" x 10 " SC - D -3838- B .
wide x 416 " ,

Brass, dull white nickel finish , 3" x No. 10 – 32 SC - D -3838– B .
thread .

TM - 29 , spade clin , brass (tinned ). . . . . 10701B1.

No. 18 (,0403'') AWG X6" long; green wire code SC - D - 3838- B .
" ravine."

18" thick here

Post . . . .
*" outsi

de
de

329929 . .ris".
1499 " buang I 3*** 32992

9 Terminal. . .

Wire -

$ " outsi
de

di
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INDEX

INDEX

Paragraph

1Aperture, setting - - -

Axle RL - 27 - A . 1

1
Batteries

Belts, adjusting and repairing - -

18

25

Camera , loading

Cleaning - - - - - - - - - -

Commands - - - - - - -

Completion of practice

Component parts- - -
Crew . - - - - - - - - - - - - - -

59

15

1

Developer, Eastman . . .

Developing - - - - - - - -
Developing equipment :

Description . - - -

Functioning -- - - -
List of parts . - - - -
Service and repair

Use . - - - - -

Dimensions.

Dismounting- - - -

Drying rack PH -42:
Description

Functioning - - - - -

List of parts . - - - -

Service and repair

10

56

Use - - - 29

Dump . 23

19

30

Electrical

Circuits, combined . . .
Connections.

Employment - - - - - - - - - - -

Exposed film , processing

Exposure meter :

Description . - -
Functioning - - - -
Service and repair
Use . - - - - - - - -

11

29

a
n

Film

Description - - - -
Magazine, loading - - - -

Processing - - - - - -
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INDEX

Paragraph Page

12

41 52

Film - Continued.
Viewer PH - 97 - A : .

Description . - -

Functioning.

List of parts. - - - -
Service and repair

Use - - - - -

Filters

58 66

Horn .-- - - - - - -

Junction box - - - - -

*
*
*
*
*
*

*
*
*

*
*
*
*
*
*
*

Lamps, replacing - -

Line connector unit EE -87:
Description

Functioning - - -

List of parts .

Service and repair .

List of parts . - - - - - - -

Lubrication .

65

67

- - - - - - - - - - - - - - - - - - - -

Mounting theodolite .

Observer

Operator.

1
5
.

14, 24

13, 25

67

Packing - - - - - - - - -

Parts , list . - - - - - - -

Pier mounts , placing - - -

Processing film . .

13

27

Recorder

- - - - - - - - - - - - - - - - - - -Service and repair - - - -
Shipping -- - - - -
Signal, time interval:

Description . .

Functioning - - -

List of parts .

Service and repair . -

Succeeding courses . .

108

65

34- - - -

!

Tanks. ..

Theodolite :

Crew . - -

Description - -

Functioning:

PH - BC - 33

PH - BD 33.

PH -BE - 33 .

List of parts :

PH - BC - 33 -- - - - -

PH - BD - 33 .

PH - BE - 33. .

40

87

99

107

111
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INDEX

Paragraph

16

49

34

67

Theodolite Continued .
Mounting for use

Service and repair :

PH - BC - 33 - - - -

PH - BD- 33 .

PH - BE - 33. - -

Time interval

Device PH - 103 :

Description - - -

Functioning - - - -

List of parts - - -

Service and repair . .

Multiplier PH - 264 - ( ) :

Description - - - -

Functioning- - - - - -

List of parts - - -

Service and repair . ..

Signal BE -65 :

Description . - - -

Functioning - - - -

List of parts - - -

Service and repair

Tracking target

52

35
- - - - - -

37

69

12

41

Viewer, PH - 97 - A :

Description - - - - -
Functions

List of parts

Service and repair.

Use . . .

S - - - -

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -Weight. - - -

Wire W - 110 - B - - -- - - - -

[ A . G . 062.11 ( 3 - 17 -42 ). j
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DESTRUCTION NOTICE

WHY – To prevent the enemy from using or salvaging this

equipment for his benefit.

WHEN — When ordered by your commander.

HOW - 1 . Smash - Use sledges , axes, handaxes, pickaxes ,

hammers, crowbars, heavy tools, etc.

2. Cut- Use axes, handaxes, machete, etc.

3. Burn - Use gasoline, kerosene, oil, flamethrowers,

incendiary grenades , etc.

4 . Explosives — Use fire arms, grenades, TNT, etc.

5 . Disposal— Bury in slit trenches, foxholes, other

holes. Throw in streams. Scatter.

USE ANYTHING IMMEDIATELY AVAILABLE

FOR DESTRUCTION OF THIS EQUIPMENT.

WHAT - 1. Smash – Tubes, amplifier, loudspeaker, microphone,

batteries and case.

2. Cut - Cords and shoulder harness .

3 . Bend and/or Break — Tripod .

4 . Burn - Instruction books, shoulder harness and

wire.

5 . Bury or scatter - Any or all of the above pieces

after breaking .

DESTROY EVERYTHING

SAFETY NOTICE

Plate potentialof 135 volts is available in Public Address

Equipment PA-4 -C . Be careful, when installing “ B ”

batteries, or adjusting or repairing this equipment, to

avoid shocks which are always unpleasant and can be

dangerous.



Section I

Description

1. GENERAL Public Address Equipment PA -4 -C is a light-weight,

portable public address system , to be used for the purpose of speech

amplification in limited areas for mobile or stationary use. It has

an undistorted output of two watts.

2 . COMPONENTS

a . The components that make up Public Address Equipment

PA-4 -C are :

Dimensions Weight

Item Quantity Article in inches in lbs.

*11 Amplifier BC-641-C 878x814x3316 7 . 0

Overall dimensions

* 2 12 Battery BA -30 ;

4 installed ; 8 spare

* 3 4 Battery BA -51 for Am

plifier BC -611- C ; 2 in .

stalled , 2 spare

* 4 2 Sets Tubes, vacuum ; com .

plete, for Amplifier

BC-641- C

1 Set (consisting of 1 - -

1H4G and 1 - 1J6G )

installed ; 1 Set spare

Case CS-91.0 193x1024x894 11.0
TechnicalManual for

Public AddressEquip

ment PA - 4 - C

Loudspeaker LS -6 - C . 11 /2 long; 1075 bell 6 .0

Microphone T -36 - C

Shoulder Harness ST- 39

Tripod M -230-C 15 long (extended 535) 1.75

* NOTE: Items 1, 2 , 3 , 4, 7 and 9 assembled , form

a portable public address equipment.

Items 1, 2, 3 , 4 , 7 , 8 and 10 assembled , form a

public address equipment for classroom or

assembly room use, using Tripod M -230 -C for

Loudspeaker LS-6 - C and Microphone T - 36 -C .

Either one or both microphones may be operated

at the same time.

18 and 10 for clat:230-CFC.
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TM 11-435 Par. 2Description

b . Amplifier BC -641-C .

(1 ) Amplifier BC -641- C is a two tube amplifier employing a type

TH4G tube as, a preamplifier for the microphone and also to drive

the type 1J6G tube which is used as a push -pull, class B power-output

stage. It uses a filament supply of 2 to 3 volts and a plate supply

of 100 to 135 volts. Output impedance is approximately 3 .5 ohms,

and the input impedance is approximately 250 ohms for carbon

microphone operation.

( 2 ) The amplifier is set at fixed minimum gain , which is sufficiently

low to prevent microphone feedback by means of a 2 ,500 ohm re

sistor (27) across terminals 8 and 5 of the first stage (see fig. 8 ) .

Adjust the volume control on the outside of the case to increase

amplifier gain .

( 3 ) No capacitors are used in this circuit. The microphone coupling

resistor and the volume control are the only resistors used.

( 4 ) The amplifier employs one tube type 1H4G and one tube type

1J6G .

(5 ) The volume control can be turned to full volume when using

Microphone T- 36 - C with the amplifier and speaker as shown in

(figs. 4 and 5 .)

c. Loudspeaker LS-6 -C .

Loudspeaker LS-6 -C is a combination unit consisting of exponential

reflex baffle, permanent magnet dynamic loudspeaker unit, carbon

type microphone unit, pistol handle with trigger switch and neces

sary cable with connector attached . The dynamic loudspeaker unit

is of the permanent-magnet moving coil type. The microphone is a

waterproof, carbon granule type of special construction . Loudspeaker

LS-6 -C is operated by pressing the trigger switch (55) and speaking

into the microphone (61) . The switch (55 ) is non -locking and the

system is inoperative when the switch trigger is released ( fig. 3 ) .

A six -foot 4 -conductor cord with connector (58 ) is attached to the

handle of Loudspeaker LS-6 -C for connecting this unit to Amplifier

BC -641.C .
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Figure 2 . Public Address Equipment PA-4 - C , assembled with
Tripod M -230 and Microphone T - 36 -C
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d . Microphone T -36 -C .

Microphone T - 36 - C consists of a carbon type microphone unit (same

as used in Loudspeaker LS-6 -C ) assembled in a hand housing fitted

with a thumb operated switch ( 86 ) (figs. 2 and 4 ). The operation

of Microphone T -36 -C is accomplished by moving the switch arm

to either the left or the right with the thumb. The system is non

operative when this switch is released . A 24-foot 3 -conductor cord

with connector (89 ) is attached to the handle of Microphone T- 36 - C

for connecting this unit to Amplifier BC -641- C .

e. Shoulder Harness ST-39.

Shoulder Harness ST-39 is made of web and duck and can be adjust.

ed to fit the wearer.

The harness is used as shown in Figures 3 and 5 with Amplifier

BC-641-C slung on the back of the user and Loudspeaker LS-6 - C

slung for easy carrying.

f. Tripod M - 230 -C .

Tripod M -230 -C is of the telescope type and can be used at a height

of fifteen and 7 : inches or extended to fifty -three inches.

This tripod is used as a mounting for Loudspeaker LS-6 -C by screw

ing the tripod into the drilled and tapped hole at the bottom of the

handle on Loudspeaker LS-6 -C (figs. 2 and 4 ).

Section II

Installation and Operation

3 . PREPARATION FOR USE

a . Amplifier BC -641-C is shipped with tubes but less “ B ” bat.

teries and “ A ” batteries. The “ A ” battery component consists of four

Batteries BA- 30 (flashlight cells ). The “ B ” battery component con.

sists of two Batteries BA-51. Tubes are installed in Amplifier

BC-641-C when issued ; “ A ” and “ B ” batteries are issued separately.

b . To install Batteries:

( 1 ) Remove the cover from Amplifier BC-641-C by unscrewing the

two knurled thumb screws, (it is not necessary to remove the knurled

thumb screws entirely ). (See fig . 2 .)

( 2 ) Insert four Batteries BA-30 in the “ A ” battery compartment as

shown in figure 6 .
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Figure 3. Public Address Equipment PA-4-C , in use
as portable equipment
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( 3 ) Install two Batteries BA-51 using the connectors (see fig. 6 ).

These connectors are of the polarized type and installation cannot

be made incorrectly.

(4 ) Place the two Batteries BA-51 with connectors attached, on

top of the “ A ” battery compartment.

(5 ) Place the cover over the amplifier case using the knurled thumb

screws to fasten it securely.

(6 ) Attach connector on the end of the cable of Loudspeaker

LS-6 -C to the socket on the case of Amplifier BC -641- C ( fig. 2 )

fastening the plug securely with the locking nut on connector.

( 7 ) Shoulder Harness ST-39 is worn as in figures 3 and 5 , and is

used to carry Amplifier BC -641-C and Loudspeaker LS-6 - C .

4 . OPERATION

a . Operation is instantaneous. Press the trigger switch (55 )

( see fig. 2) on the handle of Loudspeaker LS-6 -C , and speak into the

microphone (61) mounted on the back of Loudspeaker LS-6 -C .

Best results will be obtained by speaking close to the microphone.

b . To operate Microphone T - 36 -C attach the connector (see fig .

2 ) of Microphone T -36 -C to the socket on the case of Amplifier

BC -641-C . Operation of Microphone T - 36 -C is instantaneous upon

throwing the thumb switch . Both microphones can be used at the

same time, or either of them can be used alone.

c. For stationary use , Tripod M -230 -C can be attached to Loud .

speaker LS-6 -C by screwing the tripod into the threaded hole at

the bottom of the handle of Loudspeaker LS-6 - C . Extend the tele .

scopic leg sections to elevate the loudspeaker. It is generally better

to use Microphone T- 36 -C when the loudspeaker is on tripod.

Section III

Functioning of Parts

5 . GENERAL

a . Sound waves created by the voice of the operator strike the

diaphragm of Microphone T -36 -C (87) or the microphone (61)

located on Loudspeaker LS-6 -C ( fig . 8 ) . The vibration of the dia.

phragm actuates the carbon granules in the button causing its

resistance to fluctuate. A fixed voltage of approximately 3 volts d .c

is impressed upon this carbon button through the primary of the

input transformer ( 24 ) . The vibrations from the voice thus create
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Figure 4 . Public Address Equipment PA -4 -C , showing

Microphone 7-36 -C in use (uuditorium )
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a fluctuating direct current in the primary of the input trans

former (24 ) . The primary has an impedance of 100 ohms and is

correctly designed to match the input impedance.

b . The fluctuating current induces a stepped up a-c voltage in

the secondary of the input transformer. The secondary impedance of

this transformer is 58,500 ohms and is designed to match the

grid impedance of the 1H4G tube. The signal voltage generated is

then impressed on the grid ( 5 ) of the 1H4G tube.

c. The amount of signal voltage impressed on the grid of this

tube is governed by the 2,500 ohms fixed resistor (27) and the

25,000 -ohm volume control resistor (36 ) . Rotating this control in

a clockwise direction (to the right) increases the power. Rotating

the control in a counter-clockwise direction ( to the left ) decreases

the output.

d . The signal voltage impressed on the grid (5 ) of the 1H4G

tube is amplified through the tube and this amplified signal voltage

is impressed on the primary of the driver transformer (25 ) . The

primary impedance of this transformer is 2,000 ohms and matches

the plate impedance of the 1H4G tube.

e. This voltage is transferred by induction to the push -pull

secondary of the driver transformer ( 25 ) . The secondary impedance

is 1,750 ohms each side of center tap to correctly match the grid

impedance of the 1J6G tube. This voltage is impressed on the two

grids (4 -5) of the 1J6G (double triode type ) tube. The voltage

is again amplified in this tube (3 -6 ) and transferred to the push

pull primary of the output transformer (26 ) . The impedance of

this primary is 10,000 ohms, plate to plate, to match the plate

impedance of the two sections of the tube.

f. This primary voltage is induced into the secondary of the

transformer and then impressed (through connectors 32 and 58 )

across the voice coil of the permanent magnet speaker mounted in

Loudspeaker LS-6 -C . The output impedance of output transformer

( 26 ) is 31/2 ohms to correctly match the impedance of the voice coil.

g. The two Batteries BA-51 (671/2 volts ) connected in series

(135 volts ) provide the plate voltage for the proper operation of

the amplifier. The four Batteries BA - 30 (112 volt flashlight cell)

connected in series- parallel ( 3 volts ) provide the proper filament
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Figure 5 . Public Address Equipment PA-4- C , showing

Microphone T -36-C in use (field )
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11-435 Maintenance

voltage for the 1H4G tube and the 1J6G tube and the current- to

actuate the carbon microphones. The negative side of both battery

supplies is wired through connectors (32 and 58 ) to trigger switch

(55 ) located on handle of Loudspeaker LS-6 -C and through connec

tors (31 and 89 ) to thumb switch (86 ) mounted on Microphone

T - 36 - C . Depressing either or both of these two switches completes

the negative circuit thereby placing the amplifier in operation .

Section IV

Maintenance

6 . GENERAL

a . Test the equipment after each use, by checking both micro

phones with the loudspeaker connected to Amplifier BC-641-C .

b . Disassemble the equipment and replace it in Case CS-91-C .

C. Batteries should be removed when the equipment will not

be used for five days or more.

7. TO REMOVE THE AMPLIFIER CHASSIS

. a . Remove the cover.

b . Unfasten “ B ” battery terminals and remove batteries.

c . Unscrew the four corner screws of the internal dividing plate.

The complete chassis with “ A ” battery compartment can then be

removed as a complete unit (fig . 6 ) .

8 . TESTS

If equipment does not operate satisfactorily , make the following tests

and replace defective parts.

a . Test the “ A ” Batteries with Microphone T- 36 -C and Loud.

speaker LS-6 -C connected and the switch (55 ) closed . The terminal

voltage reading should be 1.8 volts minimum (3 volts normal).

b . Test the “ B ” Batteries with the microphone and loudspeaker

connected , with switches closed. The terminal voltage reading should

be 100 volts minimum (135 volts normal) .
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TM 11-435 Par. 8Maintenance

c. Check thetubes in accordance with the instructions accompany.

ing Test Set 1-56 - ( ) to determine the tube efficiency. Replace

poor tubes.

d . To test Amplifier BC-641- C , put a resistance of 30 ohms across

the input and a l-watt 4-ohm resistor across the output. Apply 1,000

c. p .s. at 0 .18 volts across the input and measure the output across

the 4 -ohm load. The output should be at least 1.0 volts with the

volume control turned all the way to the right (clockwise) .

e. Test the voice coil of Loudspeaker LS-6 - C for an open circuit.

f. Test the switch (55 ) and connections of Loudspeaker LS-6 -C .

g. Test the terminals of the connector (58).

h . Test the terminal of the microphone (61) and check the

resistance of the buttons (250 ohms normal) .

i. Test Microphone T -36 -C (see f, g and h above) .

j. Test all cables for open, or short circuits.
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