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Changes No. 1

HEADQUARTERS,

DEPARTMENT OF THE ARMY

Washington 25, D.C., k May 1959

TM 11-2050, 1 November 1954, is changed as indicated so that the

manual also applies to the following equipment:

Nomenclature Order So. Serial So.

Ohmmeter ZM-21A/U 39162-PP-58 1 through 14*

Page S, chapter 1. Add the following note below the title of chap

ter 1:

Note. Ohmmeter ZM-21A/U, procured on Order No. 39162-PP-58, is similar

to Ohmmeter ZM-21A/D covered in the manual. Information in this manual

applies to both sets unless otherwise specified.

Page 2, paragraph 2b. Delete subparagraph b and substitute :

b. Fill out and forward DA Form 468, Unsatisfactory Equipment

Report, to the Commanding Officer, U.S. Army Signal Equipment

Support Agency, Fort Monmouth, N.J., as prescribed in AR 700-38.

Page 4, paragraph 66, chart. Make the following changes:

"Length" column. After the last item, add: (120 on Order No.

39162-PP-58).

"Weight" column. After the last item, add: (.8 on Order No.

8S>162-PP-58).

Page 6, paragraph 7«(7). Add subparagraphs (8), (9), and (10) :

(8) The test leads supplied with Ohmmeter ZM-21A/U procured

on Order No. 39162-PP-58 are the same as those supplied

with Test Set I-JS-B (fig. 3).

(9) Ohmmeter ZM-21A/U, procured on Order No. 39162-PP-58,

has antifriction bearings (not shown) on the ends of the gen

erator shaft (tig. 17).

(10) The clutch driven hub on Ohmmeter ZM-21A/U, procured

on Order No. 39162-PP-58, is held to the generator shaft with

two socket-head set screws ( not shown ) .

Page 46, paragraph 63. Make the following changes:

Add the following after subparagraph e:

e.l. On Ohmmeter ZM-21A/U, procured on Order No. 39162-PP-

58, loosen the set screws that retain the clutch driven hub (fig. 17)

and remove the. hub.

Add the following after subparagraph/:

/./. On Ohmmeter ZM-21A, procured on Order No. 39162-PP-58,

install the clutch driven hub on the generator shaft by pushing the

hub onto the shaft and tightening the set screws. '

[AG 413.44 (28 Apr 68) ]
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CHAPTER 1

INTRODUCTION

Section I. GENERAL

1. Scope

This technical manual contains a physical description of Test Set

I-48-B and Ohmmeter ZM-21A/U, operating instructions, organiza

tional maintenance information, the theory of operation, repair of

the equipment, instructions for removing the equipment from service

and repacking for shipment or limited storage, and instructions for

demolishing the equipment to prevent enemy use. These instructions

- apply only to Test Set I-48-B and Ohmmeter ZM-21A/U.

2. Forms and Records

The following forms will be used for reporting unsatisfactory con

ditions of Army equipment :

a. DD Form 6 (Report of Damaged or Improper Shipment) will

be filled out and forwarded. as prescribed in SR 745-45-5 (Army),

Navy Shipping Guide, Article 1850-4, and AFR 71-4 (Air Force).

6. DA Form 468 (Unsatisfactory Equipment Report) will be filled

out and forwarded to the Office of the Chief Signal Officer as pre

scribed in SR 700-45-5.

c. DD Form 535 (Unsatisfactory Report) will be filled out and

forwarded as prescribed in SR 700-45-5 and TO 00-35D-54.

d. Use other forms and records as authorized.

Section II. DESCRIPTION AND DATA

3. Description

Test Set I-48-B and Ohmmeter ZM-21A/U (fig. 1) are self-

contained, portable, constant-voltage insulation resistance measuring

sets. Each instrument consists of a high-range ohmmeter of special

design, mounted in a molded plastic case with a hand-operated direct-

current (dc) generator. By removing the end shield, located at one

end of the case (fig. 1), the ohmmeter chassis can be removed for

inspection and replacement of generator and meter parts. Three

binding posts for external connections are located on the end of the

case opposite the end shield. The meter scale, located at the top of the

case, is protected by a cover hinged to pillow blocks. A condensed

summary of operating instructions is mounted on the back of the

meter window cover. <

* TAOO 1877B



 

Figure 1. Test set I-4&-B or ohmmeter ZM-21A/U.

4. Application

a. Test Set I-48-B or Ohmmeter ZM-21A/U is used to determine

the condition of the insulation of the following : telephone cables and

wire lines ; between conductors of cables ; between windings and wind

ings to ground of transformers; between windings and windings to

frame of rotating equipment (e. g. motors) ; all other types of elec

trical equipment of which insulation resistance is an important factor.

In addition, the ohmmeter may be used to locate low insulation resist

ance in cable.

b. The ohmmeter, which applies a high potential to equipment

under test, often will show up low insulation resistance which might

read satisfactorily when tested with a conventional ohmmeter which

applies a 3- to 6-volt potential.
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o. The regular use of Test Set I-48-B or Ohmmeter ZM-21A/U

can minimize failure in .circuits or equipment caused by faulty insula

tion. A sudden lowering of insulation resistance indicates a fault

that should be investigated immediately.

Caution: Do not use Test Set I-48-B or Ohmmeter ZM-21A/U on

equipment having a voltage rating lower than 500 volts. The poten

tial supplied maybe destructive to the equipment under test.

5. Technical Characteristics

Resistance range. 0 through 1,000 megohms.*

Test potential 500 volts dc ±5 percent. (When measuring

values below 2 megohms, the voltage drops

materially (fig. 22).)

Accuracy ±1 percent of any cardinal calibration point.

6. Table of Equipment

a. Test Set I-48-B (Serial Numbers Lower than 5527). The fol

lowing table gives the unpacked weights and dimensions of Test Set

I-48-B (serial numbers lower than 5527) (fig. 2) and of the acces

sories furnished with this equipment:

Quan
Item

Dimensions (in.)

Weight

(lb)

Volume

tity

Length Width Heigh:

(cutt)

1 Test Set I-48-B 7M

9%

120

6 7% 10.7

4

.6

.2

1 Carrying case 6W 8H .3

2 Test leads

b. Test Set I-48-B (Serial Numbers 5527 and Higher) and

Ohmmeter ZM-21A/U. The following table gives the unpacked

weights and dimensions of Test Set I-48-B (serial numbers 5527

and higher) (fig. 3) and Ohmmeter ZM-21A/U and of the acces

sories furnished with this equipment :

Quan
Item

Dimensions (In.)

Weight Volume

tity

Length Width Height

(curt)

1

1

Test Set I-48-B or Ohmmeter 7% 6 7Yk 10.7 .2

.42

ZM-21A/U.

Carrying case 10K

120

72

7% 5.3

.8

.3

3 Test leads (I-48-B)

3 Test leads (ZM-21A/U)

• Insulation resistance above 1,000 megohms is Indicated by a point on the

meter scale marked INFINITY.
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Figure 2. Test set I-48-B (serial numbers lower than 5527),

carrying case, and test leads.

7. Differences in Equipment

a. Ohmmeter ZM-21A/U differs from Test Set L48-B in the fol

lowing respects :

(1) The positions of the GUAED and LINE binding posts

have been reversed on Ohmmeter ZM-21A/U. The location

of these binding posts on Test Set I-48-B is shown in fig

ure 1.

(2) On Ohmmeter ZM-21A/U, spring-type connectors (fig. 6)

are used, instead of wires, to make internal connection to

the binding posts.

(3) The drive spring and ratchet in the generator drive assembly

of Test Set I-48-B (fig. 16) have been replaced in Ohmmeter

ZM-21A/U by a solid shaft with a loose pin (fig. 17). This

shaft wedges between the shaft and the sleeve when the gen

erator crank is turned in a clockwise direction.

(4) In Ohmmeter ZM-21A/U, the wire gage used in the potential

coil of the meter has been changed, and the number of turns

has been decreased from 1,000 to 250. Also, the combined
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Figure 3. Test set I-48-B {serial numbers 5527 and higher),

carrying case, and test leads.

value of resistors R2 in the resistance network has been

changed from 2 megohms in Test Set I-48-B to 500,000 ohms

in Ohmmeter ZM-21A/U.

(5) The shield in Ohmmeter ZM-21A/U consists of a plate and

a brass tube instead of the open shielded wire use in Test

Set I-48-B.

(6) The construction of the resistor mounting bracket has been

changed (figs. 4 and 6).

(7) The test leads supplied with Ohmmeter ZM-21A/U are

Cords CD-478, each 6 feet long, instead of the 10-foot long

rubber-covered test leads supplied with Test Set I-48-B.

b. Earlier models of Test Set I^8-B differ from later models bear

ing the same nomenclature in the following respects :

(1) In Test Set I-48-B with serial numbers 5527 and higher, the

opening in the end shield, through which the generator crank

is attached to the generator drive assembly, is equipped with
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Figure 4. Test set I-48-B with end shield and chassis removed from case.

a pair of seals to prevent moisture from entering the instru

ment case.

(2) Test Sets I-48-B with serial numbers lower than 5527 (and

approximately 340 units with serial numbers between 5527

and 6996) are supplied with plywood carrying cases in an

olive-drab finish (fig. 2). Later models of Test Set I-48-B

are supplied with waterproof aluminum carrying cases in a

smooth gray enamel finish (fig. 3) . Each case has a separate

compartment for storing the test leads. The main com

partment is lined with sponge rubber.

(3) The Test Sets I^48-B in the plywood carrying cases ((2)

above) are provided with two flexible, insulated test leads.

One test lead is equipped with a red battery clip cover on one

end and red insulating sleeving above the spade-type terminal

on the other end ; the other test lead is equipped with a black

battery clip cover and black insulating sleeving. Later models

of Test Set I-48-B are supplied with three test leads one

with a red battery clip cover and red insulating sleeving,

and two with black battery clip covers and black insulating

sleeving.
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TM 2050-1)

Figure 5. Ohmmeter side of chassis of tests set I-48-B.

8. Packaging Data

Test Set I-48-B and Ohmmeter ZM-21A/U may be packaged for

either domestic or oversea shipment, as described in a and b below.

Packaging details are shown in figure 7.

a. Domestic Shipment. Test Set I-48-B (serial numbers 5527 and

higher) and Ohmmeter ZM-21A/U are placed in their carrying cases

with the test leads provided with each unit packed in their own com

partment. The webbed carrying strap is removed from the carrying

case and placed in the compartment holding the test leads. Test Set

I-48-B (serial numbers lower than 5527) and its accessories are

cushioned and secured in the carrying case. For all units, the cover

of the carrying case is latched, and the unit is cushioned with fiber-

board pads and cells and placed in a close-fitting corrugated fiber-

board box. The technical manuals are placed under the lid of the

box, and the box is sealed with gummed tape. The dimensions, weight,

8 TAQO 1577B



 RESISTOR MOUNTING BRACKET

Tt>20aO-«.j

Figure 6. End shield and chassis assembly of ohmmeter ZM-2lA/V.

and volume in cubic feet of the equipment packaged for domestic

shipment are as follows :

Name of equipment

Dimensions (in.)
Weight
Ob)

Volume
(curt)

Length Width Height

T«st Set I-48-B (serial numbers lower than

5527) 12tf 9 11 16 .7

Test Set I-48-B (serial numbers 5527 and

higher) and Ohmmeter ZM-21A/U 13tf UK 13 21 1.2

6. Oversea Shipment. For oversea shipment, the test sets are pre

pared for packaging in the same manner as for domestic shipment.

Each unit is cushioned with fiberboard pads and cells and placed in a

corrugated fiberboard box. Desiccant is placed in the cushioning

cells, and the box is sealed. The boxed unit then is placed in a water-

vaporproof bag that is heat-sealed, and this package is fitted into a

waterproof carton. The technical manuals are placed under the lid,

and the carton is sealed with waterproof tape. One or several pack

aged test sets may be placed in a wooden shipping container for over

sea shipment. The wooden container is reinforced with flat metal

straps. The following table gives the dimensions, weight, and vol

TAOO 1577B 9
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ume in cubic feet of a single item of test equipment packaged for

oversea shipment :

Name of equipment

Dimensions I in.)
Weight

(lb)

Volume
(cu ft)

Length Width Height

Test Set I-48-B (serial numbers lower than

5527) ' UK lOTi 127/8 23 1. 13

Test Set I-48-B (serial numbers 5527 and

higher) and Ohmmeter ZM-21A/U 17 12 13 y, 32 1. 6
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CHAPTER 2

OPERATION

Section I. SERVICE UPON RECEIPT OF MATERIEL

9. Uncrating, Unpacking, and Checking New Equipment

a. General. Test Set I-48-B and Ohmmeter ZM-21A/U may be

packaged for either oversea or domestic shipment (par. 8). When

new equipment is received, unpack it in a location where it will not

be exposed to dust, dirt, or excessive moisture. Be careful when un

crating and unpacking the equipment. Avoid thrusting tools into

the wooden box or fiberboard cartons. When unpacking, do not

damage packaging materials any more than necessary. These mate

rials may be used when repacking the equipment for storage or for

shipment to base maintenance repair shops. If the equipment is

packed for oversea shipment, store the packaging materials carefully

in the wooden shipping container. Be careful when handling the

equipment as it may be damaged easily when it is not protected by the

shipping container.

b. Step-by-Step Instructions for Unpacking Equipment Packed for

Domestic Shipment.

(1) Cut the seals of the corrugated fiberboard box.

(2) Remove the equipment from the box.

(3) Check the equipment against the shipping documents.

(4) Inspect the equipment thoroughly for possible damage.

(5) Place the cushioning material in the shipping container for

use in repacking the equipment

c. Step-by-Step Instructions for Uncrating and Unpacking Equip

ment Packed for Oversea Shipment.

(1) Cut the metal straps with a suitable cutting tool, or twist

them with pliers until the straps break. Remove the straps.

(2) Remove the nails from the top of the wooden box with a nail

puller. Remove the top. Do not attempt to pry off the

sides and top. The equipment might be damaged.

(3) Remove the packaged equipment from the shipping con

tainer, and carefully cut the adhesive tape sealing the water

proof carton. Be careful not to damage the carton.

(4) Cut the barrier material along the top as close to the heat-

sealed seam as possible so that the barrier may be resealed

when required. Carefully remove the packaged equipment

and the barrier from the carton. (
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(5) Cut the seals of the inner corrugated fiberboard box. Re

move the paperboard cells that cushion the test set, and lift

the test set in its carrying case from the box.

(6) Loosen the fastenings of the carrying case cover, and open

the cover. Remove the desiccant, and lift the test set from

the carrying case.

(7) Place all the packaging material in the original shipping

container for use in repacking the test set.

(8) Check the equipment against the shipping documents.

(9) Inspect the equipment thoroughly for possible damage.

1 0. Installation of Equipment

Test Set I-48-B and Ohmmeter ZM-21A/U are portable, self-

contained instruments designed to be used near the equipment, the

wire, or the cable line to be tested. Place the equipment on a firm,

level surface with the indicator scale plate in a horizontal plane. Do

not place it in a strong, external magnetic field similar to that pro

duced by some types of electrical equipment. Before operating the

ohmmeter, ground it through the equipment under test by connect

ing the GROUND terminal on the side of the case to the equipment

in accordance with instructions for the type of equipment under test.

When the ohmmeter is removed from the carrying case, the hand

generator crank is folded against the side of the case with the handle

extending over the top of the case (fig. 3) J Unfold the crank to bring

it into its operating position.

1 1 . Service Upon Receipt of Used or Reconditioned Equipment

a. Follow the instructions given in paragraph 9 for uncrating, un

packing, and checking the equipment.

b. Check the used or reconditioned ohmmeter against a new equip

ment, if available. Make sure the wiring has not been changed and

that no parts have been damaged. Operate the ohmmeter according

to the procedures given in the equipment performance test (par. 45)

to make sure that it is operating properly.

Section II. OPERATION UNDER USUAL CONDITIONS

12. General

Make all measurements with the hand generator crank rotated

clockwise fast enough (at apr 160 revolutions per minute (rpm)) to

cause the centrifugal clutch to slip. When the clutch slips, maximum

steady voltage is being delivered. The position of the pointer on the

scale indicates insulation resistance values in megohms. Be careful

to read the scale directly above the pointer and the scale; otherwise,

readings may be in error because of parallax. The tests described in
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paragraphs 16 through 26 are general and cover equipment of all

types and designs. Before testing the insulation of any equipment,

refer to the technical manual covering the specific equipment under

test for definite insulation resistance values and voltage ratings.

1 3. Preoperational Check

B-fore connecting Test Set I-48-B or Ohmmeter ZM-21A/U to

the equipment to be tested, make the following checks to determine

whether the ohmmeter is operating properly:

a. Full Scale Check. With no connection to the ohmmeter ter

minals, crank the hand generator at operating speed. The pointer

will indicate INFINITY if the test set is in good operating condition.

b. Zero Check. Short the LINE and GROUND terminals by con

necting them and turn the hand generator crank at operating speed.

The pointer will indicate ZERO if the ohmmeter is in good operating

condition.

14. Guard Connection

a. To obtain a true resistance value of the insulation under test,

both the insulation and the measuring instrument must be protected

against surface leakage to eliminate possible errors. Both Test Set

I-48-B and Ohmmeter ,ZM-21A/U have an internal protective or

guard system for this purpose. The guard system is connected to

the GUARD terminal so that protection against surface leakage can

be extended to the insulation under test. For example, figure 11

shows a porcelain insulator bushing under test with the guard con

nection of the ohmmeter in use. Any leakage current between the

base of the insulator and its terminal will be carried back to the test

set through the GUARD terminal, and the internal guard circuit of

the test set will prevent this leakage from entering the measuring

circuit.

b. When using guarded connections, readings are of the insulation

resistance only and do not take into account the parallel shunting

resistance of surface conditions. A measurement taken with a

GUARD connection and compared to a measurement of the same

equipment taken without a GUARD connection will establish whether

low insulation resistance readings are caused by poor insulation or

bad surface conditions. If readings taken with guarded connections

are higher than those without guarded connections, the surface of the

equipment has a low resistance.

1 5. Insulation Resistance

a. Unit of Measurement. Insulation resistance is that property of

an insulating material which opposes the passage of electrical current.

It is expressed in ohms or megohms. Insulation resistance increases
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as the thickness of the insulating material increases but decreases as

the area of material under test increases. For example, if an insulat

ing material covering a given surface and having a resistance of 100

megohms is extended to 10 times its area, the insulation resistance

will drop to 10 megohms. Thus, one mile of spiral-four cable may

measure 1,000 megohms but 10 miles will measure 100 megohms. If

the insulating material is doubled in thickness, however, the area

having an insulation resistance of 100 megohms now will have a re

sistance of 200 megohms, and the area having an insulation resistance

of 10 megohms will have a resistance of 20 megohms.

b. Conditions Affecting Insulation Resistance.

(1) Temperature. The temperature coefficient of the resistance

of an insulating material is negative and numerically large.

Therefore, even a small increase in temperature will cause a

relatively large decrease in insulation resistance. Always

make measurements at the same temperature, if possible, be

cause insulation resistance drops at high temperatures. For

example, the insulation resistance between the stator winding

of a slow-speed generator and the frame is 100 megohms at

80° F., but falls to 10 megohms at 140° F.

(2) Moisture and humidity. Chemically pure water is a noncon

ductor. However, the impurities that water absorbs from

the atmosphere and the surfaces of equipment with which

it comes in contact cause it to be partially conductive. There

fore, moisture will become a conductor in parallel with the

insulation and cause a decided drop in insulation resistance.

In general, an insulation resistance drop caused by moisture

is a temporary condition and can be remedied by drying out

the equipment.

(3) Chemical fumes. Strong acid or alkali fumes, unlike water

vapor, attack insulation and permanently lower its insulation

resistance.

(4) Surface conditions. Dirt, especially when mixed with oil

or with copper or carbon dust, forms a low-resistance path

across the insulation, thus lowering its insulation resistance.

c. Expected Values of Insulation Resistance. As discussed in b

above, insulation resistance is affected by varying conditions. There

fore, no hard and fast rules can be set up to govern its value. Certain

minimum values have been established for different types of equipment

(par. 27). Actual values of insulation resistance, however, are not

as important as changes in insulation resistance since an insulation

resistance test is merely an indication of the condition of the insulation.

For example, when insulation resistance readings on a cable have been

100 megohms for some time and then start to drop, the insulation of

the cable is breaking down at some point. One bad section in a long
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spiral-four cable line will lower the reading to that of the bad section

for the entire line; replacing the damaged section will Laise the insula

tion resistance for the entire line.

16. Insulation Test of A. C. and D. C. Rotating Machines Rated

at 600 Volts or Less

a. Connect a test lead from the LINE terminal of the ohmmeter to

a lead, an exposed conductor, or the commutator of the machine

(fig. 8).

b. Connect another test lead from the GROUND terminal to the

shaft or frame of the equipment under test. Be sure that the surface

to which the connection is made is free of paint or any other substance

that is a nonconductor.

c. Turn the hand generator crank at operating speed. If the ma

chine is cold, the readings should be between 1 and 10 megohms. If

the machine is warm, the reading will be lower. Also, a large ma

chine will have a lower insulation resistance reading than a small

machine.

d. If all circuits in the machine are not interconnected, as in sep

arately excited generators, measure each circuit or group of circuits

individually.

 

GROUND LEAD

^note:

ON OHMMETER ZM-2lA/U, CONNECT

THE LlNE LEAD TO THE LEFT-HAND

TERMlNAL.

Figure 8.

TM 2050-13

Connections for testing a. c. or d. c. rotating machines.

17. Insulation Test of A. C. and D. C. Rotating Machines Rated

over 600 Volts

a. Connect the equipment and test as directed for machines rated

at 600 volts or less (par. 16a and b).

b. Turn the hand generator crank at operating speed. If the ma

chine is cold, readings should range between 10 and 100 megohms.

Readings will be lower if the equipment is warm.
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c. D. c. fields on alternating-current (a. c.) machines should read

between 1 and 10 megohms.

1 8. Insulation Test of Transformers

a. Connect a test lead from the GROUND terminal of the ohmmeter

to the core or case of the transformer (fig. 9).

b. Measure the high- and low-voltage windings separately. Con

nect a test lead from the LINE terminal of the ohmmeter, first to the

low-voltage winding and then to the high-voltage winding.

c. Measure between windings by connecting one test lead between

the GROUND terminal of the ohmmeter and one winding of the

transformer, and connect another test lead between the LINE termi

nal of the ohmmeter and the other winding.

d. Turn the hand generator crank at operating speed. Readings

for all measurements should be 100 megohms or more on air trans

formers. Readings on oil-filled transformers will be considerably

lower. Extremely low readings on oil-filled transformers indicate

the presence of moisture in the oil and indicate that the oil should be

changed.

 

Figure 9. Connections for testing transformers.

TAQO 1877B 17



19. Insulation Test of Capacitors

a. Connect a test lead from the GROUND terminal of the ohmmeter

to the case of the capacitor (fig. 10) .

b. Connect another test lead from the LINE terminal of the ohm-

meter to one terminal of the capacitor.

c. Turn the hand generator crank at operating speed. The reading

obtained is the resistance between the capacitor and its case and should

be 500 megohms or more.

d. Remove the GROUND test lead from the case of the capacitor,

and connect it to the other terminal of the capacitor.

e. Turn the hand generator crank at operating speed. The meter

pointer will dip toward ZERO when the generator crank first is

turned, but will move up the scale as the capacitor becomes charged

with the test potential. The capacitor must be fully charged at the

test potential before its insulation resistance will be indicated. Turn

the generator crank for 1 minute or more before taking readings. The

insulation resistance should be 500 megohms or more.

Caution: Disconnect the test leads one at a time after an insulation

resistance measurement has been made, and short the capacitor ter

minals. Contact with a fully charged capacitor can cause a danger

ous shock.
 

LINE LEAD TO THE LEFT-HAND TERMINAL.

Figure 10. Connections for testing capacitors.

20. Insulation Test of Insulating Bushings

a. Connect a test lead from the GROUND terminal of the ohm-

meter to the base of the bushing (fig. 11) .

b. Connect another test lead from the LINE terminal of the ohm-

meter to the bushing terminal.

c. Turn the hand generator crank at operating speed. If the bush

ing under test is the dry type, the reading should be INFINITY or

near INFINITY. If the bushing under test is the filled type, the

reading should be near 1,000 megohms.
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d. If the reading is lower than near INFINITY for a dry-type

bushing or 1,000 megohms for a filled-type bushing, connect the third

test lead to the GUARD terminal of the ohmmeter and to a point

approximately at the center of the bushing. Make this connection by

wrapping the bushing with tinfoil or with a cloth saturated with salt

water and connecting the test clip to the tinfoil or cloth.

e. Operate the hand generator crank. If the reading taken with

the GUARD terminal connected is approximately the same as the

first reading, the low resistance is caused by a fault in the bushing.

If the reading is considerably higher, the low resistance formerly

observed is caused by surface leakage. When low resistance is caused

by surface leakage, the bushing is serviceable but should be cleaned.

Caution: Use the GUARD connection if insulation tests are made

on a damp or humid day. Surface leakage always will be high under

such conditions.

 

Figure 11. Connections for testing insulating bushings.

21 . Insulation Test of Power Cables and Wires

Note. Disconnect equipment from the power line while insulation resistance

measurements are being made.

a. Power Cables.

(1) Connections for measurement of one conductor to all other

conductors.

(a) Connect a test lead from the LINE terminal of the ohm-

meter to the conductor to be measured (fig. 12).

(6) Tie all other conductors together, and connect them to

the GROUND terminal of the ohmmeter.

TAGO 1577B 1&



(c) Connect a test lead from the GUARD terminal to the cable

sheath. Use of the GUARD terminal prevents error caused

by parallel ground leakage.

(2) Connections for measurement of one conductor to ground,

(a) Connect a test lead from the LINE terminal of the ohm-

meter to the conductor to be measured (fig. 13).

{!)) Connect a test lead from the GROUND terminal to the

shield of the cable.

(c) Tie all other conductors together and connect them to the

GUARD terminal. Use of the GUARD terminal prevents

error caused by leakage in the parallel circuits.

(3) Operation.

(a) Turn the hand generator crank at operating speed. A

short length of cable usually will have an insulation re

sistance value of 1,000 megohms or more. The insulation

resistance value of a long cable usually will be considerably

lower than that of a short cable.

Note. When testing the insulation of a long cable, opernte the

hand generator for approximately 1 minute before taking a read

ing. This will eliminate any error that might be caused by the

electrostatic capacity of the cable.

(J) After all measurements are completed, discharge the cable

by grounding all conductors.

 

note:

on ohmmeter zm-2ia/u, connect,

the line lead to the left-hand

terminal and connect the guard

lead to the center terminal. TM 2050-24

Figure 12. Connections for measuring one cable conductor to all other conductors.
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note:

ON OHMMETER ZM-2lA/U, CONNECT

THE LlNE LEAD TO THE LEFT-HAND

TERMlNAL AND CONNECT THE GUARD

LEAD TO THE CENTER TERMlNAL. ™ 2050_8

Figure IS. Connections for measuring one cable conductor to ground.

b. Power Wires. Test the insulation of individual power wires

in the same manner as cable conductors (a above). Make the

GROUND connection to the outer sheath, or jacket, of the wire.

22. Insulation Test of Telephone and Telegraph Cables and

Wires and Minimum insulation Resistance Values

a. Testing Insulation Resistance.

(1) Test the insulation of exchange cables in the game manner as

power cables (par. 21a). The conductors of these cables,

when new, should have an insulation resistance value of at

least 500 megohm-miles.

Note. A conductor is said to have an insulation resistance value of

500 megohm-miles when the insulation resistance of a 1-mile length is

500 megohms. Since short cables usually have a higher insulation

resistance value, a 2-mile length will have an insulation resistance of

250 megohms, a 10-mile length will have an insulation resistance of

50 megohms, etc.

(2) When testing the insulation of large exchange cables, divide

the pairs into bunches of 25 to 100 pairs per bunch. Test

each bunch in the same manner as a single conductor of a

power cable.

(3) If the insulation resistance of a bunch is a high or higher

than the insulation resistance of a single pair, assume that
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the insulation resistance of all pairs in the bunch is satis

factory.

(4) Test each bunch in a cable separately. If the insulation

resistance of a bunch is less than that given in the table, in

b below, separate the wires in the bunch, and measure each

wire separately against all other wires grounded to the

sheath. Each wire should give a reading as high as that

given in the table.

(5) If the insulation resistance of any individual wire is less

than that given in the table, disconnect all other bunches

from the sheath and measure the wire against these bunches

and against the sheath. This will determine whether the

trouble is between the wires, between the wire and the sheath,

or both.

(6) After testing all the bunches, measure a few wires of each

bunch against the remaining wires in the same bunch to deter

mine whether any conductors with low insulation resistance

are in the bunch.

b. Insulation Resistance Requirements for Telephone Cable. The

table below gives the insulation resistance requirements for telephone

cable of various lengths. These figures are based on the requirement

of an insulation resistance of 500 megohms for 1 mile of cable and are

the minimum insulation resistance between one wire and the sheath

with all other wires of the cable grounded to the sheath at a tem

perature of 60° F.

Note. Operate the test set for 1 minute before taking a reading.

Length of cable (ft)

Required

insulation

resistance

(megohms)

Length of

cable (ml)

Required

insulation

resistance

(megohms)

500- .

1,000.

1,500.

2,000.

3,000.

4,000.

5,000.

6,000.

7,000.

8,000.

9,000.

10,000

5,280

2,640

1,760

1,230

880

660

528

440

377

330

293

264

1

2

3

4

5

6

7

8

9

10

11

12

15

20

25

50

500

250

167

125

100

88.3

71.3

62.5

55.5

50

45.4

41.7

33

25

20

10
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c. Insulation Resistance Requirements for Spiral-Four Gable.

(1) General. Spiral-four cable consists of four individually in

sulated conductors in a braided metal sheath. Cable WC-548

has a heavy rubber jacket; Cable WF-8/G has a polyethylene

plastic covering. For a complete test of the insulation resist

ance of spiral-four cable, measure each conductor in turn

with the other three conductors connected to the braid. Thus

a complete test can be made in four measurements.

(2) fable WC-548.

(a) Insulation resistance requirements for various lengths of

new Cable WC-548 are as follows :

Insulation

resistance

(megohms)

Cable length (mi)

H (1 CC-358) 750

1 200

25 10

>

I

(b) In the case of working cable, the insulation resistance of

one 14-mile Cable Assembly CC-358 should not drop below

10 megohms, and the insulation resistance of a 25- to 30-mile

repeater section should not drop below 1 megohm.

(3) Cable WF-8/G.

(a) New Cable WF-8/G, either in 14-mile lengths of Cable

Assembly CX-1065/G or four cable assemblies coupled to

gether during initial installation, should show an insula

tion resistance above 1,000 megohms. For lengths greater

than 1 mile, the minimum insulation resistance can be found

by dividing 1,000 by»the number of miles in the cable. For

example, if a 10-mile length of Cable WF-8/G is to be

tested—1,000-^10=100 megohms, the minimum insulation

resistance for 10 miles.

Note. Manufacturing specifications require a minimum insula

tion resistance of 5,000 megohms per 1,000 feet. Insulation resist

ance above 1,000 megohms is indicated by INFINITY on the meter

scales of Test Set I-48-B and Ohmmeter ZM-21A/U.

(6) A cable line may develop low insulation resistance and

deteriorate to the point where it will no longer be useful.

No matter what length of line is involved, either loaded or

nonloaded, locate and remove the cause when the insulation

resistance drops below 1 megohm.

d. Computing Minimum Insulation Resistance of Cable. The mini

mum insulation resistance for any length or size of cable may be found

as follows:
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(1) The required minimum insulation resistance between one wire

1 foot long and the cable sheath is 2,640,000 megohms. To

find the required minimum insulation resistance for one insu

lated conductor of any length, divide 2,640,000 by the length

of the conductor expressed in feet. For example, to find the

required insulation resistance between one conductor and the

cable sheath of a cable 672 feet long—

2,640,000+672=3,928.57 megohms.

(2) If the cable is a multiple-pair cable and it is necessary to find

the minimum insulation resistance of the entire cable to the

cable sheath, divide the requirement for one conductor by the

total number of conductors in the cable. In the case of a

51-pair cable, this would be 51X2 or 102 conductors. Thus,

to find the minimum insulation resistance requirement for a

51-pair cable 672 feet long—

3,928.57 + 102=38.51 megohms.

23. Insulation Test of Wiring Installations

Wiring systems are tested to see whether they are free from short

circuits and grounds. Remove fuses and open switches before making

tests.

a. Testing for Grounds.

(1) Connect the GROUND terminal of the ohmmeter to a good

ground.

(2) Connect the LINE terminal to a wire of the wiring system

that is being checked for grounds. Measure one wire at

a time. A low reading indicates that the wire is grounded.

A high reading indicates that there is no ground and that

the insulation is good.

b. Testing for Short Circuits.

(1) Connect the LINE terminal of the ohmmeter to one wire of

the wiring system.

(2) Connect the GROUND terminal to the other wire.

(3) Wire circuits of No. 12 or No. 14 AWG wire should have a

resistance of approximately 1 megohm. The insulation re

sistance of wires of larger gage is based on current capacity

and should read approximately as follows :

Current capacity (amperes)

Insulation

resistance

(ohms)

25 through 5C

SI through 100.

250, 000

100,000

Note. Circuits with a current capacity above 100 amperes cinnot be measured

on Test Set I-48-B or Ohmmeter ZM-21A/U. The lowest calibration point of

the ohmmeter is 100,000 ohms (0.1 megohm).
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24. Insulation Test of Electrical Instruments

The insulation resistance between all connected electrical circuits

of an electrical instrument and the case should be no lower than 20

megohms. If the instrument has both a current and a voltage circuit,

the insulation resistance between the current circu.t and the voltage

circuit should be no lower than 5 megohms.

25. Insulation Test of Tools and Appliances

The insulation resistance values of tools and appliances should be

approximately the same as the insulation resistance value of the wiring

system to which they are attached. Tests for short circuits and

grounds are made in the same manner as tests of wiring installations

(par 23).

26. Measurement of Resistors

Use Test Set I-48-B or Ohmmeter ZM-21A/U to measure the

values of resistors in the high megohm range. Resistors of this type

are used in telephone and radio equipment. Disconnect resistors be

fore measuring.

27. Insulation Resistance Values of Equipment Under Test

Whenever possible, take minimum insulation resistance values of

equipment being tested, using the specifications given in the manual

covering the equipment. If specifications are not available, however,

use the following table as a guide. The insulation resistance values

given below represent minimum requirements for the type of equip

ment involved.
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Typeofequipment

Multipleconductorcables,suchasthoseusedtointerconnect
variouspartsofradioequipment.(Testwithplugs,jacks,

andotherconnectingfacilitiesattached.)

Completepowercircuitwithacurrentcapacityof5to50

amperes.

Completepowercircuitwithacurrentcapacityof100

amperesorover.

Rotatingequipment

Transformers,chokes,andsimilarapparatus

Ammeters,voltmeters,wattmeters,etc.

Typeoftest

Betweensingleconductorandshield.

Conductortoallotherconductors

Conductortoconductororconductorto

ground.

Conductortoconductororconductorto

ground.

Betweengroundandallcircuitsofequal
potentialabovegroundconnectedto

gether.

Windingtowindingorwindingtoframe

Betweenallcircuitsincasetoground.

Betweendifferentcircuits.

Insulationresistance(mepohms)

100through1,000. 100through500. 0.2through2. 0.1through1.

MinimumRated

insulationvoltageof resistance=equipment. Kva(orkw)

rating+1,000 MinimumRated

insulationvoltageof resistance=equipment. Kva(orkw)

rating+1,000

20minimum.
5minimum.



28. Locating Low Insulation

a. General. Test Set I-48-B and Ohmeter ZM-21A/U may be used

in locating low insulation of cable caused by moisture. Often in a

fault of this.type the moisture will dry out, thus restoring the insula

tion to full effectiveness and clearing the trouble before the trouble

can be located. Such a trouble can be made apparent by applying

high voltage directly across the fault. This burns in the trouble by

breaking down the insulation at the fault and causing, the bare wires

to make metallic contact. When a solid ground or short circuit has

been developed, the fault can be located by a Wheatstone bridge test

set or by using tone and an exploring coil.

b. Procedure. To burn in trouble using Test Set I-48-B or Ohm-

meter ZM-21A/U, proceed as follows :

(1) Connect the wire under test to the GUAKD terminal of the

ohmmeter.

(2) Connect the cable sheath to the GROUND terminal.

(3) Turn the hand generator crank at operating speed. Full

generator voltage (500 volts) is applied directly across the

fault. The current ballast resistors are not in the circuit and

there will be no reading on the ohmmeter scale.

29. Stopping Procedure

When insulation resistance tests have been completed, disconnect all

test leads from Test Set I-48-B or Ohmmeter ZM-21A/U and from

the apparatus being tested. Close the hinged cover on top of the in

strument case to protect the meter glass.

Section III. OPERATION UNDER UNUSUAL CONDITIONS

30. General

When operating Test Set I-48-B and Ohmmeter ZM-21A/U in

regions where extreme cold, heat, humidity, moisture, or sand condi

tions prevail, special precautions must be taken to keep the equipment

in operating condition at all times. Paragraphs 31 through 33 con

tain instructions for minimizing the effect of these unusual operating

conditions.

31. Operation in Arctic Climates

Since Test Set I-48-B and Ohmmeter ZM-21A/U are intended for

both indoor and outdoor use, the equipment may be exposed to extreme

cold in actual operation as well as in storage and in transport. When

operated at extremely low temperature, the hand generator crank will

not operate as easily as at normal room temperatures. Be careful

not to force the crank of Test Set I-48-B. The generator drive assem
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bly parts may break. If the ohmmeter is operated in a warm place f

after exposure to the cold, moisture will condense on the equipment

until the equipment reaches room temperature. This condition also

arises when the equipment warms up during the day after a cold

night. When the ohmmeter has reached room temperature, dry it

thoroughly. Perform preventive maintenance operations (par. 38)

frequently to keep the unit as moisture-free as possible.

32. Operation in Desert Climates

The main problem when operating the ohmmeter in desert climates

is to prevent dirt, dust, and sand from filtering into the equipment.

Keep the equipment in the carrying case with the lid closed and

latched at all times when not in use, and cover with canvas or other

material.

33. Operation in Tropical Climates

When operated in tropical climates, the main difficulty encountered

in the operation of the ohmmeter is high relative humidity. Al

though it is sealed against humidity, moisture still will condense on

the outside of the instrument case whenever its temperature becomes

lower than the temperature of the air. Moisture collecting between

the binding posts lowers the resistance between them and will cause

faulty readings. Dry the case with a dry cloth before attempting to

make tests with the equipment. Inspect the equipment frequently to

keep it free from rust, corrosion, and fungus growth. Perform pre

ventive maintenance operations (par. 38) frequently to keep the unit

as moisture-free as possible.

(

(
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CHAPTER 3

ORGANIZATIONAL MAINTENANCE

Section I. ORGANIZATIONAL EQUIPMENT

34. General

Before starting preventive maintenance procedures, have available

all materials needed to perform the operations in the preventive main

tenance checklist (par. 38) . These materials may be obtained through

regular supply channels.

35. Materials

Materials for organizational maintenance operations are listed

below :

Sipial Corps stock No. Name of item and description Used to—

6Z7500-000 ABRASIVE, sheet: sand

paper; #000; 9" x 12"

sheets.

Remove rust and corrosion

from metal parts.

C E supply

38-3706.400-

No.

-130.*

BRUSH, paint: soft hair;

flat; 1" wide.

Remove dust, dirt, and lint

from scale aperture, from

between binding posts,

and from interior of carry

ing case.

CC su pply

122585.**

No. CARBON TETRACHLO

RIDE.

Remove gummy deposits

from test lead clips, ter

minals, and binding post

contact surfaces.

6G236.2 CLEANING COMPOUND Remove grease, oil, and cor

rosion from equipment.

6Z1989 CLOTH, textile: cheese

cloth; lint-free; 36" wide.

STICK: orange

Clean various parts of equip

ment.

6Z73G0 Remove fungus growth from

equipment.

6N8583 TAPE TL-83: friction; %" Repair test lead insulation.

6G202.11

wide.

RUBBER CEMENT Cement loose rubber cush

ions in carrying case.

"Corps of Engineers stock number.

••Chemical Corps stock number.

Caution: Repeated contact of carbon tetrachloride with the skin or prolonged

breathing of the fumes is dangerous. Make sure adequate ventilation is pro

vided.
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Section II. PREVENTIVE MAINTENANCE

36. Meaning of Preventive Maintenance

Preventive maintenance is a series of systematic operations per

formed on equipment at regular intervals. It consists of inspections

and services designed to keep the equipment in good operating condi

tion. The primary purpose of preventive maintenance is to prevent

failures or breakdowns and thus to prevent the necessity of major

repairs.

37. General Preventive Maintenance Techniques

a. Use No. 000 sandpaper to remove corrosion.

6. Use a clean, dry, lint-free cloth or a dry brush for cleaning.

(1) If necessary, except for electrical contacts, moisten or brush

with cleaning compound and then wipe the parts with a

cloth.

(2) Clean electrical contacts with a cloth moistened with carbon

tetrachloride and then wipe them dry with a dry cloth.

c. If available, dry compressed air may be used at a line pressure

of not more than 60 pounds per square inch to remove dust from hard-

to-reach places. Be careful, however, or mechanical damage from the

air blast may result.

Cauti*n: Be careful not to direct the air blast toward the meter

movement.

38. Preventive Maintenance

The following check list shows the operator how to maintain the

equipment so that trouble shooting and repair can be reduced to a

minimum. The list shows what, when, and how to check and precau

tions to be taken before, during, and after checking the equipment.

The operations are self-explanatory.
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ItemNo.

WhattoCheck

Whento

check*

HowtoCheck

Precautions

Exteriorofunit.

W

Testleads.

W

Inspectfordamagedplaces,dirt,dust,grease,rust,corrosion,
fungus,andlooseormissingscrews.Tightenallloose screwsandreplaceanythataremissing.Wipeoffdirt andgreasewithaclean,drycloth.Useaclothslightly moistenedwithcleaningcompoundtoremovedirt,oil,or corrosion.Removecorrosionwhichcannotberemoved withcleaningcompoundwithNo.000sandpaperandwipe withadrycloth.Iffungusgrowthispresent,besurethe

equipmentisthoroughlydrybeforebrushingitoff.Re
moveheavyfungusgrowthwithanorangestickandwipe

theunitwithacleanclothmoistenedwithcleaningcom

pound.

Inspectforloosetestclipsandterminals,dust,dirt,grease andcorrosionontheinsulationandtheterminations.Use aclothslightlymoistenedwithcleaningcompoundtoclean leadsandterminals.Checkleadsforbreaksintherubber
jacket.Ifbreaksarefound,repairbycoveringwithfric

tiontape.

Donottightenscrewscare
lessly.Screwstightened beyondthepressurefor whichtheyaredesigned

willbedamagedorbroken.
Whenitisnecessarytotape leads,useenoughtapeto

insuregoodinsulation.

► oa



ItemNo.

WhattoCheck

Whento

check*

HowtoChock

Precautions

Interiorofunit.

M

Carryingcase.

M

Carefullyremovethemechanismfromthebakelitecasebyre movingthefourscrewsthatholdtheendshieldandwith drawtheendshieldandattachedchassisfromthecase. Inspectforlooseormissingmountingscrews,dirt,corrosion, looseconnectionsatapparatustermin.s,brokenwiring,
anddefectiveinsulation.Tightenloosemountingscrews

andnuts.Tapeleadshavingdefectiveinsulation.Re
movedirtanddustfromtheapparatusandwiringwitha softbristlebrush.Wipeaccessiblepartswithaclean,dry cloth.Removecorrosionwithacleanclothmoistenedwith cleaningcompound,anduseNo.000sandpapertoloosen

corrosionthatcannotberemovedwithsolvent.Inspectre
sistorsforblistering,discoloration,andotherevidenceof

overheating.

Inspectforchippedpaint,dirt,dust,grease,corrosion,fungus, andlooseormissingscrews.Tightenallloosescrewsand replaceanythataremissing.Wipeouttheinteriorofthe casewithadryclothandremovedirtadheringtothecase withaclothdampenedwithcleaningcompound.Loosen corrosionthatcannotberemovedwithcleaningcompound withNo.000sandpaper.Examinethespongerubbercase lining.Iftheliningislooseinanyplace,fastenitwith rubbercement.Checkthecarryingstrapforwornorfrayed places,brokenordefectivebuckleparts,andbrokenorrot

tedthreadsinthebucklestitching.

Tightenscrewsandnutsse curelybutdonotover
tighten.Hecarefulnot tobreakconnectionsto terminalsofTestSet

I-48-B,ortodamagewir ing.Donotgetcleaning compoundoninsulators.
Neveruseadamporwet

clothtocleanwiring.

Donotovertightenscrews.

•W—Weekly;M—Monthly.

CO

>ao
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Section III. WEATHERPROOFING

39. Weatherproofing

Signal Corps equipment, when operated under severe climatic con

ditions such as those prevailing in tropical, arctic, and desert regions,

requires special treatment and maintenance. Fungus growth, insects,

dust, corrosion, salt spray, excessive moisture, and extreme tempera

tures are harmful to most materials.

40. Tropical Maintenance

A special moistureproofing and fungiproofing treatment has been

devised, which, if properly applied, provides a reasonable degree of

protection. This treatment is fully explained in TB SIG 13, Moisture-

proofing and Fungiproofing Signal Corps Equipment, and TB SIG

72, Tropical Maintenance of Ground Signal EquipitK .1.

- 41. Winter Maintenance

Special precautions are necessary to prevent poor performance or

total operational failure of equipment in extremely low temperatures.

These precautions are fully explained in TB SIG 66, Winter Mainte

nance of Signal Equipment, and TB SIG 219, Operation of Signal

Equipment at Low Temperatures.

42. Desert Maintenance

Special precautions are necessary to prevent equipment failure in

areas subject to extremely high temperature, low humidity, and

excessive sand and dust. These precautions are fully explained in TB

SIG 75, Desert Maintenance of Ground Signal Equipment.

Section IV. TROUBLESHOOTING AT ORGANIZATIONAL

MAINTENANCE LEVEL

43. Scope

The troubleshooting and repair work that can be performed at the

organizational maintenance level (operators and repairmen) is limited

in scope by the tools, test equipment, and replaceable parts available

and by the existing tactical situation. With the exception of replac

ing or repairing defective test leads, troubleshooting by the operator

consists of the reporting of symptoms to a qualified repairman.

44. Visual Inspection

If the ohmmeter fails to operate properly, inspect the equipment

for the following faults before beginning a detailed examination :

a. Test leads for improper connections.

h. Test leads for wear, breaks, and disconnections.
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45. Equipment Performance Test

a. If visual inspection fails to show any apparent defect in the test

leads, test the ohmmeter for full-scale and zero deflection of the

pointer on the meter scale. Follow the procedures in paragraph 13.

b. Test the equipment with the LIN'E and GROUND terminals con

nected to resistors of known values.

c. If the pointer fails to move to INFINITY or to ZERO or to in

dicate the proper resistance v'alue on the meter scale, turn the equip

ment in to depot maintenance personnel for complete troubleshooting

and repair (pars. 56 through 70).

(
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CHAPTER 4

THEORY

46. General

a. Test Set I-48-B and Ohmmeter ZM-21A/U are designed to meas

ure

I

high values of insulation resistance in megohms of all types of

electrical equipment and wiring. The equipment operates from a

self-contained power supply which consists of a dc hand generator.

The mechanism that drives the hand generator is provided with a

centrifugal clutch that disengages when the hand generator crank is

turned at a speed of 160 rpm. A constant voltage of 500 volts dc is

delivered by the generator. The resistance range of the ohmmeter

extends from 0 through 1,000 megohms. The resistance is indicated

by a meter mechanism of special design, and the indication shown on

the meter scale is as near as possible to a true representation of the

insulation resistance of the equipment, the wire, or the cable line under

test.'

b. The general functioning of the ohmmeter is shown in the block

diagram (fig. 14). With the resistor to be measured connected to

input terminals El and E2, generator GI applies a potential of 500

volts dc across the insulation being tested. At the same time, the

generator supplies the current to operate the moving coil assembly of

the meter. The meter measures the test potential applied to the insu

lation resistance connected across input terminals El and E2, and at

the same time measures the current through the insulation resistance

of the equipment under test.

iNPUT

TERMiNALS

GENERATOR
OHMMETER

•

TM 2050-16

Figure H. Block diagram for test set I-48-B and ohmmeter ZM-21A/U.

A7. Meter Movement

a. The meter used in Test Set T48-B and Ohmmeter ZM-21A/U

is shown in figure 15. The indicating instrument consists of two coils,

potential coil L2, and current coil LI. These coils, mounted on a

common axis and connected so that they oppose each other in a definite

ratio, rotate between two pole pieces in a magnetic field. One force

tends to move the indicating pointer toward ZERO on the ohmmeter

scale; the other force tends to move the pointer toward INFINITY.
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b. Current flows to the indicator through flexible ligaments of prac

tically zero torque which connect the ohmmeter terminals to the

moving coil assembly. The position at which the pointer finally

comes to rest on the scale is determined by the resultant of the two

opposing forces that move the coil assembly.

POiNTER STOP

MOViNG COiL ASSEMBLY

BRACKET

UPPER JEWELLEO BEARiNG

POiNTER STOP

 

MOUNTiNG SCREWS

AND BUSHiNGS

TM 2050-6

Figure IS. Meter for test set I-48-B and ohmmeter ZM-HA/U.

48. Hand Generator

a. The dc hand generator consists essentially of a rotating armature

in a fixed magnetic field. The armature has a 39-bar commutator

running between two carbon brushes. When the armature is rotated

in the magnetic field, an armature voltage is generated that is led out

to the ohmmeter terminals through the carbon brushes. With the

generator rotating at the proper speed, the predominant ripple fre

quency is approximately 1,200 cycles per second (cps) with a peak-

to-peak ripple voltage of approximately 6 volts. Because of the low
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ac component, no capacitor is required across the output of the

generator.

b. The generator drive assemblies of Test Set I-48-B and Ohm-

meter ZM-21A/U are shown in figures 16 and 17. The generator is

driven by a hand-operated crank through a gear train and clutch

assembly. When the crank reaches an operating speed of approxi

mately 160 rpm, centrifugal force disengages the clutch shoes from

the hub. Even though the crank may be rotated at a speed greater

than 160 rpm, normal voltage will be delivered from the generator.

GASKET
SPUR GEAR

CLUTCH DRiVE HUB

SELF-LOCKiNG NUT

CLUTCH SPRiNG

SPRiNG BUSHiN

CLUTCH SHOE

GENERATOR

SHAFT

NiON GEAR

RiNG GEAR HOUSiNG

 

PiNiON GEAR

RATCHET

SEALS

HAND

GENERATOR CRANK

TM 2090-14

Figure 16. Generator drive assembly of test set I-48-B.

49. Resistance Network

The resistance network of Test Set I-48-B consists of one 100,000-

ohm resistor Rl and two 1-megohm resistors R2 (fig. 18) . The resist

ance network of Ohmmeter ZM-21A/TJ consists of one 100,000-ohm

TAGO 1577B 37



CLUTCH DRiVE HUB-

SELF-LOCKiNG NUT-

CLUTCH SPRiNG -

SPRiNG BUSHiNG-

CLUTCH SHOE »Ep

SPUR GEAR

PiNiON GEAR

GENERATOR

SHAFT -

CLUTCH DRiVEN HUB-

DRiVE SHAFT

DRiVE SLEEVE -

GEAR PLATE -

RiNG GEAR

 

RiNG GEAR HOUSiNG

PiNiON GEAR

CHASSiS -

-LOCK PiN

, SEALS

HAND

GENERATOR CRANK

TM 2050-20

Fiyvre 17. Generator drive assembly of ohmmeter ZM-21AW.

resistor Rl and two 250,000-ohm resistors R2 (fig. 18). The two

resistors R2 are connected in series between one side of potential coil

L2 of the ohmmeter and the positive side of the generator. Resistor

Rl is connected between one side of current coil Ll of the ohmmeter

and LINE terminal E2 and acts as a protective resistance to guard

against damage caused by excessive current flowing in this coil.

50. Working Circuit

a. The working circuit of the insulation resistance measuring set is

designated in heavy lines in figure 19. The crank of the hand genera

tor operated at a speed of 160 rpm rotates generator Gl at approxi

mately 6,000 rpm. The generator delivers a potential of 500 volts dc.

With no connections made to the ohmmeter terminals, current flows

from the negative ( — ) terminal of generator Gl, through potential

coil L2 of the meter, and through the two resistors R2 to the positive
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I LINE | | GUARD | | GROUND |

 

COMMON SHAFT.

TM 2050-2

Figure 18. Test set I-48-B and ohmmeter ZM-21A/U, schematic diagram.

( + ) terminal of the generator. The magnetic field set up by poten

tial coil L2 reacts with the field set up by the permanent magnet in

such a way that the coil assembly and the pointer move in a counter

clockwise direction until the pointer indicates INFINITY.

b. An unknown resistor connected between LINE terminal E2 and

GROUND terminal El provides another path for current flow. This

path is from the negative ( — ) terminal of generator Gl, through cur

rent coil LI of the meter, resistor Rl, LINE terminal E2, and

GROUND terminal El to the positive ( + ) side of generator Gl.

The magnetic field set up by current coil LI tends to move the coil

assembly and the pointer in a clockwise direction. If the unknown

resistance is low, most of the current flows through coil Ll and the

pointer indicates a reading close to ZERO. If the value of the re

sistance is high, less current flows through coil Ll and the pointer

moves from the ZERO end of the scale to indicate a point nearer

INFINITY.

51. Guard Circuit

The guard circuit is shown in figure 19 in light lines. This circuit

is used for measurements over 100 megohms. The guard circuit con

sists of a metal ring around LINE terminal L2, metal plates on which

resistors Rl and R2 are mounted, and, in Test Set I-48-B, a shielded

cable that connects the ring and the plates to GUARD terminal E3.
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In Ohmmeter ZM-21A/U, a brass tube is used instead of shielded

cable. The guard circuit prevents leakage current along the surface

of the instrument case between GROUND terminal El and LINE

terminal E2 from affecting the meter readings. Leakage current to

LINE terminal E2 is picked up by the guard ring and led directly to

the generator without going through resistor Rl and the meter coils.

 

E3

| GUARD | Q

TNl 2050-3

Figure 19. Test set I-48-B and Ohmmeter ZM-21A/U, functional diagram.

I

i
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CHAPTER 5

FIELD MAINTENANCE

Note. This chapter contains information for field maintenance. The amount

of repair that can be performed by units having field maintenance responsibility

is limited only by the tools and test equipment available and by the skill of the

repairman.

Section I. PREREPAIR PROCEDURES

52. Tools, Materials, and Test Equipment

In addition to the materials listed in paragraph 35, the tools, ma

terials, and test equipment required for reconditioning, adjusting,

and repairing Test Set I-48-B and Ohmmeter ZM-21A/U are listed

in a and b below.

>

a. Tools and Materials.

Signal Corps

stock No.
Name of item and description Used to—

6Z2000 CLOTH, crocus: 9" x 11" Clean commutator.*

Mark blank meter scale.6M228-3 COMPASS, drafting

6M614 INK: India; black Letter blank meter scale.

6G242. INSULATING COMPOUND Caulk meter scale cover.

6Z7515 PEGWOOD Clean jewels in meter

•6M1101
PEN, ruling.

bearing.

Letter blank meter scale.

6Z7517--- PITHWOOD Clean meter pivots.

6RK19040.1...

6N7531

SCREWDRIVER: jeweler's; set...

SOLDER 'M-31

Adjust meter jewels.

Resolder equipment wir

6R24617 SOLDERING IRON TL-117

ing.

Resolder equipment wir

ing.

•After using crocus cloth, clean the commutator thoroughly with carbon tetrachloride.

b. Test Equipment.

I

Signal Corps

stock Xo.
Name of item and description Used to—

3F4325-505 ELECTRONIC MULTIMETER TS-

505/U: general purpose ac and dc

vacuum-tube voltmeter; ranges .05

to 1,000 volts dc, .05 to 200 volts ac,

and 1 ohm to 1,000 megohms. (Refer

toTM 11-5511.)

Make voltage output

and resistance tests.
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53. Removal of Chassis and Chassis Cover to Permit

Inspection

a. Chaxx'ift.

( 1 ) Break tlie wax seal covering the screw in the lower right-hand

cover of the end shield. Remove this screw and the other

three screws that hold the end shield and the attached chas

sis to the equipment case.

(2) Extend the hand generator crank until it is at right angles to

the end shield. Grasp the crank and withdraw the end

shield and the chassis from the case. Be careful not to dam

age the meter pointer or, in Test Set I-48-B, the wiring to the

equipment terminals.

b. Chassis Cover. Remove the screw in the chassis directly in front

of the small recessed portion of the chassis cover (fig. 6), and gently

pry up the cover on one side. The cover will snap out of the chassis.

54. Inspecting and Cleaning Chassis Assembly

a. Inspecting. When the ohmmeter is turned in for repair and the

cause of the trouble is not immediately apparent, make a preliminary

inspection of the equipment to determine the extent of repair neces

sary. Refer to figures 1, 3 through 6, and 15 through 17 for location of

parts:

(1) Inspect the wiring for broken leads and cracked and brittle

insulation. Inspect for broken connections to terminals and

other parts and for defective soldered connections. Examine

for bare wires touching other wires or the chassis.

(2) Test the operation of the hand generator by turning the

crank a number of times. The shaft should move freely and

smoothly without binding.

(3) Inspect for loose or missing screws.

(4) If there is no indication of damage or fault, operate the unit

according to the procedures given in paragraph 45 to see if the

test set is operating properly.

b. Cleaning.

(1) Clean the outside of the equipment with a clean, lint-free

cloth.

(2) Remove dirt and salt spray from the exterior of the equip

ment with a cloth moistened with clear water. Allow the

equipment to dry thoroughly before attempting any further

cleaning.

(3) Brush accumulated carbon dust from the interior of the

equipment with a soft bristle brush. Be careful not to dam

age equipment wiring.

(4) Remove oil and grease with a cloth moistened with cleaning

compound. Wipe dry with a clean, dry cloth.
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55. Reassembling Equipment

a. Replace the chassis cover by pushing it into place. It will snap

into position when forced gently. Replace the screw on the chassis in

front of the chassis cover.

b. Seat the gasket on the ridge on the inside face of the end shield.

If the gasket is damaged, replace it with a new one.

c. Grasp the hand generator crank and carefully insert the chassis

assembly into the case.

d. Replace the four screws on the end shield and tighten them se

curely. Reseal the lower right-hand screw by placing sealing wax in

the cup provided on the screw.

Section II. TROUBLESHOOTING AT FIELD MAINTENANCE

LEVEL

56. Troubleshooting

The purpose of troubleshooting is to locate and remove quickly

the cause of faulty operation or the failure of equipment. Opera

tional difficulties have definite symptoms that serve as clues to the

cause of the trouble. The chart in paragraph 58 indicates the various

troubles that may be. experienced, the possible causes, and the sug

gested remedies. The tests in paragraph 59 give the repairman the

procedures to follow to isolate the possible cause of trouble.

57. Troubleshooting Data

Before proceeding with the actual location of trouble, a knowledge

of the functioning of the ohmmeter and the theory of operation is

necessary. The detailed functioning of Test Set I-48-B and Ohm-

meter ZM-21A/U is covered in paragraphs 46 through 51. The

troubleshooting chart (par. 58) can be used as a reference when

attempting to locate trouble in the equipment. To supplement the

theory of operation and to locate parts, refer to the following illus

trations : '

a. Complete schematic diagram (fig. 18).

b. Functional diagram (fig. 19).

c. Block diagram (fig. 14).

d. Illustrations showing locations of parts (fig. 1, 3 through 6, and

15 through' 17).
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58. Troubleshooting Chart

Symptom Probable Correction

Meter will not indicate ZERO

with GROUND terminal

El and LINE terminal

E2 connected together.

Meter will not indicate IN

FINITY with no connec

tions to terminals.

Meter indication incorrect

when testing known resist

ance.

Generator does not operate

when crank is turned.

Generator voltage low

Generator voltage high.

Defective resistor Rl

Loose connection to

LINE or GROUND

terminal (in I-48-B).

Loose connection to me

ter terminal.

Loose connection or

broken wire to gener

ator commutator.

Defective meter arma

ture.

Defective resistor R2

Loose connection to me

ter terminal.

Loose connection or bro

ken wire to generator

commutator

Defective meter armature.

Defective resistor Rl or

R2.

Defective meter armature.

Broken drive shaft ratch

et (in I-48-B).

Loose- clutch shoe adjust

ment.

Defective or worn genera

tor brushes.

Defective generator ar

mature.

Tight clutch shoe adjust-

. ment.

Replace resistor Rl.

Resolder connection.

Resolder connection.

Repair connection or

replace wire.

Replace armature

(par. 62).

Replace resistor R2.

Resolder connection.

Repair connection or

replace wire.

Replace armature

(par. 62).

Replace resistor Rl or

R2.

Replace armature

(par. 62).

Replace ratchet (par.

65).

Tighten clutch shoes

(par 73).

Replace brushes (par.

64a and 6).

Replace generator

armature (par. 64).

Loosen clutch shoes

(par. 73).

59. Troubleshooting Procedures

a. Indicator Scale Test. The indicator scale test may localize a

faulty meter reading to the indicating instrument. Proceed as

follows :

(1) Connect the LINE and GROUND terminals to known re

sistances.

(2) Operate the hand generator crank. Note any deviation be

tween the known resistance values and the values shown on

the indicator scale of the test set.

(3) The deviation from any marked point on the scale should not

exceed one thirty-second of an inch.
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b. Output Voltage Test. The output voltage test may show that

the generator is defective or that the clutch needs adjusment. Pro

ceed as follows:

(1) Connect Electronic Multimeter TS-505/U to the GROUND

and GUARD terminals.

(2) Turn the hand generator crank until the clutch. slips. Note

the output voltage.

(3) The output voltage of the generator should be between 500-

and 525 volts dc. If the multimeter reading is below 500

volts, adjust the clutch according to directions in paragraph

73c. If the reading is above 525 volts, adjust the clutch

according to directions in paragraph 73rf.

Note. Low output voltage that cannot be adjusted may be caused

by an open current coil in the indicating instrument.

c. Resistance Network Test. Disconnect the three resistors and

check each separately with Electronic Multimeter TS-505/U. The

resistors should check within 1 percent of their marked values. Nor

mal resistance values are given in figure 18.

d. Continuity Test. Check the continuity of the circuit, point-to-

point, with Electronic Multimeter TS-505/U. Check for possible

short circuits in the same manner.

e. Intermittent Trouble. Do not overlook the possibility of an

intermittent trouble. If an intermittent trouble is suspected, try

to make it appear by jarring or tapping the equipment.

Section III. REPAIRS

60. Replacement of Parts

Only competent personnel with adequate tools and equipment are

authorized to repair Test Set I-48-B and Ohmeter ZM-21A/U. All

parts can be reached easily for replacement by removing the chassis

assembly from the case. When removing wiring from terminals,

either by unsoldering or by loosening screw-type terminals, tag each

wire to facilitate correct wiring when a new part is installed. Be

careful not to damage adjacent parts when removing, installing, and

connecting new parts. Any replacement part should be identical with

the original and installed in the same physical position as the part

that it replaces. When replacing wiring, be sure that each new piece

of wire is the same length as the wire being replaced.

61. Replacement of Meter

a. Remove the chassis from the case according to directions in

paragraph 53.

6. Unsolder the connections to the meter terminals (fig. 15). Tag

the wires so that they may be replaced properly.
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c. Remove the mounting screws and bushings from the meter mag

net and remove the meter (fig. 15) .

d. Install a new meter ; use the same screws and bushings that were

used to mount the old instrument. Besolder the equipment wiring

to the meter terminals.

e. Replace the meter scale plate (figs. 4 and 6) with a blank scale

plate. Calibrate and mark the new scale plate as shown in figure 20,

according to directions in paragraph 72.

62. Replacement of Meter Armature

a. Remove the meter as directed in paragraph 61a through c.

b. Disconnect the ligaments and terminals from the moving coil

assembly (fig. 15).

o. Back off the upper jewelled bearing, and carefully withdraw the

armature from the magnet.

d. Install a new armature, and replace the upper jewelled bearing.

Reconnect the ligaments and terminals to the moving coil assembly.

Caution: Be extremely careful not to damage the coil pivots or the

pointer.

e. Replace the meter and meter scale plate as instructed in para

graph 61a* and e. Calibrate and mark the new meter scale according

to directions in paragraph 72.

63. Replacement of Hand Generator

a. Remove the chassis and chassis cover as directed in paragraph 53.

b. Remove the two snap buttons on the under side of the chassis.

o. Disconnect the leads from the generator brush-holder terminals.

d. Remove the self-locking nuts, two of which can be reached from

the top of the chassis and the other two through the holes on the under

side of the chassis from which the snap buttons were removed. With

draw the generator from the chassis.

e. Knock out the taper pin that retains the clutch driven hub

(figs. 16 and 17), and remove the hub.

/. Install the clutch hub and the new generator by drilling the

generator shaft and pinning the hub to the shaft.

g. Place the new generator on the chassis, and replace the self-

locking nuts. On the underside of the chassis, return the snap buttons

to the holes from which they were removed.

h. Reconnect the leads to the generator brush-holder terminals.

64. Replacement of Hand Generator Armature

a. Remove the generator in accordance with directions in paragraph

63a through d.

b. Remove the generator brush caps (fig. 4) , and remove the brushes.
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c. Remove the two self-locking nuts at the front end of the generator

(fijr- 5).

d. Withdraw the armature, and replace it with a new one.

e. Place the end bell in position, and replace the self-locking nuts.

/. Replace the generator brushes and brush caps.

g. Reinstall the generator as instructed in paragraph 63^ and h.

65. Replacement of Drive Shaft Ratchet in Test Set 1-48-B

a. Remove the chassis assembly and chassis cover as instructed in

paragraph 53.

i. Remove the setscrew from the hand generator crank, and remove

the crank and ratchet from the drive shaft.

c. Remove broken pieces of the damaged ratchet by holding the end

shield face down and gently shaking the equipment. All broken

pieces must be removed.

Caution: Be careful not to disconnect the wiring to the equipment

terminals.

d. Press the new ratchet into the crank. Aline the hole in the side

of the ratchet with the setscrew hole in the crank.

e. Replace the setscrew, and tighten it until it passes into the ratchet

hole. At this point, do not allow the setscrew to pass through the

ratchet.

/. Hold the end of the drive shaft against the gear plate with one

hand, rotating it if necessary until the flat on the shaft faces upward.

With the other hand, slide the ratchet and hand generator crank over

the drive shaft. Be sure that the setscrew is positioned over the flat

on the shaft. Tighten the setscrew.

g. Reassemble the equipment as directed in paragraph 55.

66. Replacement of Terminals

When replacing terminals, be very careful to install all washer and

insulator bushings in the same order in which they were originally

installed. Observe this precaution especially in the case of the LINE

terminal. This is the terminal on which the guard ring is mounted.

67. Replacement of Meter Window Glass

a. Remove the rectangular nickel-plated bezel from the top surface

of the meter window (fig. 1).

b. Lift out the old meter window glass and clean away old insulating

compound from around the meter scale aperture.

c. Place insulating compound around the scale aperture, and press

the new meter window glass in place.

d. Press the bezel down firmly over the glass.
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68. Replacement of Meter Window Cover

a. Remove the four screws that hold the pillow blocks in place

(fig-1).

b. Lift off the pillow blocks. Lift the old cover out of the recess

above the meter window into which it fits.

c. Install a new cover and replace the pillow blocks.

69. Lubrication of Ohmmeter at Field Maintenance Level

a. General. The generator ball bearings and the drive assembly

gear train are lubricated by the manufacturer and ordinarily will

require no further lubrication. When the generator is disassembled

for repair, however, lubricate these parts in accordance with instruc

tions in c below.

b. Disassembly.

(1) Remove the chassis and chassis cover (par. 53) and inspect

and clean the chassis assembly as instructed in paragraph 54.

(2) Clean all parts to be lubricated with a clean, soft brush or

a clean, lint-free cloth dampened with cleaning compound.

c. Lvbrication. Apply a small amount of Grease, Aircraft and

Instruments (GL) (QMC supply No. 14-G-160-900) to the generator

ball bearings and the entire drive assembly gear train with the tip of

a finger. Wipe off excess lubricant with a clean, lint-free cloth.

Grease (GL) is an all-weather grease. No special precautions are

necessary when this lubricant is used in arctic climates. The grease

also is satisfactory for use in high desert and tropical temperatures.

70. Refinishing

a. Refinishing procedures apply only to the carrying cases of Test

Set I-48-B and Ohmmeter ZM-21A/U. The molded plastic instru

ment case cannot be refinished. When painted finishes have been

badly marred, retouch the surfaces if the bare parts are restricted to

small areas, but refinish the entire case if the damaged areas are large.

b. Use No. 000 sandpaper to clean the surface down to the bare metal

or wood. Refinish affected surfaces to match the original finish;

applying one coat of enamel or paint. Use authorized paint, con

sistent with existing regulations.

Section IV. CALIBRATION AND ADJUSTMENT

71. Equipment Required for Calibration of Meter Scale

In addition to Electronic Multimeter TS-505/U (par. 526), the fol

lowing equipment is required for calibrating the meter scale :

a. 10 resistors, .1 megohm ± 1 percent (Sig C stock No. 3Z6700-31).

b. 10 resistors, 1 megohm ±1 percent (Sig C stock No. 3Z67801-95).

, c. 10 resistors, 10 megohms ± 1 percent (Sig C stock No. 3Z6810-31) .

d. 10 resistors, 100 megohms ±1 percent (Sig C stock No. 3Z6901).
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72. Calibrating and Marking of Meter Scale

Note. Before calibrating a new meter scale, check the output voltage of the

ohmmeter (par. 596). If the output voltage is above 525 volts or below 500

volts, adjust the clutch as instructed in paragraph 73'.

a. Calibrating. To calibrate a blank meter scale, proceed as

.follows:

(1) Connect the LINE and GROUND terminals together, and

turn the hand generator crank at operating speed. The

meter pointer should deflect to the right-hand end of the

blank scale plate. This point is the ZERO calibration on the

scale. Mark this point in pencil.

(2) Remove the connector between the LINE and GROUND

terminals of the ohmmeter, and again turn the hand gen

erator crank at operating speed. The pointer should deflect

to the opposite end of the blank scale plate. This is the

INFINITY point on the scale. Mark this point in pencil.

(3) Connect resistors (par. 71), singly or in series, to obtain the

various values of resistance similar to those indicated on the

original scale (fig. 20). Connect the resistors between the

LINE and GROUND terminals of the ohmmeter. Each

time turn the hand generator crank at operating speed.

Mark each value of resistance on the blank scale plate in

pencil.

b. Marking. Remove the meter scale plate from its bracket and

draw in the new points of calibration with India ink. Use a straight

edge and a draftsman's ruling pen. Letter the resistance values on

the scale with a LeRoy lettering pen.

#

•.0" MEGOHMS

500 VOLTS

"$-

 
o
CM

 

Model No Serial No.

Figure 20. Meter nail v.

TM 2050-15
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73. Adjustment of Clutch

The clutch adjustment controls the slip-speed of the hand generator

which, in turn, controls the output voltage of the generator. The

clutch in a properly adjusted instrument slips when the generator is

rotating fast enough to develop between 500 and 525 volts. To adjust

the clutch slip, vary the pressure exerted upon the clutch drive hub and

the clutch driven hub (figs. 16, 17, and 21) as follows:

a. Remove the chassis and chassis cover (par. 53) .

b. Connect Electronic Multimeter TS-505/U between the GROUND

and GUARD terminals.

c. Turn the hand generator crank, and when the clutch slips, note

the output voltage.

d. If the voltage reading is above 525 volts, the slip-speed of the

clutch must be lowered. Loosen the self-locking nuts that bear on the

clutch springs (fig. 21). Loosen each nut about one-fourth of a turn.

Operate the hand generator crank again until the clutch slips. If the

voltage still is above 525 volts, repeat the adjustment until the reading

on the multimeter is within the 500- to 525-volt range.

SELF-LOCKiNG

NUT

 

CLUTCH

ORiVEN SELF-LOCKiNG

HUB NUT

:

. ■ :* ■ T 2080 -U ''

Figure 21. Adjusting output voltage.
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e. If the voltage reading is below 500 volts, the slip-speed of the

clutch must be raised. Tighten each self-locking nut about one-fourth

of a turn, operate the hand generator crank until the clutch slips, and

check the voltage. Repeat this adjustment until an output of 500 volts

has been obtained.

Caution: When adjusting the clutch shoes, be very careful to

tighten or loosen each nut the same amount.
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CHAPTER 6

SHIPMENT, LIMITED STORAGE, AND DEMOLITION TO

PREVENT ENEMY USE

Section I. SHIPMENT AND LIMITED STORAGE

74. Removing from Service

a. Remove all test leads from the ohmmeter terminals. Coil and

tie the leads.

b. Close the meter scale cover.

c. Fold the generator crank handle to its nonoperating position.

d. Remove the webbed strap from the carrying case, coil it, and tie

it with cotton tape.

e. Place the test leads in the compartment provided for them in the

carrying case of Test Set I-48-B or Ohmmeter ZM-21A/U. Place

the coiled strap in the test lead compartment. (In Test Sets I-48-B

with serial numbers below 5527, place the test leads and the carrying

strap on top of the instrument case.)

/. Place the technical manuals in the holder in the carrying case

cover.

g. Place the ohmmeter in the carrying case. Close and latch the

cover.

75. Repacking

Note. The circumstances Involved in shipment and storage vary. The follow

ing instructions are recommended as a guide for preparing Test Sjet I-48-B and

Ohmmeter ZM-21A/U for transportation and storage. Whenever possible, use

the original packaging materials.

a. Cushion the cased ohmmeter on all surfaces with cells or pads

fabricated of corrugated fiberboard. This will absorb the shock of

impact normally encountered in handling and during transit.

b. If possible, place a dehydrating agent, such as silica gel, inside

the cells of corrugated fiberboard.

c. Place the cushioned equipment in a close-fitting corrugated fiber-

board box. Seal the entire closure with gummed paper tape. Blunt

the corners of the box.

d. Place the boxed equipment in a water-vaporproof barrier. Ex

tract the air and heat-seal the barrier.

e. Place the barrier-wrapped box in a second close-fitting corru

gated fiberboard box. Seal the box with water-resistant tape or

adhesive.
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Section II. DEMOLITION OF MATERIEL TO PREVENT

ENEMY USE

76. General

The demolition procedures in paragraph 77 will be used to prevent

the enemy from using or salvaging this equipment. Demolition of

the equipment will he accomplished only upon order of the commander.

77. Methods of Destruction

a. Smash. Smash the meter window glass and break off the indi

cating needle. Smash the instrument case, chassis, meter, generator,

binding posts, and carrying case. Use sledges, axes, handaxes, pick

axes, hammers, crowbars, or heavy tools.

b. Cut. Cut test leads, wiring„and carrying strap. Use axes, hand-

axes, or machetes.

c. Burn, Burn the carrying strap, Signal Corps forms, office rec

ords, technical manuals, and the carrying case of early models of Test

Set I-48-B.

d. Disposal. Bury or scatter the destroyed parts in slit trenches,

fox holes, or other holes, or throw into streams.

e. Destroy. Destroy everything.

i
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