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WARNING
DANGEROUS VOLTAGES EXIST IN THIS EQUIPMENT

Be careful when working on all components of the radar set.
Up to 900 volts exist in these components.

DON'T TAKE CHANCES!

EXTREMELY DANGEROUS VOLTAGES EXIST IN THE
FOLLOWING UNITS:

Radar Receiver-Transmitter RT-268/SPN-11 In Modulator power
supply and trans-
mitter circuits
(3,000 volts).

Azimuth and Range Indicator IP-193/SPN-11 In PPI circuits

(5,000 volts).



Changes in force: C 1 and C 2

CHANGE
No. 2

T™M 11-1535
c2

HEADQUARTERS
DEPARTMENT OF THE ARMY
WASHINGTON, DC, 27 May 1977

RADAR SETS AN/SPN-11X (NSN 5840-00-503-3532)
AN/SPN-11Y (NSN 5840-00-503-3531) and
AN/SPN-11Z (NSN 5840-00-503-3529)

FIELD MAINTENANCE

TM 11-1535, 30 December 1954, is changed as fol-
lows:
The title is changed as shown above.

Page 5. Paragraph 2 is superseded as follows:

2. Reporting of Errors
The Reporting of errors, omissions and recom-
mendations for improving thismanual by the in-
dividual user is encouraged. Reports should be
submitted on DA Form 2028 (Recommended
Changes to Publications and Blank Forms) and
forwarded direct to Commander, US Army Elec-
tronics Command, ATTN: DRSEL-MA-Q, Fort
Monmouth, NJ 07703.
NOTE

Refer to TM 11-1335 for applicable

forms and records.
Paragraph 2.1 is added after paragraph 2.

By Ovder of the Secretary of the Army:

Official:
‘ PAUL T. SMITH
Major General, United States A rmy
The Adjutant General

Distribution:

2.1 Reporting Equipment Improvement
Recommendations (EIR)

EIR’s will be prepared using DA Form 2407,
Maintenance Request. Instructions for prepar-
ing EIR’s are provided in TM 38-750, The Army
Maintenance Management System. EIR’s should
be mailed directly to Commander, US Army Elec-
tronics Command, ATTN: DRSEL-MA-Q, Fort
Monmouth, NJ 07703. A reply will be furnished
direet to you.

Page 177, figure 148. At pin 1 of V107 change
“550K" to read “1 Meg.”

Figure 222. Add the following under *“2. RF
SYSTEM.”

C. TEST WAVEGUIDE RUN (THE POWER
OUTPUT WITH WAVEGUIDE RUN CON-
NECTED SHOULD NOT BE MUCH LESS THAN
WITH THE DUMMY LOAD CONNECTED).

BERNARD W. ROGERS
General, United States Army
Chief of Staff

To be distributed in accordance with DA Form 12-51, Direct and General Support maintenance re-

quirements for AN/SPN-11.

% U.S. GOVERNMENT PRINTING OFFICE: 1977-765010/497
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TECHNICAL MANUAL

RADAR SETS AN/SPN-11X, AN/SPN-11Y, AN/SPN-11Z
FIELD MAINTENANCE

TM 11-1535
Cuaancrs No. 1

™M 11-1535, 30 December 1954, is changed as
follows:

Page 6, paragraph 4b. Change the fifth entry
from the top of the page to read:

115, 32, or 24 vde, from shipboard
supply; or 115 v, 400 cycle ac
from motor generator (on receiv-
er-transmitters bearing  Order
No. 28468-Phila-55).

Page 7, paragraph 6. Make the following
changes in the “Component’ column n para-

Blower  motor

input.

graph 6:

In a, change “Blower motor (115 vde)” to
read: Blower motor 115 v de (115 v, 400
cycles ac for blower motors mounted in
receiver-transmitters bearing Order No.
28468-Phila-55).

In b, change “Blower motor (32 vde)” to
read: Blower motor 32 v de (115 v, 400
cycles ac for blower motors mounted in
receiver-transmitters bearing Order No.
28468-Phila-55).

In ¢, change “Blower motor (24 vde)” to
read: Blower motor 24 v de (115 v, 400
cycles ac for blower motors mounted in
receiver-transmitters bearing Order No.
28468-Phila-55).

Page 8, paragraph 7. Change the figure refer-
ences at the end of the paragraph title to read:
(figs. 2, 3, and 3.1).

Page 9. Add figure 3.1 after figure 3.

Page 13, paragraph 12. Make the following
changes:

[n the chart in b, change the fifth line in the
“AN/SPN-11X" column to read: 115 v de
(115 v, 400 cycles ac in receiver-trans-
mitters bearing Order No. 28468-Phila-55).

Change the fifth line in the “AN/SPN-11Y"
column to read: 32 v de (115 v, 400 cycles
ac in receiver-transmitters bearing Order
No. 28468-Phila-55).
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DEPARTMENT OF THE ARMY
Wasnincron 25, D. C., 30 August 1955

Change the fifth line in the “AN/SPN-11Z"
column to read: 24 v de (115 v, 400 cycles
ac in receiver-transmitters bearing Order
No. 28468-Phila-55).

Add ¢ after b.

¢. Changes and Additions (Order No. 28468-
Phila-55). The following changes or additions
have been made in Radar Set AN/SPN-11X,
procured on Order No. 28468-Phila-55:

(1) Blower motor BS01 operates from the

115-volt, 400-cycle, motor-generator out-

put.

(2) Terminal board TB805, fuse F805, and
starting capacitors C802 and (803 have
been added for the connections and opera-
tion of the blower motor (fig. 204.1).

(3) The conveniénce panel has been changed

so that a larger air filter can be installed.

(4) Spare brushes for the motor generator,

the antenna drive motor, and the de-
flection coil are supplied.

(5) Fuse F301 in the modulator power supply

has been changed from 2 amperes to a
I-ampere, slow blow type.

Page 15, Paragraph 18. In ¢, add the following
to the last sentence: except, on receiver-trans-
mitters bearing Order No. 28468-Phila-55, the
blower motor operates from the motor generator
115-volt, 400-cyele output.

Page 74, paragraph 83. In b, change the first
sentence to read: The 115-volt 400 cps ac is fed
through fuses to the low-voltage power supplies,
the modulator power supply, the ppi power
supply, and the blower motor (on receiver-
transmitters bearing Order No. 28468-Phila-55
only).

Page 74, paragraph 84. Change the figure
references after the paragraph heading to read:
(figs. 73, 73.1, and 74).

Page 75. Add figure 73.1 after figure 73.
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Page 76, paragraph 85. In e, change the last

sentence to read: The ship’s supply voltage
(or, in the case of receiver-transmitters bearing
Order No. 28468-Phila-55, the 115 volts, 400
e blower motor on the bottom of

cps) is fed to th
the receiver-transmitter.

Page 77, figure 75. Add the following note:

) T T
¥, T TR ™ e P e
sl _\1{7|; .!__Iv_v. L ot i,

rARE

BLOWER MOTOR |
FUNNEL(HB10)

ST

PHONES Jack

CONVENIENCE
PANEL "

TMI536-ci-2

Figure 3,.1. Radar Receive - Transmitler RT-268/SPN-11 (units bearing Order No. 28468-Phila-55), fronl i
[ hinged panel open. 1 ITORE niew,  with

NOTE
THE BLOWER MOTORS I
AU 4 m y : 4 OF R

I.{l)u(,lul‘v ER-TRANSMITTERS R%E‘Zgg
b)l N-11 -BI‘ ARING ORDER NO 28468/
ll'l_IIJ:-’\-u:ﬁ ARE ENERGIZED B.Y THE;
111 5-VOLT, 400-CPS, MOTOR-GEN
ERATOR OUTPUT. o

Page 80. Add figure 81.1 after figure 81

TAGO 1135A



FUSE (FEOD)

X ANT. HEATER SWITCH(S801)

< H‘r«(H)- > S FUSE (F803) i
‘& FUSE(FB02) .

ra A

ANT. MOTOR SWITCH($802) ©

(115V =400 CYCLES] ]
OUTLETS (4804)
/ ' v v

 BLOWER ASSEMBLY SRR A R L TR,

Sl [535'.,-‘_(:?'-_3:;

Figure 73.1. Receiver-lransmiller (units bearing Order No. 28/68-Phila-55), front of hinged panel, location of power system

parts. -
Page 81, paragraph 90. Make the following as the motor generator starts, power is fed
changes: through fuse F805 to the blower motor.
In b, change the figure reference after the Page 85, figure 86. Add the following note:
heading to, read: (figs. 81 and 81.1).
NOTE

In b(1), insert the following after the second

sentence: The blower motors of receiver- FUSE F301 IS A 1 AMPERE, '‘SLOW

transmitters bearing Order No. 28468- BLOW, IN RECEIVER-TRANSMIT-
Phila-55 are energized by the 115-volt, TERS BEARING ORDER NO. 28468-

400-cps, motor-generator output. As soon PHILA-55.

TAGO 1135A




FBOS
I AMP
B8Ol
115 VOLTS
400 CPS
c8o2 | cso3
.5UF A UF
TM I535-Cl-4

Figure 81,1, Power for blower wmolor of receiver-transmitters
bearing Orvder No. 28468-Phila-54.

Page 92, paragraph 99¢. Change the period
after the first word on the page to a comma and add
the following: except, on receiver-transmitters

bearing Order No. 28468-Phila-55, the blower

motor operates from the 115-volt, 400-¢ps, motor-
generator outpult.
Page 115. Add figure 113.1 after figure 113.

FBO3
tJ804
{FBOS

J804
B8OOI
T09, TBBOI

MG -
MG9 ~

NOTE!
ALL WIRES ARE WHITE WITH TRACER.
OOLOR SHOWN 1S COLOR OF TRAGER.

TM1535-Ci-5

Figure 113.1.
28468-Phila-55), blower circuil, schematic diagram.

4

Receiver-transmitter (units hearing Order No.

Page 116. Make the follow-
ing changes:
Change the figure references after the para-
graph heading to read: (figs. 113, 113.1,
114, and 204.1).
In a, insert the following after the first sen-

Paragraph 108.

tence: On receiver-transmitters bearing Or-
der No. 28468-Phila-55, a fifth terminal
board (TB8035) is provided for connections
of the blower motor circuit.

Make the following
changes: Opposite 301 in the chart, change 1
amp, 250V in the Rating column to read: 2 amp,
250V (or 1 ampere, slow blow type, in receiver-
transmitters bearing Order No. 28468-Phila-55).

Add the following to the fuse table.

Page 125, paragraph 116.

Fuso Protects | Ruting l,.'"-ml[,.]
FSUﬁ_.‘ Blower cireuit- | | amp, 250 | Back of blower

V. mounting
‘ panel,

Page 199, paragraph 203. After the tenth line
of paragraph 203, add the following: On receiver-
transmitters bearing Order No. 28468-Phila-55,
another terminal board (TBS05) is provided for
connections of the blower motor cireuit.

Page 211.

Page 247, paragraph 246. Change the figure
references at the end of paragraph 246 to read:
(figs. 204, 204.1, 205, and 205.1).

Add figure 204.1 alter figure 204,

Add figure 205.1 after ficure 205,

Add figure 173.1 after figure 173.

Page 247.
Page 2/8.
Page 248, paragraph 247, Change the figure
reference in the first line to read: (figs. 204 and
204.1).
Page 249,

graph 248.

Add paragraph 248.1 after para-

948.1. Disassembly and Reassembly of Blower
Motor of Receiver-Transmitters Bear-
ing Order No. 28468-Phila-55.

(fig. 205.1)

a. Loosen the two setserews by using a %.-inch
(across flats) Allen wrench and remove the cen-
trifugal impeller.

b. Remove the four motor mounting serews and
lockwashers and separate the impeller housing
from the motor.

TAGO 1135A



cesoz c803 FB805

Figure 173 1 ]
¢ 730, Hinged panel, rear view (receiver-transmillers bearing Order No. 2

¢. Remove the four cap mounting serews and

lockwashers by using the #%,-inch Allen wrench
and remove the front cap.

d. Remove the rotor,

e. Remove the bearings by using a bearing
puller and exerting pressure .utrninsl. the ;”“\.!v.
mt-(-._nnly. If the rear I:c:u-in; remnim. it:m'(lll'
housing, place a wooden dowel in the [lﬂl;‘ it 1|]h
rear of the motor and tap it with a n]a]ld l 'I‘Im
bearing will fall out. A g

lCautlon:' Always work in a dust-free aren
when removing or replacing bearings

ll_(f:. .th[;l reassembling the blower motor, place
he rear bearing securely in its housing and push

nlgumsl- its mner race with a wooden dowel until
the outer race does not extend above its housing.

r
9. I'o complete the reassembly, reverse the
disassembly procedures in @ through ¢ above

Figure 212.  Add the following note:

TAGO 1135A
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28468-Phila-55).

. NOTE

FUSE F301 IS A 1 AMPERE, SLOW BLOW,
IN RE(.‘-EI\-"I‘-JR-TI{-ANSMITTERS
BEARING ORDER NO. 28468-
PHILA-55.

Figure 220, Add the following notes to figure
220:

5. ON RECEIVER-TR ANSMITTERS
BEARING ORDER NO. 28468-PHILA-
55, BLOWER MOTOR BS01 IS CON-
NECTED (IN SERIES WITH FUSE
F805) ACROSS THE MOTOR-GEN ERA-
TOR AC WINDING (TERMINALS 8
AND 9 OF TB601) AS SHOWN IN
FIGURE 113.1. THE REST OF THE

© CIRCUITRY IS AS SHOWN.

6. FUSE F301 IS A 1 AMPERE, SLOW
BLOW, IN RECEIVER-TRANSMIT-
TERS BEARING ORDER NO. 28468-
PHILA-55.

[AG 413.44 (25 Aug 55))




TERMINAL BOARD (TB8O5) FUNNEL (H8I0) d FUSE(FB05)

CLEANER ELEMENT (0801} STARTING CAPACITORS

BLOWER MOTOR
(ceo2,c803)

(B80OI)
TMIS35-¢|-7

Figure 20410, Blower assembly supplied on receiver-transmitters bearing Orvder No. 28468-Phila-55.

TAGO 11354



REAR BEARING FRONT BEARING  LOCKWASHER

MOTOR HOUSING ROTOR

2

7

FRONT CAP CAP MOUNTING
SCREW

~

MOTOR
(B80OIA)

MOTOR MOUNTING
SCREW

(MPELLER HOUSING

LOCKWASHER

SETSCREW(2)

CENTRIFUGAL
IMPELLER

(880IB) TMI535-CI-8

Figure 205.1.  Blower assembly of receiver-transmitlers bearing Order No, 28/68-1 MNilu-543, ceploded view.
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OFFICIAL:
JOHN A\, KLEIN,
Major Geneval, United States Arnvy,
The Adjutant General. .
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Figure 1. Radar Set AN/SPN-11(*),



PART ONE
THEORY
CHAPTER 1
GENERAL DESCRIPTION

Section |. INTRODUCTION

1. Scope

a. This technical manual contains a discussion
of the theory and instructions for the repair of
Radar Sets AN/SPN-11X, AN/SPN-11Y, and
AN/SPN-11Z. Installation and operation in-
structions are provided im TM 11-1335,

b. Official nomenclature followed by (*) is used
to indicate all models of the equipment item cov-
ered in this manual. Thus Radar Set AN/SPN-
11(*) represents Radar Sets AN/SPN-11X,
AN/SPN-11Y, and AN/SPN-11Z.

2. Forms and Records

The following forms will be used for reporting
unsatisfactory conditions of Army equipment and
when performing preventive maintenance.

a. DD Form 6, Report of Damaged or Improper
Shipment, will be filled out and forwarded as pre-
seribed in SR T45-45-5 (Army) ; Navy Shipping

Guide, Article 18504 (Navy); and AFR 714
(Air Force).

b. DA Form 468, Unsatisfactory Equipment
Report, will be filled out and forwarded to the
office of the Chief Signal Officer as preseribed in
SR T00-45-5.

¢. DD Form 535, Unsatisfactory Report, will be
filled out and forwarded as prescribed in SR
T00-45-5 and TO 00-35D-54.

d. DA Form 11-238, Operator First Echelon
Maintenance Check List for Signal Corps Equip-
ment (Radio Communication, Direction Finding,
Carrier, Radar) will be prepared in accordance
with instructions on the back of the form.

e. DA Form 11-239, Second and Third Echelon
Maintenance Check List for Signal Corps Equip-
ment (Radio Communication, Direction Finding,
(‘arrier, Radar) will be prepared in accordance
with instructions on the back of the form.

7. Use other forms and records as authorized.

Section Il. DESCRIPTION

3. Purpose and Use

Radar Set AN/SPN (*) (fig. 1) is a shipboard
navigational aid which provides position data on
vessels and landmarks that ave not visible because
of fog or darkness. Over a range of 75 yards to
20 nautical miles, the radar set is used to obtain:

a. Anticollision data by observing the positions
and courses of vessels on the open sea.

b. Piloting information by observing the posi-
tion of buoys and other markers in channels and
harbors.

¢. Bearings and ranges of known landmarks to
plot the position of the radar-equipped vessel.

d. Storm warning data by observing and plot-
ting the movements of heavy rain or snow squalls,

4. Technical Characteristics
w. Power Supply Requirements.

Radar Set: Bhipboard supply

AN/BPN-IX o s 115 vde at 1,000 w.
AN/SPNITY . 32 vde at 1,000 w.
AN/EPNSIZ s e e 24 vde at 1,000 w,

b. Radar Receiver-Transmitter RT-268/SPN-
/1.

Transmitter ;

B requency - oo One preset channel in the
9,320- to 9,430-me band
(3.22—-3.18 cm).

Modulation__ - ccaaa-- Pulse,

Pulse width. - 4 usec,

Pulse repetition rate. . _ 1,000 ¢ps.

Duty cycle.—.._________ 338 db.



Transmitter—Continned
Power output (peak)__-_
Power output (average).
Source of rf power_ .
Range (approximate) .-
Blower motor (input)._..

Number of tubes________

Radar Receiver R—480/SPN-—
14 5

Prequemcey oo eamaa

Recelver type. oo

Intermediate frequency__

Banwidth i o e

Minimum discernible sig-

nal.

Type of signal .

Number of tubes. ..
Duplexer CU-311/SPN-11:

WU T A e D e o SR

Anti-TR tube___—————_
Frequency Mixer Stage CV-

289/8PN-11:

APQ erystal .- _

Signal crystal .-

Klystron oscillator______

30 kw (74.6 dbm).

12 w (40.8 dbm).

Magnetron, type 725A.

75 yd to 20 nautical mi.

115, 32, or 24 vde, from
shipboard supply.

18.

One preset channel in the
9,320- to 9,430-m¢ band.

Superheterodyne,

30 me,

5 me.

—00 dbm.

Pulse.
16.

1B24A,
1B35.

IN23B.
1N23R.
2K25 or T23A/B.

c. Antenna AS-599/SPN-11.

AT o 4 ey e e
12 F T VP, S T SR
Frequency range. . —————___
Input impedance - ————__
Beam width:
HorleontRlL e e
WENE e s et
Bearing resolution___ . __
Attenunation of back and side
lobes.
Speed of antenna horn rota-
tion.
Gear ratio, transmitter syn-
chro to antenna horn.
Antenna drive motor (input) -

Horn,

Parabolic,

9,820 to 9,430 me.
400 to 56 ohms.

2°,
25 db.

17 rpm,
10: 1.

115, 82, or 24 vde, from
shipboard supply.

d. Azimuth and Range Indicator 1P-193/ 8PN~

11.

L e e e e
Azimuth (relative bearings) ..
Indicator
Type of presentation_________
Number of tubes____________

e. Motor Generator.

Motor:
I R L o e

e O e
Speed of rotation________

1, 3, 8, and 20 nautical mi,
0° to 260°.

T-inch cathode ray tube.
Plan position indicator,
10,

115, 32, or 24 vde, from
shipboard supply.

Compound wound.

1,715 rpm.

Generator :
Input (to fleld) _________ 115, 32, or 24 vde, from
shipboard supply.
115-volt, 400-cycle single-
phase voltage at 6.5 amp,
70 va (for all compo-

Output

nents, except blower,
heaters, and drive mo-
tors).

5. Nomenclature Assignments

The letter suffixes X, Y, and Z are used ag
voltage designators, Thus basic nomenclature
followed by X, Y, or Z indicates that the com-
ponent or radar set operates on a direct current
(de) supply source of 115, 32, or 24 volts, respec-
tively. A list of nomenclature assignments for

the components of Radar Set AN/SPN-11(*) is
given below. A common usage name is indicated

after each component.

Nomenclature

Radar Receiver-Transmitter
RT-268/SPN-11.

Duplexer CU-311/SPN-11____

Frequency Mixer Stage CV-
230/8PN-11.

Radar Receiver R—480/SPN-
11,

Antenna AS-509/SPN-11____

Resistance Blement HI-124/
SPN-11.

Resistance Blement HD-123/
SPN-11.

Azimuth and Range Indicator
IP-193/8SPN-11.

Junection Box J497/SPN-11__

Switch Box SA-284/SPN-11__

Switch Box SA-283/SPN-11__

Motor Starter SA-287/SPN-
11,

Motor Starter SA-286/SPN-
11,

Motor Starter SA-285/SPN-
11.

Motor-Generator PU-243/

SPN-11,

Motor-Generator PU-245/
SPN-11.

Motor-Generator PU-244/
SPN-11.

Voltage Regulator ON-192/

SPN-11X,
Voltage Regulator

SPN-11Y.
Voltage Regulator

SI'N-11Z.

ON-193/

CN-194/

Common name
Receiver-transmitter

Duplexer
Mixer

Receiver

Antenna
Heater (115 volts)

Heater (82- or 24-volt)
Indicator

Junetion box

Switeh box (115-volt)
Switch box (32- or 24-volt)
Starter (115-volt)
Starter (32-volt)

Starter (24-volt)

Motor generator (115-volt)
Motor generator (32-volt)
Motor generator (24-volt)

Voltage (115-

volt)
Voltage regulator (32-volt)

regulator

Voltage regulator (24-volt)






7. Radar Receiver-Transmitter RT-268/

SPN-11
(fig. 2 and 3)

The receiver-transmitter is an upright rack with
a door covering the entire face of it. When the
door is opened, the front of a hinged panel, upon
which are mounted parts for the transmitting
system and low voltage power supplies, is re-
vealed. The duplexer, which funnels the trans-
mitted and received energies to the proper points,
is mounted in the upper right-hand corner of the
hinged panel. Directly beneath the duplexer is

MAGNETRON
ASSEMBLY

BLOWER
HOSE (H8I2)

TRANSMITTER
CHASSIS

LOW-VOLTAGE
POWER SUPPLIES

the receiver chassis which is connected to the Ju-
plexer through the mixer. On the opposite side
of the hinged panel is a shielded compartment
that contains other transmitting system and power
supply parts. Terminal boards that have inter-

connecting points between receiver-transmitter
parts and all the other components of the radar
set are mounted on the lower inside portion of the
A convenience panel, upon which are
mounted switches, fuses, alternating current (ac)
receptacles and a blower, is attached at the bottom
of the rack,

rack.

DUPLEXER

MIXER

KLYSTRON

RECEIVER
CHASSIS

BLOWER DUCT
(ABOI)

PANEL

RECEPTACLES

TMI335-8

Figure 2. Radur Receiver-Transmitter RT-268/8PN-11, front view.




WAVE GUIDE
CLAMP

HINGED
PANEL

KEEP-ALIVE
(-900 V)
POWER SUPPLY

SHIELDED
COMPARTMENT

COUPLING
UNIT (0 802)

KNOCKOUTS

TERMINAL
BOARDS

BLOWER
MOTOR
FUNNEL
(H810)

CLEANER
ELEMENT

(0 801)
TM 1535-501

Figure 8. Radar Receiver-Transmitter R1"-268/SPN~11, front view, with hinged panel open.

8. Antenna AS-599/S5PN-11
(fig. 4)

a. The antenna is composed of two parts: the
rotating assembly and the pedestal. The rotating
assembly includes the antenna horn and reflector.
The pedestal has two compartments: the drive
housing which holds the antenna drive motor, and

the gear housing which contains all the gear
assemblies.

b. The wave guide is connected at the bottom of
the gear housing to wave guide assemblies that
run up through the pedestal to the antenna horn
and reflector.

¢. The pedestal also holds the transmitter
synchro. This synchro is connected to the antenna
drive motor through a gearing system and pro-
duces a voltage that is fed to the receiver synchro
in the indicator. These synchros cause the sweep

9



ANTENNA
REFLECTOR

ROTATING
ASSEMBLY

DRIVE
HOUSING

-

-7\ PEDESTAL

GEAR HOUSING

T™ I1535-1B2

Figure 4. Antenna AS-599/SPN-11.

DIAL AND CURSOR
HOUSING ASSEMBLY

DIAL LAMP

TOP COVER
(I 101)

LENS COVER
(A103) BOTTOM

COVER

TRUNNION
BRACKET
(Al01)

CONTROL PANEL

T™ 1535-5l1

Figure 5. Azimuth and Range Indicator [P-193/SPN-11, front view.
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on the plan position indicator (PPI) to rotate in
unison with the antenna horn.

d. A can assembly in the pedestal actuates
heading flash cireuits in the indicator.

9. Azimuth and Range Indicator IP-193/
SPN-11
(fig. )

a. In the center of the front panel of the indi-
cator is the cathode ray tube which gives a PPI
presentation of the surrounding area. The cath-
ode ray tube screen is made more viewable by
means of the lens cover which shades the screen
and by means of the trunnion bracket which en-
ables the indicator to be titled. Around the tube
are the various controls needed for the operation
of the radar set. Top and bottom covers are re-
moved by loosening captive screws in the rear of
the unit.

b. In the indieator are the range, sweep, video,
PPI and synchronizing circuits. The synchroniz-
ing circuits work in association with the trans-
mitter synchro in the antenna.

¢. Cables are used to connect power, trigger,
and video signals between the receiver-transmit-
ter and the indicator. Junction Box J—497/SPN-
11 (fig. 156) is used as an interconnection point
between the receiver-transmitter and the indi-
cator.

10. Power Group
(fig. 5-9)

The power group consists of four components
that are used to convert the ship’s line voltage to
115 volts, 400 cycles per second (cps) which are
fed to the radar set proper. The power group
components are—

a. Switch Bowx (fig. 6). The switch box con-
tains a lever switch that turns the ship’s line volt-
age on and off. The box also contains fuses.
Switch Box SA-284/SPN-11 is used with a sup-
ply voltage of 115 volts de. Switch Box SA-
283/SPN-11 is used with a supply voltage of 32
or 24 volts de.

b. Motor Starter (fig. 7). The motor starter
protects the motor generator during the starting
period by increasing the power applied to the
motor generator in three steps. An overload relay
is also included. Motor Starter SA-287/SPN-11
is for use with a supply voltage of 115 volts de;
Motor Starter SA-286/SPN-11 is for use with a
supply voltage of 32 volts de; Motor Starter SA-

CONTROL
ER

TM 1335-504

Switch Bor SA-284/SPN-11,

BUTTON

TM 1536-503

Figure 7. Motor starter.

285/SPN-11 is for use with a supply voltage of
24 volts de.

¢. Motor Generator (fig. 8). The supply volt-
age is applied through the motor starter to the
motor generator. The motor generator converts
the input voltage to an output voltage of 115 volts

11



BRUSH ACCESS
COVER

Figure 8.

| _RHEOSTAT

acd TVOLTMETER

TMi335-17

Figure 9.

Voltage regulator.

400 cps. Both the input voltage and the output
voltage lines are connected to the terminal board
mounted on top of the motor generator. Motor-
Generator PU-243/SPN-11 is for use with a sup-
ply voltage of 115 volts de; Motor-Generator
PU-245/SPN-11 is for use with a supply voltage

12

TERMINAL
BOARD

TM 1335-13

Motor generator.

of 32 volts de; Motor-(GGenerator PU-244/SPN-11
is for use with a supply voltage of 24 volts de.

d. Voltage Regulator (fig. 9). This unit con-
tains a rheostat to vary the ontput voltage of the
motor generator and a voltmeter to measure the
output voltage. The leads from the voltage regi-
lator are connected to the motor generator through
the terminal board on top of the motor generator.
Voltage Regulator CN-192/SPN-11X is for use
with a supply voltage of 115 volts de; Voltage
Regulator CN-193/SPN-11Y is for use with &

supply voltage of 32 volts; Voltage Regulator

ON-194/SPN-11Z is for use with a supply voltage
of 24 volts.

11. Wave Guides

Wave guide sections for use with Radar Set
AN/SPN-11(*) are illustrated in figure 22. Oné
flexible section (not illustrated) and a number of
straight, bent, and twist sections are furnished t0
facilitate installation and to provide the shorfﬁ?t
possible wave guide run. Each section is termt
nated with a plain flange at one end and a choke
flange at the other end. When the sections are
coupled, the choke flange end of one SectiOI:l is
joined to the plain flange end of the next section:
The flexible section is 48 inches long, and the
straight sections are furnished in 14-, 1-, 2-, 3- 4,



8-, and 12-foot lengths. Curved sections are fur-
nished with E or H bends of 45° or 90° respec-
tively. E bends are curved on the wide surface
(90° E, fig. 22) ; H bends are curved on the narrow
surface (45° H and 90° H, fig. 22). A wave guide
deck fitting, a wave guide ceiling dress plate, and
wave guide clamps also are furnished.

12. Differences in Models
a. Common Components. The basic nomencla-
ture Radar Set AN/SPN-11 is used in this manual
to refer to the group of components that operate
from the 400-cycle, 115-volt output of the motor
generator. These common components are listed
below.
(1) Radar Receiver-Transmitter RT-268/
SPN-11, including Radar Receiver R-
480/SPN-11 but less blower motor.

(2) Antenna AS-599/SPN-11, less antenna
drive motor and heaters,

(3) Duplexer CU-311/SPN-11.

(4) Azimuth and Range Indicator IP-193/
SPN-11.

(b) Junction Box J—497/SPN-11.

(6) Frequency Mixer Stage C'V-239/SPN—
11,

(7) Cables (except W710 and W712).

(8) Wave guide sections.

b. Additional Components. The letter suffix X,
Y, or Z is added to the basic nomenclature to indi-
cate that the particular radar set includes the addi-
tional components for operation from a de supply
source of 115 volts, 32 volts, or 24 volts, respec-
tively. The table below indicates the additional

components that are required to make up each
model of the radar set.

Item

Radar Set

AN/SPN-11X

AN/SPN-11Y AN/BPN-11Z

Bubplyivoltage: o o8 o e emd e A K

lilgyidp=Sh 1o 1 -

Motor-EGeneralor e
) EVT T o Y o o) et e B R SR e e B
ANt driv e oo r e e L S e
323 e b1 11 (006 et s = e e S
Resistance Elements (Heaters) .. .. .. __
i 1 Loy e s R P e e S
Voltage Raprlat o S e e

PU-243/SPN-11

HD-124/SPN-11.___
SA-284/SPN-11_____
CN-192/SPN-11X . .

PU-245/8SPN-11__ __
SA-286/SPN-11

HD-123/SPN-11.___
SA-283/SPN-11____.
CN-193/SPN-11Y __

24 v de.
PU-244/SPN-11.
SA-285/SPN-11.
24 v de.

24 v de.
HD-123/8PN-11,
SA-283/8SPN-11.
CN-194/SPN~11Z%.

Rupa(FBDYYES e TN fs geinet Fiehee = otk st ] 250 v 25 amp. . ____ 250 v 60 amp_______ 250 v 60 amp.
Flget(F002) e s e 250 v 25amp. . . 250 v 60 amp_______ 250 v 60 amp.
i (g e 1) D BRRREe. Bare D UE e B A RO 2 125 v 10 amp. _____. 125 v 15amp_______ 125 v 15 amp.
e S A (R e T B e e e e e S DHEICANOR sase iy seey II YETRA 23 SO Sy DHFA 40.

Section

13. General

a. Tosimplify discussion, the radar set, has been
divided into five systems: the transmitting sys-
tem, the radio frequency (rf) system, the receiv-
ing system, the synchronizing and indicating sys-
tem, and the power system. In this section, the
functions of each system will be given in a general
way (fig. 10). In the chapters that follow, each
system will be broken down into its individual cir-
cuits, and the function of every part in each stage
will be explained in detail.

. The system breakdown is on a functional
basis. Not all parts of a system are necessarily
contained in one component. The rf system is com-
posed of parts in the receiver-transmitter and in

lll. SIMPLIFIED BLOCK DIAGRAM

the antenna, as well as of wave guides that connect
these two components. Part of the synchroniz-
ing and indicating system is in the antenna, and
part is in the indicator. The power system is
composed of four components: switch box, motor
starter, motor generator, and voltage regulator;
there are also circuits in the receiver-transmitter
and the indicator. For convenience, miscellane-
ous parts, such as the blower and antenna drive

motors, and the heaters, are discussed with the
power system.

14, Transmitting System

a. A master blocking oscillator in the transmit-
ting system produces timed triggers that fire the

13



14}

TRANSMITTING SYSTEM

|. SENDS TRIGGER PULSE TO THE RECEIVING,AND
SYNCHRONIZING AND INDICATING SYSTEMS.

—— o ——— e —— e — —

I

RF SYSTEM

TRANSMITTED I
RF PULSES

2. GENERATES HIGH-POWER RF PULSES.

PEAK POWER OUTPUT----30 KW

PULSE WIDTH ==r=~==—- 0.4 MICROSECOND
RECURRENCE FREQUENCY--1,000 PULSES/SECOND
FREQUENCY RANGE 9,320 TO 9,430 MC

TRIGGER

ANTI-
TR TUBE

TARGET
ECHOES

T |

l RECEIVED

ANTENNA
DRIVE
MOTOR

RECEIVING SYSTEM

PASSES VIDEO SIGNALS TO SYNCHRONIZING AND

INDICATING SYSTEM.

- GENERATES STC SIGNAL.

. RECEIVES, AMPLIFIES AND DETECTS TARGET ECHOES.

TRIGGER

SYNCHRONIZING AND

INDICATING SYSTEM

|. DISPLAYS MAP OF SURROUNDING AREA
ON INDICATOR SCOPE TO GIVE RANGE
AND BEARING OF TARGETS.

2. GENERATES RANGE MARK, SWEEP AND

UNBLANKING PULSES.

3. SYNCHRONIZES SWEEP ROTATION WITH

ANTENNA HORN ROTATION. PROVIDES
FORE AND AFT HEADING FLASHES,

4. COMBINES VIDEO SIGNALS AND RANGE

MARKS FOR PRESENTATION ON PPI

Figure 10, Simplified block diagram.

POWER SYSTEM

CONVERTS SHIP'S LINE VOLTAGE TO
115 v, 400 CPS.

DEVELOPS ALL VOLTAGES NEEDED FOR
OPERATION OF COMPONENTS.
OPERATES HEATERS, BLOWER AND
ANTENNA DRIVE MOTOR.

TH 1535-1




sensitivity time control circuits in the receiving
system and the multivibrator in the synchroniz-
ing and indicating system. The pulse repetition
frequency (prf) of these triggers is 1,000 pulses
per second.

b. The modulator circuits fire the magnetron at
the prf. The magnetron generates high power rf
(9,320 to 9,430 megacycles (me)) pulses that have
a pulse width of .4 microsecond.

15. Rf System

a. The high power rf pulses pass through the
duplexer and the connecting wave guides to the
antenna horn. The horn together with the para-
bolic reflector causes a narrow beam of energy to
be radiated into space. Returning echoes are
picked up by the reflector and brought to a focus
at the horn; from the horn they return along the
wave guide sections through the duplexer to the
receiving system.

5. The duplexer contains the transmit-receive
(TR) and anti-TR tubes. The TR tube prevents
the transmitted energy from entering the receiv-
ing system ; the anti-TR tube prevents the received
energy from entering the transmitting system.

. The antenna drive motor located in the an-
tenna pedestal rotates the antenna horn and re-
flector when the radar set is scaning.

16. Receiving System

. The target echoes are fed to the mixer where
with the aid of the klystron local oscillator an
intermediate frequency (if.) of 30 me is produced.
The signals are then amplified, detected, and
passed as video signals to the synchronizing and
indicating system.

b. An ste cirenit in the receiving system im-
proves the display on the PPI tube in the syn-
chronizing and indicating system.

¢. An automatic frequency control (afe) circuit
is used to correct the klystron frequency so that the
if. will be constant. A small portion of the trans-
mitted signal leaves the transmitting system and
woos to the afe crystal in the mixer. When the
signal mixes with the klystron output the if, pro-
duced is amplified and fed through a charging
diode and phantastron cireuit. This circuit stabil-
izes the output of the klystron local oscillator,

17. Synchronizing and Indicating System
The synchronizing and indicating system has a
eathode ray tube that gives a PPI presentation of

the surrounding area. All the circuits in this sys-
tem enable the range and bearing of targets to be
read from the scope.

a. As mentioned before, the trigger from the
master blocking oscillator in the tratismitting sys-
tem fires the one-shot multivibrator in the syn-
chronizing and indicating system. The one-shot
multivibrator, in turn, causes the sweep and range
mark circuits to operate. The sweep circuits pro-
duce a signal that deflects the electron beam in the
PPI from the center to the edge of the screen. The
range mark eircuits produce timed pulses that en-
able the operator to read the range of targets.
The one-shot multivibrator also provides an un-
blanking signal that prevents the sweep return
trace from being visible on the PPI.

b. As the antenna horn rotates, a transmitter
synchro in the antenna pedestal sends a signal to
the receiver synchro in the indicator. The receiver
synchro, in turn, causes the deflection coil on the
PPI to rotate, thus making the sweep rotate in
synchronism with the antenna horn. The syn-
chronizing circuits also operate cams that produce
fore and aft heading flashes. These flashes, which
appear as intensified lines on the PPI, enable the
operator to read the bearing of targets with refer-
ence to the ship’s heading.

¢. The video signals from the receiving system
are fed to the video circuits in the synchronizing
and indicating system. Here they are combined

with the range marks and amplified before being
applied to the PPIL.

18. Power System

a. The ship’s line voltage is fed through the
switeh box and the motor starter to the motor gen-
erator. The motor starter protects the motor gen-
erator by making it accelerate to full speed slowly.
The motor generator converts the ship’s line volt-
age to the 115 volts, 400 cps that are needed by
the radar set. A voltage regulator is used for
adjusting the output voltage of the motor gen-
erator.

b. The 115 volts, 400 cps are fed to the low volt-
age and modulator power supplies in the receiver-
transmitter, and to the PPI power supply in the
indicator.

¢. The ship’s line voltage is used to operate the
antenna drive motor and the heaters in the an-

tenna, and the blower motor in the receiver-trans-
mitter.

15



PULSE TRANSFORMER (T302)

MAGNETRON(V306)

MAGNET (E309) CAPACITOR(C305)

PULSE FORMING NETWORK

RESONANT CHARGING
CHOKE (L302)

GAPACITOR(C304)

HIGH VOLTAGE
TRANSFORMER (T301)

mmsrom:lelﬁwggag CoIL (L.301)
SWITCHI(S 301) [FRIGGER] JAGK 4302
i JACK(J303)
HIGH VOLTAGE
FUSE (1301)

FILAMENT FUSE (F303)

TM1535-577

Figure 11. Receiver-transmitter, front view, transmitting system parts.
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CHAPTER 2
TRANSMITTING SYSTEM

Section |. INTRODUCTION

19. General

a. The transmitting system generates pulses with
a pulse repetition rate of 1,000 cps. These pulses
are used to key the magnetron, to trigger the stc
cireuits in the receiving system, and to synchronize
the timing of the sweep, unblanking, and range
mark circuits in the synchronizing and indicating
system.

b. The transmitter circuits are located within
the shielded compartment (fig. 12) and on the
front of the receiver-transmitter (fig. 11). With-
in the shielded compartment attached to the trans-
mitter chassis is the modulator subchassis. The
subchassis holds all the transmitting system tubes,
except the magnetron.

20. Block Diagram
(fig. 13)

a. Timing Circuits. The signals produced by
the timing circuits are used to synchronize the
various circuits in the radar set.

(1) Master blocking oscillator stage V30TA
provides the basic timing for the set.
The output pulses are fed to amplifier
stage V307B, to the ste circuits in the re-
ceiving system, and to the synchronizing
and indicating system where they control
the range mark circuits and the sweep cir-
cuits.

(2) Amplifier stage V307B amplifies and in-
verts the output of the master blocking

TR TUBE —a3

TRANSMITTER
CHASSIS = |

SPARK
GAPS

. MODULATOR
SUBCHASSIS

T™ I535-506

Figure 12. Shielded compartment.

327711 0—65——2
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oscillator and isolates stage V30TA to
prevent feedback from V308.
Triggered blocking oscillator stage V308
generates a relatively wide pulse with a
steep leading edge that is used to trigger
the modulator.
Cathode follower stage V309 is used to
mateh the output impedance of stage
V308 to the input impedance of modu-
lator V305.

b. Transmitter Circuits.
conjunction with

(3)

(4)

Modulator
resonant charging

V305 in
inductor

1302, pulse forming network Z301, and magnetron
pulse transformer T302, controls the operation
of the magnetron. Magnetron V306 produces the
rf energy.

¢. Low Voltage Power Supplies. The low
voltage power supplies provide the B+ voltages
needed for operation of the stages in the trans-
mitting system. They are described in para-
graph 93.

d. Modulator Power Supply. This power sup-
ply produces 3,000 volts for operation of the mod-
ulator. A time delay circuit prevents the power

i
| RF SYSTEM ‘
' DUPLEXER .
-t
I
RESONANT P
CHARGING FO:!LI?:G "“235;'2"" MAGNETRON
LRI $0R NETWORK TRANSFORMER V306
' [ Z30l1 T302 T25A !
= - = __TRANSMITTER CIRCUITS

]
L;"Lascurtfr?a TRIGGERED
OSCILLATOR AMPLIFIER BLOCKING
V30T7a V3078 OSCILLATOR
1 (172) 6SN7 (172) 65NT V308

6v6

_ __TIMING CIRCUITS |

TRIGGER TO
SYNCHRONIZING AND
INDICATING SYSTEM

AND TO
RECEIVING SYSTEM

P

HV RECTIFIER
V303, V304
3824

MODULATOR POWER SUPPLY

TIME DELAY
viol
6SN7

I
|
|
300V REG#— }
|
|

HE0V__ 1 ow-voLTAGE

¥320V

+600V "F?: ER

Tooov—| SuPPLIES
+300V REG#

"""..'.‘.l

Figure 13.
18
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Transmitting system, block diagram.



from being applied to the modulator until the
filaments of the transmitter tubes have been ade-

quately heated. The modulator power supply is
described in paragraph 94.

Section Il. TIMING CIRCUITS

21. Master Blocking Oscillator
(fig. 14)

Master blocking oscillator V30TA generates
trigger pulses with steep leading and trailing
edges. The pulse repetition rate of these triggers
is controlled by means of a variable resistor.

a. When plate voltage is applied, plate current
increases and produces an expanding field about
the plate winding of transformer T304. The
voltage induced into the grid winding as a result
of this increasing magnetic field drives the grid
positive. At the same time, capacitor C306 is
charged as shown. The more positive the grid
becomes, the greater the plate current flow through
the tube; the greater the plate current, the more
positive the grid becomes. This regenerative
action quickly drives the tube to saturation. The
sudden inerease in current flowing through cath-
ode resistor R314 produces the steep leading edge
of the trigger.

b. As the tube reaches saturation, the plate cur-
rent becomes almost unvarying with time. As a
result, the potential induced across the grid coil
decrenses, thus making the grid less positive. As
the grid potential decreases, the plate current de-
creases, and the potential induced across the grid
coil reverses in polarity. On the grid is the sum
of this induced voltage and the negative voltage
across (306, which developed during the time the
grid was positive. The more negative the grid
becomes the lower the plate current flow through
the tube; the lower the plate current the more
negative the grid becomes. This regenerative ac-
tion quickly drives the tube to cutoff. Thus, sud-
den cutting off of current through R314 produces
the steep trailing edge of the trigger.

c. After the generation of the trigger pulse, the
voltage across capacitor C306 keeps the tube cutoff.
As the capacitor discharges through resistors R312
and R313, the grid bias decreases (becomes less
negative) until it reaches the entoff level, At this
point, increasing plate current flow generates an-
other cycle and another trigger pulse is produced.
Therefore, the pulse repetition frequency is deter-
mined by the resistance-capacitance (RC) time
constant in the grid circuit. Since the time con-

stant can be varied by means of R313, this resistor
controls the pulse repetition frequency.

22. Amplifier
(fig. 14)

The trigger developed across R314 is applied
to the grid of V307B, which amplifies and inverts
the trigger. 1t also isolates tube V307TA from tube
V308 to prevent feedback. Capacitor C307 by-
passes cathode bias resistor R315.

23. Triggered Blocking Oscillator
(fig. 14)

When the amplified pulse is applied to the trig-
gered blocking oscillator, the output is a trigger
pulse with a sharper leading edge and a flatter
top. Since this stage cannot oscillate of its own
accord, its output is at exactly the same frequency
as its input.

a. Triggered blocking oscillator V308 is nor-
mally biased beyond cutoff by keeping its grid at
—5b volts. This is done by means of a voltage
divider consisting of R316 and R317 connected
across the regulated —300-volt supply. When
tube V3078 is triggered, the change in current
through the plate winding of transformer T305
induces a voltage across the grid winding that
causes the control grid of V308 to go positive.
The more positive the grid becomes, the more cur-
rent flows through the plate winding; the more
the current flowing through the plate winding, the
more positive the grid becomes, This cumulative
action quickly drives the tube to saturation.

b. As the plate current approaches saturation,
the current increases at a slower rate ; consequently
the voltage induced across the grid winding de-
creases. As the grid potential decreases, the plate
current decreases and the potential induced across
the grid winding reverses in polarity. The tube is
quickly driven to cutoff and remains cutoff by the
bias from the voltage divider until the next pulse
arrives.

¢. The output of V308 is coupled by separave
zwindings of transformer T305 to the grid of
cathode follower tube V309. Capacitor C309 fil-
ters the —300-volt supply. Capacitor C308 is an
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ac bypass across R316. Resistor R321 and capaci-
tor (311 form a plate decoupling circuit.

24. Cathode Follower
(fig. 14)

The cathode follower stage plus transformer
T306 and its associated circuitry presents an al-
most perfect impedance match between the trig-
gered blocking oscillator output and the modula-
tor input. At the same time, it prevents the occur-
rence of any undesirable oscillations that may
cause unwanted triggering.

a. The output impedance of V308 is matched to

the high input impedance of V309 by transformer
T305. The output impedance of V309, which is
determined mainly by R318, is matched by means
of transformer T306 to the input of modulator
V305. Capacitor (310 keeps de plate current
from flowing through the primary (PRI) of the
transformer.

b. Two precautions are taken to prevent unde-
sirable oscillations. First, damping resistor R319
1s placed across the primary (PRI) of transformer
T306. Secondly, the secondary of transformer
has two windings S, and S,. Energy is coupled
from S, into a third winding S, and is dissipated
by resistor R320.

Section Ill. TRANSMITTER CIRCUITS

25. Modulator Stage
(fig. 15)

The modulator, by applying high voltage nega-
tive pulses to the cathode of the magnetron, con-
trols its operation and permits rf energy to be
produced in short powerful pulses. The modu-
lator tube can therefore be compared to a high
speed switch. The pulse forming network in its
plate controls the exact time the switch is closed.

a. Modulator.

(1) While thyratron V305 is cut off, pulse
forming network 7301 charges up to
6,000 volts. The voltage reaches this high
value because resonant charging choke
1302 keeps up the momentum of charging
even after the network has charged up
to the supply voltage.

(2) When the sharp positive trigger from
T306 is applied to the grid of the 4C35
thyratron, the tube is ionized and plate
current flows. Pulse forming network
7301 now discharges through the low im-
pedance path formed by the conducting
tube and the primary of pulse trans-
former T302. Since the impedance of
the pulse transformer is the same as that
of the pulse forming network, the 6,000
volts are distributed evenly between the
two. Three thousand volts immediately
appear across the primary of pulse trans-
former T302.

(3) The pulse forming network acts like an
open-ended transmission line, The sud-
den application of a discharge path to the

network produces a wave that travels
from A to B. At B the wave sees an
infinite impedance, and it therefore is re-
flected back to A. The time it takes for
the wave to travel from A to B and back
to A (.4 microsecond in this case) de-
termines the length of time the voltage
across the primary of T302 remains at
3,000 volts. In other words, a sharp-
edged flat-topped pulse of 3,000 volt-am-
plitude and .4-microsecond duration is
produced across the primary P of T302.

(4) An oversimplified way of explaining why
the pulse forming network discharges in
such a manner as to obtain a flat-topped
output pulse is as follows. Capacitor C,
discharges through coil L,. At the same
time C, discharges through L, into C,,
thus replacing the depleted charge. Asa
result, the voltage across ¢ (and there-
fore the output voltage) remains con-
stant. In the same way, capacitor C,
discharging through I, into C, keeps the
voltage across C, constant. Until C, and
then C, discharge fully, the output volt-
age is kept constant by the full charge
across Cy. When C, is finally allowed to
discharge, the output voltage falls sud-
denly to zero and produces the steep trail-
ing edge of the output pulse.

b. Magnetron Pulse Transformer.

(1) The function of pulse transformer T302
is to step up the input pulse from 3,000
volts to 10,000 volts and to match the
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impedance of Z301 to the input im-
pedance of the magnetron. The trans-
former has a wide frequency response,
so that it passes the pulse without ma-
terially altering its shape.

Two secondary windings, S, and S,, are
wound on pulse transformer T502.
When a 3,000-volt pulse is applied to the
primary, 10,000 volts are induced across
each secondary. Since capacitor C305
keeps the lower ends of both S, and S, at
ac ground potential, points C and D are
at the same potential with reference to
ground. Therefore, the pulse does not
cause any difference of potential between
C and D. The voltage across the mag-
netron filament (between C and D) is
determined solely by filament trans-
former T303. Therefore, by using two
secondaries in pulse transformer T302,
filament transformer T303 does not have
to be insulated for 10,000 volts but may
be a conventional transformer.

26. Spark Gaps
(fig. 1)

Two spark gaps,

(2)

0301 and EB802, are con-
nected one across either side of pulse forming
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network Z301. Their purpose is to protect reso-
nant charging choke 1302, pulse forming network
Z301, and magnetron pulse transformer T302
from heavy overloads caused by fluctuation of the
ship’s supply voltage. They also protect modu-
lator high-voltage transformer T801 and filter
choke L1301 in the modulator power supply (fig

86). The extra power developed during these
overloads is dissipated across the .036-inch gap
across K301, and the .072-inch gap across E302..

rather than through the foregoing parts.

27. Magnetron
(figs. 16 and 17)

a. Magnetron V306 is a 725A tube. It is essen-
tially a diode mounted between the poles of &
powerful permanent magnet. The anode cons
sists of 12 hole-and-slot resonators that are
coupled together by double ring straps, During
manufacture the magnetron is pre-tuned, an out:
put loop is placed over the hole of one of the

resonators, and a matched coaxial-to-wave guideé
(For a detailed discussion

junction is built in.
of magnetrons, refer to TM 11-673, Generation
and Transmission of Microwave Energy.)

b. The magnetron plate is at ground potential:
Application of the 10,000-volt negative pulse from
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Figure 16, Magnetron T25A.

pulse transformer T302 (fig. 15) to the magnetron
cathode produces a strong electric field across the
diode. Electrons, emitted by the filament, travel
in near-circular paths determined by this electric
field as well as the magnetic field, which is per-
pendicular to the electric field. The number of
times per second the electrons travel near-cireular
paths determines the frequency of the generated
electromagnetic waves. The magnetron oscillates
for 4 microsecond, as determined by the length of
the pulse applied to the cathode.

¢. While the magnetron oscillates, cathode cur-
rent flows through coil 1304 and resistor R322.
When test meter switch S401 is placed in the
MAG. I position, test meter M401 is connected
across resistor R322 and indicates the magnetron
current. L1304 and C305 prevent rf energy from
entering the meter.

d. When the POWER switch in the indicator
is turned on, full filament voltage of 6.3 volts is
applied to the magnetron filament. After a delay
of 3 minutes, relay K302 (fig. 86) operates and
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Figure 17. Magnetron T25A, cut-away view.

causes the magnetron filament voltage to be re-
duced to 4.5 volts. The high voltage rectifiers
operate at the same time. The higher filament
voltage, 6.3 volts, is required at first to heat the
magnetron filament before the application of high

24

voltage; the lower magnetron filament voltage, 45
volts, is used for proper magnetron operation after
high voltage has been applied. Refer to para-
graph 94 for a complete discussion of the modu-
lator power supply.



CHAPTER 3
RF SYSTEM

Section |. INTRODUCTION

28. General

a. The rf system receives pulses of microwave
energy from the transmitting system and trans-
mits these pulses to free space via the duplexer,
wave guides and the antenna. The antenna radi-
ates into space a highly directional beam of micro-
wave energy that scans through an azimuth range
of 360°. When this energy intercepts a target, a
small portion is reflected back to the antenna and
is conducted via wave guides and the duplexer to
the receiving system.

b. The duplexer, which contains the TR and
anti-TR tubes, is mounted in the upper right hand
corner of the receiver-transmitter (fig. 18). Itis
directly attached to the magnetron in the trans-
mitting system and to the mixer in the receiving
system. The antenna is connected to the duplexer
by a wave guide run between the antenna and the
flange at the end of the duplexer.

¢. The antenna (figs. 19 and 20) includes the
rotating mounting base, the antenna drive motor,
and the rotating joint. The horn and reflector,
which are bolted to the rotating mounting base,
radiate the microwave energy. The antenna drive
motor and rotating joint cause the rotating mount-
ing base to rotate through an azimuth range of
360°. The transmitter synchro is also mounted
inside the antenna pedestal.

d. A PHONES jack for communicating with a

man at the indicator location is included in the
antenna.

29. Block Diagram
(fig. 21)

The parts of the rf system are the wave guides,
Duplexer CU-31 1/SPN-11, and Antenna AS-
590/SPN-11.

a. Wave Guides. The wave guides (fig. 22)
connect the duplexer with the antenna.

b. Duplewer CU-311/SPN-11. The duplexer
permits the use of a single antenna for both trans-

mission and reception. Its components are listed
below.

(1) 7R tube. The TR tube automatically
prevents energy from entering the re-
ceiving system when microwave energy is
being radiated.

(2) Anti-Tr tube. The anti-Tr tube prevents
received energy from entering the trans-
mitting system and being dissipated in
the magnetron when microwave energy is
being received.

(3) Attenuator. The attenuator is a hole in
the duplexer through which a small
amount of the transmitted energy is fed
to the afc crystal in the mixer,

¢. Antenna AS-599/SPN-11. The antenna is
composed of the following.

(1) Antenna horn. The antenna horn radi-
ates and receives microwave energy.

(2) Antenna reflector, The reflector directs
the energy into a narrow beam. It also
receives energy and focuses it onto the
antenna horn.

(3) Suppressor. The suppressor reduces the
energy fed by the side lobes of the radi-
ated beam.

(4) Fived joint assembly. This assembly
couples the energy from the horizontal
wave guide to the vertical wave guide
with a minimum loss of energy.

(5) Rotating joint assembly. The rotating
joint permits the transfer of microwave
energy from the fixed joint assembly to
the rotating joint assembly ; from here it
goes to the antenna horn and reflector.

(6) Antenna drive motor. The antenna drive
motor rotates the rotating joint assembly
and the horn and reflector through a
complete azimuth scan at the rate of 17
rpm. The antenna drive motor as well
as the thermostat and heaters are dis-
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cussed more fully in the power system cuits, the transmitter synchro is dis-
(par. 90).

cussed more fully in the synchronizing
(7) Transmitter synchro. The transmitter and indicating system (par. 80).
synchro is geared to the antenna drive d. Keep-Alive (—=900-volt) Power Suppl
motor and produces a signal that makes  The TR tube requires a voltage that is obtain
the sweep on the PPI rotz te in synchro- from the keep-alive power supply. The keep-alive
nism with the antenna horn and reflector, power supply is diseussed more fully in the power
Since it is part of the synchronizing cir-

system (par. 93).
Section Il. RF TRANSMISSION CIRCUITS
30. Wave Guides

a. Nature of Radiation. Rf energy, like all
electromagnetic energy, is propagated in the form

of waves. These waves have crests and troughs
where the electric field intensity is maximum I &

positive and negative direction, respectively (A,
30
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Figure 23, Electric waves on weave guide,

fig. 23). The successive crests and troughs lie in
parallel planes that move through space with the
speed of light. Wave length is the measure of dis-
tance between successive crests or troughs.

b. Reflection. Consider these successive waves

of energy striking a flat reflecting surface such as
the side of a section of rectangular wave guide (B
and C, fig. 23). At the points of reflection, the
field intensity of the waves passes through zero,
and the reflected waves undergo a phase reversal
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so that the incident crests become reflected troughs
(D and E, fig. 23) and the incident troughs become
reflected crests.

¢. Intersection of Reflected and Incident W awes.
The reflected crests and troughs intersect the in-
cident crests and troughs along lines parallel to the
reflecting surface. At the intersection of two
troughs, the intensity is twice that of a single inci-
dent or reflected crest or trough (F, fig. 23).
Where a crest and trough intersect, the intensity is
zero. The distance between the reflecting surface
and the regions of double amplitude depends on
the wave length and the angle at which the waves
strike and reflect from the surface. As the inci-
dent and reflect waves progress, their points of
intersection move parallel to the reflecting surface.

d. Double Reflection. If another reflecting sur-
face were placed parallel to the first, the energy
could be confined to a relatively narrow space,
dimensions of which would be determined by the
points of intersection. The row of intersections
nearest the first (original) reflecting surface has
double intensity. The second row of intersections
of crests with troughs has zero intensity. The
second reflecting surface actually is placed along
this latter row (G, fig. 23). The resulting wave
pattern (H, fig. 23) consists of zero electric field
intensity at both reflecting surfaces and of double
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Figure 24. Electric and magnetic field intengity in wave
guide.

TM 1535-583
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intensity at points midway between the reflecting
planes,

e. Wave Guide Electromagnetic Fields. The
mode of transmission described above is known
as the TE,,, mode. A, figure 24 shows a eross-
section of the guide and the electric and magnetic
fields. The electric field is most intense at the
center and diminishes toward the sides. One-half
of a wave length down the guide from a region
of maximum intensity the field is again maximum
but of opposite polarity (B, fig. 24). The mag-
netic field, at right angles to the electric field,
forms closed loops lying in a plane at right angles
to the narrow sides of the guide (C, fig. 24).
Figure 25 is a cross section of a wave guide show-
ing wave propagation.
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Figure 25.

Wave propagation in wave guide.

f. Limits of Distance Between Reflecting Sut
faces. The distance between successive interset=
tions of incident and reflected crests is known 88
the guide wave length (H, fig. 23) and is greater
than that of a wave length in free space becausé
of the limits set by the reflecting surfaces.
guide wave length increases as the reflecting sur=
faces are moved closer together, because the angle
of incidence must decrease to maintain the double.
intensity intersections at the center. When the
distance between surfaces is equal to a half wave
length in free space, the angle of incidence is zero
and the wave gutde wave length is infinite. Thls
is the minimum permissible separation of reflect-
ing surfaces to have the wave propagate in the
TE,,, mode. |

g. Guide Dimensions in Radar Set AN/SPN=
71(*). In the hollow rectangular wave guide ‘
used with this radar set, the two reflecting sur
faces are the narrow sides (b) of the wave guide. :
The distance (a) between these planes must be, for'
3.2-centimeter (cm) operation, greater than 16



em. The actual dimension is 2.29 cm. The dis-
tance (b) between the other two sides of the wave
guide is made less than one-half wave length
in space so that modes other than the TE,,, mode
will not be propagated. The actual distance is
1.02 em.

h. Energy Transmission. 1f a suitable means
of introducing and removing energy from the
wage guide is provided, attenuation is small. The
metal sides shield the magnetic field from the out-
side of the wave guide. Current flow caused by
the magnetic field is confined to a layer of metal
only a few hundred-thousandths of an inch thick
on the inner surface of the wave guide. Hence,
all of the energy is confined within the wave
guide. The only losses are heat due to the re-
sistance of the current-carrying layer and reflec-
tions due to mismatch in the wave guide. To
reduce the heat loss, the inner surface of the wave
guide is made corrosion resistant to decrease the
resistance of the current-carrying layer.

i. Cutoff Frequency. A wave guide acts like a
high pass filter : it does not pass frequencies below
a certain cutoff frequency. The cutoff frequency
has a wave length in free space twice the width
(a) of the wave guide. In order that a wave
guide may transmit energy of a given wave length,
its width must be more than one-half the wave
length of the energy to be transmitted. The wave
fronts in a wave guide when the frequency is well
above cutoff is shown in A, figure 26. Note that
the width of the wave guide is considerably larger
than one-half wave length in free space, and that
the angle that the wave fronts make with the wave
guide axis is large. In B, figure 26, the same
width of the wave guide is only slightly more than
one-half wave length when the frequency is near
cutoff. The angle that the wave front makes with
the axis of the wave guide is small, and therefore
the angle of reflection also is small. The wave
length within the wave guide then becomes large,
and the wave fronts travel down the wave guide
nearly parallel to the side walls. Most of the
energy in the wave front is absorbed in the side
walls and, at the cutoff frequency, all the energy
is absorbed.

j. Current Flow. A current, produced by the
magnetic field of the wave, flows through the wave
guide. This current circulates around the wave
guide as shown in A, figure 27. A narrow slit may
be cut along the top or bottom of the wave guide
without disturbing or causing reflection of the
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traveling energy, because the potential across the
slot is zero. For the same reason, a slot may be
cut along the width of the narrow side (B, fig. 2
Any other type of cut, such as a circular hole on the
narrow side, permits energy to be removed from
the wave guide, because a potential difference
exists across this type of opening.

k. Choke Joints. Choke joints are designed for
easy assembly and disassembly of lengths of wave
guide without a high loss of energy. They are
used wherever two sections of wave guide are
coupled, or where some part, such as a magnetron,
is mounted to the wave guide. The two halves of
a choke joint are shown in A, figure 28. One of
the flanges contains a circular groove one-fourth
wave length deep at a distance of one-fourth wave
length from the inner surface of the wave guide.
A cross-section of the joint is shown in B, figure 28.
The L-shaped cavity (fig. 29) is similar to a 14-
wave length transmission line shorted at the far
end. Current and voltage are so distributed along
a transmission line that a short looks like a very
high impedance at a distance of a one-fourth wave
length from it. At a distance of one-fourth wave
length, the line appears shorted (fig. 29). At the
point where the flange bolts establish conta ct, the
choke joint represents a high impedance that
matches the high line impedance. Hence, to
PLAIN FLANGE

CHOKE FLANGE

B. CROSS SECT CHOK
PN O TN TM1535-405

Figure 28, Choke joint.

T

{

energy traveling down the guide, no discontinuity
is apparent, and no reflections are set up. It is
as though the inner surface of the wave gui
remained unbroken even though the two seecti

of the guide are connected together by means of a
choke joint. \
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Figure 29. Theory of operation of choke joi

I. Wave Guide Bends. Sometimes benc
wave guide are necessary so that proper
tions can be made between the wave guide
associated components. Such bends in recta
lar guides should be gradual so that only m
reflection will result. _

m. Typical Wave Guide Run. Figure 30
a typical wave guide run from the receiver-t
mitter to the antenna,

31. Duplexer

The duplexer is a wave guide that is
conneet the transmitting system and the
system to the same antenna. To prevent It
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Figure 30. Typical wave guide run from receiver-transmitter to antenna.
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Figure 31.

action between the systems, the TR tube ancl the
anti-TR tube are placed at a distance of one-
fourth wave length from the main line of the
duplexer (fig. 31). These tubes present either a
very high impedance or a short circuit to the
transmitted or received signal and control the

impedance along the wave guide, thus controlling
the signal path,

32. TR and Anti-TR Tubes

a. Simple TR Switch. A simple type of TR
switch may be a spark gap. The power from the
transmitter circuits builds up a voltage across the
spark gap until the gap breaks down and effec-
tively shorts the receiving system input. The
energy of returning echoes is not sufficient to fire
the gap and, if the reflected impedance of the
magnetron is made high at the gap, most of the
received energy of the returning echoes will go to
the receiving system.

b. Drawbacks of Simple TR Swith. Not all
of the transmitted power goes to the antenna. At
the beginning of the pulse, there is a short interval
before the gap fires; during this interval, a short
!)urst of power, called a spike, flows into the receiv-
g system. This spike shortens the life of the
crystal in the mixer. During the remainder of
the pulse, the impedance of the gap is low but
1S not zero, since there must be a voltage drop
across the arc. Thus, there is an additional Zeak-
age power flowing into the receiving system. A
minimum of spike and leakage power is obviously
desirable,

¢. Reducing the Spike. Several methods may
be used to reduce the amplitude and duration of
the spike.

(1) To fire at lower voltage, the gap maay be
operated at greatly reduced pressure in a
sealed glass or metal container.
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TR TUNING SCREW
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Duplexer CU-311/8PN-11.

(2) At the time the voltage is applied to the:
electrodes of the TR switch, at least §
few ions are required to start the dis
charge. If no ions are present, the volt.
age must rise to a very high value to pro-
duce ions by electron bombardment of the
atoms in the gas. The resulting spike
may be reduced by furnishing a constant
supply of ions. This may be done in
two ways:

(@) A radioactive salt is applied to one of
the electrodes, and a keep-alive voltage
is maintained between one of the gap
electrodes and a third electrode. The
radioactive material emits a steady
stream of ions to help start conduction.
The keep-alive voltage maintains a
constant low-current discharge.

(b) The time for firing the gap may also
be shortened by the use of a step-up
transformer. This steps up the voltage
and fires the gap while the incoming
voltage is still relatively low. To de-
crease the likelihood of damaging the
erystal, another transformer is used to
step down the arc voltage before the
voltage is applied to the crystal in the
mixer,

d. Reducing Leakage Power. The leakage
power is proportional to the square of the are -
voltage. The use of low pressure around the gap
reduces the gap voltage and hence the loss. The
step-up and step-down transformers cause the ef-
fective voltage, as seen from the wave guide or the
receiving system, to appear still lower, and further
reduce the leakage power.

e. Cavity-T'ype TR Tube.

(1) The microwave TR tube (fig. 32) con-
sists of a resonant cavity that contains &
spark gap. Energy is coupled into and
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out of the cavity through openings cov-
ered with small disks of glass (windows)
in opposite sides of the cavity. The step-
up and step-down ratios are related to
the size of the openings; the step-up ratio
is higher as the size of the openings is
reduced. The gap electrodes are inserted
into the top and bottom of the resonant
cavity. The hollow lower electrode cone
is fixed, but the upper electrode cone can
be made to move up and down by means
of the TR tuning screw. The resonant
cavity is connected to the gas reservoir
through a small port in the lower cone
from which hydrogen and water vapor
flow into the cavity to replace absorbed
gas. The keep-alive electrode, inserted
into the hollow lower electrode, obtains
its —900 volts through a cap at the lower
end of the reservoir.

The resonant cavity of the TR tube acts
like a tuned circuit at the operating fre-
quency. During transmission, the high
potential applied to the tube breaks down
the gap, effectively placing a short-cir-
cuit across the duplexer. At the end of
the transmitted pulse, the arc is ex-
tinguished and echo signal energy is
allowed to enter the receiving system.
The TR tuning adjustment consists of
two concentrio screws. The inner and
outer threads of the screws differ slightly
in the number of threads per inch. The
thread ratio of the two screws causes the
inner screw to move down and the elec-
trode to move a distance equal to the
difference in travel of the two screws.
The total tuning range of the switch in
wave lengths is 3.1 to 8.5 em. When the
electrodes are moved closer together, the
equivalent capacity is increased and,
therefore, the frequency is lowered.
When the electrodes are moved farther
apart, the equivalent capacity is decreased
and the frequency is raised.

The negative keep-alive voltage main-
tains a continuous discharge between the
keep-alive electrode and the hollow cone.
Some of the ions formed by this discharge
enter the space between the cones and
cause the gap to break down more readily
when a microwave pulse is applied. The

SET SCREW

KEEP-ALIVE
ELECTRODE

glass boot around the electrode causes the
keep-alive discharge to be concentrated
in. the region nearest the gap. To pro-
tect the signal crystal in the mixer during
the warmup period, the keep-alive voltage
is applied 3 minutes before the main rf
power is turned on. (A complete dis-
cussion of the keep-alive power supply
can be found in the power system chapter
(par. 93).)

A certain period of time—recovery
time—is required for the ions to become
neutralized after a pulse has fired the
gap. During this recovery period, there
is a loss in signal strength because a con-
siderable portion of the signal energy is
absorbed by the ions. A new TR tube
has a recovery time of 1 to 2 microseconds
during which the loss is approximately
one-half the signal power.

TR TUNING SCREW

DIAPHRAGM

RESONANT
CAVITY

FIXED MOLLOW
CONE ELECTRODE

wi

GAS
RESERVOIR

KEEP-ALIVE VOLTAGE (-900V) CAP MLOELLECL)
Figure 32. TR tube.

f. Anti-TR Tube.
(1) If the output impedance of the mag-

netron were always fixed, it would be a
relatively simple matter to divert all re-
ceived signals to the TR tube and from
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there to the mixer. The length of the
wave guide from the magnetron to the
TR tube could be adjusted so that the
magnetron would present a high im-
pedance to the signal, and most of the
signal energy would flow through the
lower resistance path of the receiving sys-
tem. However, the magnetron imped-
ance varies over a wide range and, there-
fore, an anti-TR tube (fig. 33) is neces-
sary to establish the proper impedance
to control the signal path.

(2) Anti-TR tube V201 is a gas tube that
does not use a keep-alive electrode and
is untuned. The loaded Q of the cavity
is made very low by a large window at
one end. The cavity is placed in series
with the line from the transmitter cir-
cuits by substituting the face of the tube
containing the window for a portion of
the broad side of the wave guide. Dur-
ing transmission, breakdown takes place
across the inner face of the window.
During reception of returning echoes, not
enough energy is present to cause the
anti-TR tube to break down.

ANTI-TR
MOUNTING PLATE
ANTI-
TUBEJERCQ ANTI=TR
GASKETS (2)
WINDOW 4
TMI535-403

Figure 33. Anti-TR tube and mount.

33. Equivalent Circuit of Duplexer

@. The duplexer can be compared to a transmis-
sion line. (See TM 11-673, Generation and
Transmission of Microwave Energy.) The TR
tube, which is connected to the narrow side of the
duplexer, is effectively in parallel with the equiva-
lent transmission line. The anti-TR tube, which
is connected to the broad side of the duplexer, is
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effectively in series with the equivalent transmis-
sion line. The complete equivalent circuit of the
duplexer is shown in A of figure 34.

b. When the magnetron fires, the high rf energy
flowing down the duplexer causes the TR and anti-
TR tubes to fire as shown in B of figure 34. The
short at the TR tube causes the line between it and
the main body of the duplexer to act as a one-
fourth wave length, short-circuited stub. No
energy is diverted to the receiving system. Ag
the same time, the short across the anti-TR tube
effectively makes the transmission line solid at
that point. Practically all the energy from the
transmitter cireunits travels down the line to the
antenna.

¢. During the time the magnetron is not firing
and echoes are being received by the antenna,
neither the TR nor the anti-TR tubes receives
enough energy to fire. The TR and anti-TR
tubes are open as shown in C of figure 34. The
open at the anti-TR tube effectively opens up the
line at that point. This open is reflected as a
similar open three half-wave lengths back. The
received energy is thus prevented from going
down to the transmitter cirenits, but is deflected
through the TR tube to the receiving system.

34. Antenna Wave Guide Assemblies
(figs. 35, 36, and 37)

Microwave energy is coupled from the wave
guide run to the wave guide flange in the back of
the antenna pedestal. Inside the pedestal, the
energy is coupled from a fixed joint assembly to &
rotating joint assembly to which is attached the
antenna horn.

a. Fized Joint Assembly. The stationary réc-
tangular wave guide is clamped to the gear hous-
ing of the antenna pedestal. The round st&-
tionary section extends through a vertical hollow
shaft (not shown in fig. 35). :

b. Rotating Joint Assembly. Attached to the
hollow shaft and above it is the rotating mounting.
base to which are bolted the antenna horn &Ild
reflector. The vertical hollow shaft, and thus the:
whole assembly, is made to rotate by the antenna
drive motor through gearing assemblies. (See
pars. 231 through 237 for a discussion of the gears
ing assemblies.)
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o. Coupling Energy Between Assemblies.

(1) Energy is applied fmm the recta-n.gular
wave guide to the circular wave guide of
the fixed joint assembly. From the fixed
joint assembly, the energy is coupled to
the circular wave guide of the rotating
joint assembly, and from this circular
wave guide back to a rectangular wave
guide that feeds the energy to the an-
tenna horn.

(2) In the rectangular wave guide, the
energy is propagated in the TE ,, mode
and in the circular wave guide, in the
T™M ,, mode. In the TE ,, mode, the
electric field is parallel to the narrow
sides of the wave guide. In the TM ,,
mode, the electric field is parallel to the
axis of the wave guide. By properly
placing a mode matching block at the
bottom of the circular wave guide, the
electric field can be made to change to
the configuration required for the TM ,,,
mode (fig. 36). Another mode matching
block at the top of the circular wave guide
serves to change the electric field to the
proper configuration required for the
TE ,,, mode.
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d. Impedance Matching. To match the imped~
ance between the rectangular and circular sections
of the fixed joint assembly, an impedance matehs
ing block is placed as shown. A similar matching
block is placed in the rotating joint assembly. In
addition, a choke joint is made between the fixed
and rotating sections.

35. Antenna Horn

The antenna horn is a flared wave guide, an
electromagnetic directing device similar to an
acoustic horn. However, the throat of an acolstin
horn usually has dimensions much smaller than
the sound wave lengths for which it is
the throat of the electromagnetic horn
gions that are in the order of magni
wave length being used. The horn
wave guide impedance to the imped
space in order to radiate

used, while
has dimen-
tude of the
matches the

: ance of freg
& MAXIMUM. am oy of
energy intospace. A plastic cover over the Mouth
of the horn keeps out moisture which would other-

wise attenuate the radiated energy.

36. Antenna Reflector

a@. The antenna reflector is designed to direct
radiation at the frequency employed by Radar Set
AN/SPN-11. The reflector is made of uniformly
spucaq, parallel metal tubes. This type of con-
struction provides good reflecting properties and
reduces weight and wind resistance, However,

because of the comparatively small spacing be-

tween successive reflector bars, g very small

amount of energy is lost through leakage. The
mouth of the horn is adjusted to the focal point
of the reflector for maximum directivity of the
beam. ;

b. Bearing resolution, or the ability of the radar
to separate two closely spaced targets at the same
range, depends mainly on the horizontal beam
width, which is approximately 2°.

37. Suppressor

Although the reflector directs most of the energy
in one narrow beam, a small amount of energy iS
used up in short range secondary beams called side
lobes. These side lobes have a short range. Never-
theless, they may reflect from nearby objects and
cause false echoes to appear on the PPI. To mini-
mize the effect of side lobes, a suppressor is
mounted in front of the horn window.



Section lll. MISCELLANEOUS CIRCUITS IN ANTENNA

38. Antenna Drive Motor

The antenna drive motor is powered by the line
voltage of the ship. Through a gearing system,
it rotates the antenna horn at 17 rpm. The method
of applying power to the antenna drive motor is
diseussed in the power system chapter (par. 90).

39. Transmitter Synchro

The rotor of the transmitter synchro is coupled
mechanically to the antenna drive shaft at a step-
up ratio of 1:100. Therefore, when the antenna
horn is rotating at its normal speed of 17 revolu-
tions per minute (rpm), the transmitter synchro
rotor rotates at 170 rpm. The stators of the trans-
mitter synchro are connected electrically to the
stators of the receiver synchro in the synchroniz-
ing and indicating system. By means of the 10:1
step-down gearing between the receiver synchro
rotor and the PPI deflection coil, the deflection coil
is made to rotate at the same speed as the antenna
horn and reflector. Transmitter and receiver
synchros are discussed in the synchronizing and
indicating system chapter (par. 80).

40. Heading Flash and Synchro Alinement
Cam Switches

The synchro alinement and the heading flash
cam switches are clamped to the antenna drive
shaft and rotate at the same speed as the antenna
horn and reflector. The alinement cam switch in
the antenna is normally closed for 330° of antenna
horn rotation and may be used in conjunction with
the alinement cam switch located in the indicator,
to aline the synchros. The heading flash cam
switch actuates the heading flash cireuit located in
the indicator to give fore and aft heading flash
signals on the PPI. These circuits are discussed
more fully in the synchronizing and indicating
system chapter (par. 81 and 82).

41. Heaters and Thermostat

The antenna gearing system, which is contained
in the gear housing of the antenna pedestal, is sub-
merged in oil. The oil is kept at a constant tem-
perature by means of heaters and a thermostat.
These circuits are discussed in the power system
chapter (par. 90).
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Figure 38. Phone circuit, schematic,

42. Phone Circuit
(fig. 38)

PHONES jack J501 is located in the antenna,
PHONES jack J803 is located on the receiver-
transmitter, and PHONES jack J104 is located in
the indicator. A battery-powered handset may
be used at either the indicator or receiver-trans-

mitter location to effect telephone communication
with the antenna location.
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CHAPTER 4
RECEIVING SYSTEM

Section |. INTRODUCTION

43. General
(fig. 39)

a. The receiving system is essentially a highly
sensitive superheterodyne receiver that is designed
to mix the rf echo signal with the output of a local
oscillator; to amplify and detect the resultant if.
signal; and to couple the video output to the
synchronizing and indicating system for presenta-
tion on the PPI. Afc circuits are provided to
control the local oscillator frequency so that the
intermediate frequency can be maintained con-
stant at 30 me. Ste circuits control the gain of
the signal circuits.

b. Radar Receiver R—480/SPN-11 is mounted
on the front of the hinged panel of the receiver-
transmitter. Frequency Mixer Stage CV-239/
SPN-11, which contains the signal crystal, the
afc crystal, and the klystron local oscillator, is
mounted on the front portion of the receiver chas-
sis. Receiver power (with the exception of fila-
ment power) is obtained from the low-voltage
power supplies on the front of the hinged panel.
The receiver filament transformer is located in
the receiver chassis,

44. Block Diagram
(fig. 40)

The receiving system consists basically of four
sections: the mixer circuits, the afe circuits, the
signal circuits, and the ste cireuits.

a. Miwer (livcuits.

(1) Klystron local oscillator. Local oscilla-
tor V203 is a klystron that generates a
frequency 30 me above the magnetron fre-
quency.

(2) Signal erystal. Signal erystal CR201,
which is a type IN23B crystal diode,
mixes the incoming echo signal with the
klystron output to obtain an if. of 30 me.
This output is fed to the signal circuits.

(3) Afec erystal. Afc crystal CR202, whose
construction is identical with that of crys-

tal CR201, mixes a portion of the
radiated energy with the klystron output
to obtain and if. of 30 me. This output
is fed to the afe cireuits.

(4) Crystal current meter. Meter M201 in-
dicates the dc current flowing through

the signal crystal or through the afe
crystal.

b. Afe Cireuits.

(1) Afeif. amplifiers. Tubes V213 and V214
amplify the intermediate frequency
signal.

(2) Afe diseriminator. Discriminator V215
provides negative output pulses when the
if. is above the proper frequency, positive
pulses when the if. is below the required
point, and no pulses when the if. is at
the proper frequency.

(3) Afe pulse amplifier, charging diode and
phantastron. The discriminator pulses
are amplified and inverted in afe pulse
amplifier V216, These pulses, when ap-
plied to phantastron V218, keep the if.
centered about the correct value of 30
me. Charging diode V217 aids in con-
trolling the action of the phantastron.

e. Signal Cirewits.

(1) If.amplifiers. There are seven if. stages.
The 80 me if. output of the signal crystal
is applied to a cascode amplifier consist-
ing of V204 and V205. The remaining
if. stages are V206 through V210.

(2) Video detector and cathode follower.
The output of the last if. stage is applied
to video detector V211. This stage re-
moves the if. component from the echo
signal. The resultant video pulse is ap-
plied to cathode follower V212. The low
output impedance matches the 75 ohms
coaxial cable that conducts the video sig-
nals to the video circuits in the synchro-
nizing and indicating system.
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d. Ste Circuits. Stc generator V219A is trig-
gered at the same time the magnmetron is fired.
The ste signal is fed through ste cathode follower

V219B to if. amplifiers V207 and V208. The feed.
back pulse reduces the if. gain at the beginning of
the PPI sweep, thus suppressing sea return,

Section Il. MIXER CIRCUITS

45, Mixer

The mixer consists of the klystron local oscil-
lator, the afc and signal crystals, and the mixer
cavities. Both erystal circuits convert signals at
the frequency of the transmitted pulse to if. sig-
nals at 30 me.

a. Signal Crystal.

(1) Signal erystal CR201 is a small silicon
crystal in contact with a sharply pointed
flexible tungsten whisker (fig. 41). The
entire unit is sealed and mounted hori-
zontally inside the signal crystal cavity
of the mixer. The upper end of the crys-
tal is grounded to the cavity; the lower
end plugs into a coaxial connector.

(2) The echo signals enter the signal crystal
cavity through the TR tube. The kly-
stron local oscillator output, which is 30
me above the echo signal frequency, en-
ters the signal crystal cavity through the
coupling window between the oscillator
cavity and the signal erystal cavity. The
degree of coupling between the klystron
local oscillator and the signal erystal cav-
ity can be varied by means of adjustment
(A, fig. 44). The difference frequency
between the echo signal and the klystron
local oscillator output is detected by sig-
nal erystal CR201 and fed through the
coaxial connector to the input of the cas-
code if. amplified (V204, V205),

b. Afe Crystal.

(1) Afe cerystal CR202 is similar to CR201
and is mounted in the afc crystal cavity
in the same manner as the signal crystal,

(2) The transmitted signal is coupled
through a hole in the duplexer to the afc
crystal cavity, The hole attenuates the
high powered signal by 70 decibels (db).
The klystron local oscillator output,
which is 30 mc above the magnetron
frequency, enters the afe crystal cavity
through the coupling window between
the oscillator cavity and the afc crystal
cavity. The degree of coupling between
the klystron local oscillator and the afe
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crystal cavity can be varied by means of
adjustment (B, fig. 44). The difference
frequency between the magnetron outpul
and the klystron local oscillator outpul
is detected by afe erystal CR202 and feqd
through the coaxial connector to the grid
of aft if. amplifier V213,

CERAMIC CASE

CRYSTAL

¥ TUNGSTEN WHISKER

PIN END
T™ 1501-43
COrystal diode IN23B, construction.

AP A

Figure §1.

46. Klystron Local Oscillator
(fig. 42)

a. C'onstruction. Klystron oscillator V203 ma
tube consisting of an electron gun, a control grid,
a resonant cavity, two bunching grids, and & re
flector plate. A cavity tuning strut around t'J.JE
top of the tube deforms the cavity and thus varnes
the point of resonance, Coupling between F‘.“"
tube and the mixer is made through a coaxial line
that extends through the base of the tube. -5
coupling loop at one end of the inner coaxial line
picks up rf energy from the tube; the other ent}'ﬂf
the coaxial line extends a quarter-wave length nto
the oscillator cavity in the mixer. %

b. General Operation. The control grid, which
is maintained at +300 volts, accelerates cath?da
electrons into the area between the bunching grids
After passing through the cavity grids, the Blﬁ@‘_
trons are repelled by the negative reflector voltagt



to the cavity grids. If the phase of the electron
current. returning to the bunching grids is such
that energy is given to the cavity, eavity oscilla-
tions will be reinforced.
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4 CAVITY
+300V
REG
CATHODE
COAXIAL 6.3V
LINE OUTPUT
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PROBE
A. EXTERIOR VIEW B. SCHEMATIC

TM I535~-150
Pigure 42. Klystron local oscillator, construction.
¢. Bunching. Since the bunching grids are at-
tached to the cavity, the electric field about the
grids varies at the same frequency as the cavity
(1, fig. 43). The effect upon an electron shot
through the bunching grids depends on the arrival
time of the electron with reference to the varying
field about the bunching grids.

Note. The graph in figure 43 is not drawn in terms of'
voltage, but in terms of the effect of the fleld upon an
electron: a positive variation on the graph indicates the
field is in such a direction as to accelerate an electron
upward ; a negative variation indicates the field is in such
a direction as to aceelerate an electron downward,

(1) An electron arriving at the grids when
the field is changing from an upward ac-
celerating field to an upward decelerat-
ing one (point a) is unaffected by the
bunching grids. The electron continues
until it is repelled by the negative reflec-
tor voltage and returns to the grids when
the field about them is as shown at
point x.

(2) An electron reaching the grids is re-
tarded when the field is as shown at point
b. Consequently, it does not travel as far
as the first electron before being repelled
by the reflector field. But since it starts
out. after the previous electron, both
reach point x simultaneously.

(3) An electron arriving at the grids is ac-
celerated when the field is as shown at

point ¢. As a result, it travels a greater
distance upward before being repelled
by the reflector field. But since it starts
out after the first electron, both reach
point x simultaneously.

(4) Thus electrons are bunched. Optimum
performance of the oscillator is ma.in-
tained when the bunched electrons arrive
at the bunching grids at the time the field
offers the greatest retarding force (point
x). Since decelerating electrons give up
energy, the oscillations of the cavity are
sustained.

d. Modes of Operation. The relative phase of
the bunched current and the voltage across the
bunching grids is controlled by the reflector
voltage. Changing this voltage varies the time
spent by the electrons in the field and therefore
the point at which the bunches return to the
buncher grids. Instead of being made to return
at point x, the reflector voltage can be adjusted
so that the bunches return any number of cycles
later (point x’, x”’, and so forth). Thus the re-
flector voltage controls the mode of operation.

e. Tuning. Tuning may be controlled eitl!er
by the turning cavity tuning strut, which varies
the size of the cavity, or by changing the reflector
voltage. The latter can be done manually or

/N
=
LA

IR

ACCELERATES

ELECTRONS DOWNWARD 5 ELECTRONS UPWARD

€ a b

ACCELERATES

T™ 1535-510

Figure §3. Operating characteristics of klystron
oscillator,

(1) Manual tuning is obtained by varying
REFLECTOR TUNING control R250
(fig. 48) which is across the minus 300-
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volt supply. Switch 8202 should be at
the MAN. TUNE position.

(2) With switch S202 at the AFC OPERA-
TION position, the output of the afc
phantastron, V218, is coupled to the re-
flector maintaining the oscillator output
frequency at exactly 30 me.

47. Crystal Current Meter
(fig. 44)
CRYSTAL CURRENT meter M201, which is
a 0 to 1 milliampere (ma) de meter located in the
center of the receiver chassis, measures either sig-
nal or afe crystal current, depending on the posi-
tion of switch S201. This meter, therefore, en-

Section |II.

48. General

a. Automatic frequency control is used to obtain
a difference between the magnetron frequency and
the kllystron local oscillator frequency that is ap-
proximately constant and equal to the if. of 30 mc.
Afcis necessary because variations in the standing-
wave ratio arising from an asymmetrical rotating
jomnt or reflections from nearby objects can pull
the magnetron off frequency. Also, the magne-
tron and klystron local oscillator do not hold con-
stant frequency after several hours of operation,
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ables the operator to check quickly the condition
of the mixer circuits.

a. Signal Crystal Current. With switch S201
in the SIGNAL XTAL I PUSH (depressed‘-)
position, the output of signal crystal CR201 is
filtered of ac components by 1230, 1215, 223,
and (224 and fed to meter M201. The meter thus
reads only de. Resistor R255 limits the current.

b. Afe Crystal Current. With switeh S201 In
the AFC XTAL I (normal) position, the output
of afe erystal CR202 is filtered of ac components
by 1216 and (225 and fed to meter M201. The
meter thus reads the dec component of the afe
crystal current. When the de current of either
erystal is being measured, the dc current of the
other crystal is run to ground.

AFC CIRCUITS

nor do they vary together. Variations in voltage
and temperature produce frequency changes.

b. A phantastron circuit produces a sweep volt-
age, which, when applied to the reflector of the
klystron local oscillator, makes the output fre-
quency of that tube vary from a low to a hiqh
value. In the mixer, this varying frequency 1S
combined with the magnetron frequency to pro-
duce an if. That varies from a value below 30
me to a value above 30 me.



¢. An if. below 30 me, when applied to the dis-
criminator, produces a positive pulse that is made
negative by the dc amplifier. Since negative
pulses have no effect on the phantastron, the phan-
tastron continues to increase the output frequency
of the klystron local oscillator, which, in turn,
causes a further increase in the if.

d. When the if. increases to a value slightly
above 30 me, the discriminator produces negative
pulses which are made positive by the dc am-
plifier. These positive pulses, when applied to the
phantastron, momentarily reverses the direction
of its sweep. The frequency is thus brought back
to 30 me, where it is locked in.

AFE IF AMPLIFIER AFE IF AMPLIFIER
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Figure 45. Afe if. amplifiers, schematic.

49. Afc If. Amplifiers V213 and V214
(fig. 45)

a. Two stages of afc if. amplification (V213 and
V214) are provided. The input circuit of V213 is
tuned to 30 me by variable capacitor C226 and coils
1217, L218 and 1219, Capacitor C227 keeps the
de afe erystal current off the grid. R229 is the
grid load resistor and R231 is the cathode bias
resistor.

b. The amplified signal developed across plate
load resistor R230 is coupled through (228 to
grid coil 1.220. The signal developed across 1.220
is amplified in the plate of V214 and appears
across the plate load consisting of 1.231 and R233.
R233 widens the band-pass characteristics of the
stage. The cathode and screen bypass capacitors
(marked with an asterisk (*) in the figure) are
molded into the tube sockets of both stages.

50. Afc Discriminator
(fig. 46)

a. The afe if. pulse from tube V214 is coupled
to afe discriminator V215 through capacitor (‘229

327711 O0—55——4

and appears across coil L221. Coil 1232 together
with its distributed capacitance and (241 reso-
nate at 27.5 me. Coil L233 together with its dis-
tributed capacitance and C242 resonate at 32.5 me.
Resistors R252 and R253 broaden the frequency
response of the tuned circuits. 1.232 is connected
to the plate (pin 2) of diode section A of V215,
and 1233 is connected to the cathode (pin 1) of
diode section B. A pulse applied to diode A
charges (230 so that point A is positive. A pulse
applied to diode B charges (231 so that point B
is negative,

b. If a 30 me if. pulse is applied to the dis-
eriminator, the amplitude of this pulse across
tuned circuit L232 and (€241 is the same as that
across tuned cirenit 1.233 and C242. As a re-
sult, the positive pulse developed at point A is of
equal amplitude to the negative pulse developed
at point B. Considering R235 and R236 as a
voltage divider, it can be seen that the potential
at point C is zero. At the end of the if. pulse,
the positive potential on the cathode of the diode
A and the negative potential on the plate of diode
B cause both sections of tube V215 to stop con-
ducting. Capacitors €230 and (231 discharge
through resistors R235 and R236. Since both
capacitors are equally charged and they are dis-
charging through the same path, the potential
at point C remains zero (fig. 47).

¢. An if. pulse whose frequency is below 30 me
has a greater amplitude at diode A than at diode
B. As a result, the instantaneous positive poten-
tial at point A (ey) is greater than the in-
stantaneous negative potential at point B (es).
Since the potential at point C is

eo= £ ";_P_n

it is obvious that point C is positive. At the end
of the applied pulse, both diodes stop conducting
because the cathode of diode A is positive and the
plate of diode B is negative. The capacitors start
discharging towards the value of ¢;. Because of
its smaller charge, C231 discharges first allowing
diode B to conduct. As this happens, capacitor
(220 discharges through diode B. Therefore, the
lower the if. applied to the discriminator, the more
positive the pulse at point C. The maximum posi-
tive pulse occurs at 27.5 me (fig. 47).

d. An if. pulse with a frequency above 30 me
produces an instantaneous negative potential at
point B that is greater than the instantaneous posi-
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Figure 46. Discriminator schematic,

tive potential at point A, thus making point C
nega.t,we: Because (230 now has the smaller
charge, it discharges first allowing diode A to
g(.mduct. C231 now discharges quickly through
dlode-A. _ Therefore, the higher the if. applied to
the discriminator, the more negative the output
pulse at point C. The maximum negative pulse
occurs at 32.5 me (fig. 47).
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Figure 47, Discriminator output.

51. Afc Pulse Amplifier _
The output from point (C, fig. 46) of the di
criminator is fed to a conventional amplifier, V&
(fig. 48). Tostabilize the cireuit, signal degenes”
tion is obtained by leaving cathode bias resist®
R239 unbypassed. The output is similar to
diseriminator output, except that it is amplifi
and reversed in phase. The positive pulses fro
the discriminator, which oceur when the if.’ﬁ
below 30 me, become amplified negative pulses’
the de amplifier output. The negative pulses frot
the discriminator, which occur when the ifi#
above 30 me, become amplified positive puls®
When the if. is at 30 mc, no pulses are appli’é&ﬁl
therefore none are obtained from the pulse aph

fier,

52. Charging Diode and Phantastron
(fig. 48)

The output of pulse amplifier V216 is coupl
through (232 to charging diode V217 and to
grid of phantastron V218. Wave forms for
phantastron are illustrated in figure 49. The volt
age on the plate of V218 is determined by the dr®
across resistor R243. The screen potent.inl:iﬂ'.‘h'
termined by voltage divider R245 and R244. B
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plate and screen potentials are negative with re-
spect to ground, but positive with respect to the
cathodes of V217 and V218, which are at minus
300 volts. This arrangement is used to produce a
negative voltage for the reflector of the klystron
local oscillator. The negative voltage is obtained
from across voltage divider R249, R250, and R251.
With switch 5202 in MAN. TUNE position, RE-
FLECTOR TUNING control R250 is used to de-
termine the reflector voltage and therefore the
frequency at, which the klystron local oscillator
operates. With switch S202 in A, F. C. OPERA-
TION position, the phantastron output voltage
combines with the REFLECTOR TUNING volt-
age to determine the klystron local oscillator
frequency.

a. Operation With 30 Mc If. Input. A 30 me if.
pulse produces no diseriminator output and, there-
fore, does not, disturb pulse amplifier V216, charg-
ing diode V217, or phantastron V218. Tube V218
therefore acts as an ordinary phantastron circuit
((1) through (5) below).

(1) Assume that the grid of tube V218 is
becoming more positive (or less nega-
tive). As a result, the plate current in-
creases, thus reducing the potential at the
plate.

(2) The falling plate potential eventually
comes close to the cathode potential.
When this happens, tube current is di-
verted to the sereen causing its potential
todrop. This voltage drop, when coupled

=100
TO
-225V

-300V

to the suppressor through (235, cuts off
plate current; as a result, there is a sud-
den rise in plate voltage. Since the grid
is connected to the plate by means of

|
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Figure 49. Phantastron wave forms.
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(1234, the grid potential rises and drives
the screen to saturation.

(3) The screen current and the plate poten-
tial remain at a maximum while the nega-
tive charge on (235, at the suppressor,
leaks off through R242. As the sup-
pressor potential rises toward the cathode
potential, a pulse of plate current occurs.
The resultant negative voltage spike at
the plate drives the grid negative through
(0234, cutting off the screen current. The
suppressor now quickly rises to its origi-
nal positive value and no longer acts to
stop the flow of plate current.

(4) The negative potential on the control
grid leaks off through R241 and R240.
The resultant rise in grid potential causes
an increase in plate current that reduces
the plate potential. This voltage drop,
when coupled back to the grid through
(234, retards the rise on the grid, which
in turn slows down the plate voltage de-
crease. This feedback between the grid
and the plate produces a straight line de-
crease in plate voltage. This varying
plate potential, when applied through
R246 to the reflector of klystron local
oscillator V203, causes its output sweep
to vary at a constant rate over a large

range of frequencies.

(5) When the falling plate voltage comes
close to the cathode potential, tube cur-
rent is diverted to the screen causing its
potential to drop. A new cycl
initiated.
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if 5 u?szﬂbi§?$ Ll e 40-volt Eosit;::
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Section IV. SIGNAL CIRCUITS

53. Cascode if. Amplifier

(fig. 51)
gmunded-cathode, grounded-grid)

d to amplify the incoming signal if.
lied to the other if. amplifiers. The
ifier has a very high signal-to-

A cascode (
amplifier is use
pefore it is app
cascode if. ampl

noise ratio.
. The input circuit of the cascode amplifier is

tuned to approximately 30 me by variable capaci-
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Figure 51. Cascode if. amplifier, schematic.

electrode capacitance of the tube. This further
reduces the noise within the stage.

¢. The next stage (V205) uses a grounded-grid
triode. The grounded grid acts as a shield and
reduces the interelectrode capacity; thus, it fur-

ther reduces the overall noise level. The output

of V204 is impressed on the cathode through
coupling capacitor (204, cathode bias resistor
R203, and cathode bypass capacitor (:206. The
signal is thus effectively placed between the cath-
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Figure 52. If. amplifiers, schematic.

ode and grid of the stage. The amplified signal
appears across plate load K201, which consists
of a coil self-resonating at 30 me with a shunt
resistor to broaden the pass band. The plate load
is decoupled by R204 and (203. The output is
applied to if. amplifier V206 through coupling
capacitor C207.

d. B+ is provided from the +140 volt supply
through dropping resistors R215, R213, R211, and
R206. Note that since R204 is in series with R202,
V204 can lose its plate voltage if R204 opens up.

54. If. Amplifiers
(fig. 52)

The signal from the cascode amplifier is fed
through five stages of amplification (V206 through
V210). All the stages are very much alike ex-
cept for the frequencies to which they are tuned.
The plate coils are adjusted to resonate at 30 mc,
and the grid coils are adjusted to resonate at vari-
ous frequencies about 30 me.  As a result, the out-
put of the entire if. section is a band of frequen-
cies 5 me wide, symmetrically placed about the
center frequency of 30 me.

a. Each stage obtains its bias with a cathode
resistor (R205, R207, R212, R214, and R216).
Plate and screen voltages are obtained through a
decoupling resistor (R206, R211, R213, and R215)
in the first four stages, and through a decoupling
choke (L213) in V210. To stabilize the charac-
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teristics of the if. section, 1,000 micromicrofarad

(ppf) bypass capacitors for the cathodes and
screens are molded into the tube socket.

b. The grid coils (L206, 1207, 1208, 1,210 and
L211) resonate with their distributed ;:apacii,:ance
plus the interelectrode capacitance of the tube
The plate impedances (E202, £203, Eops, apg
E205) of the first four stages coné;ist of,c‘;.l1
which resonate with their distributed capacita bas
plu.:-l any stray capacitances, and paralle] pesi B
whlf:h help broaden the band-pass characte _St'?rs
To improve the band-pass characteristics f;:-ﬁ::s

r
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55. Detector
(fig. 53)

The signal from if. amplifier V210 ;g developed
across coil L212, which is resonant at 5 frequency
slightly above the if. Stage V211 rectifies the if,
signal and produces a negative video pulse at the
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Figure 53. Detector and cathode follower, schematic,

plate. Choke 1214 and capacitor C215 filter out
the if. component so that only the video portion of
the signal is developed across R217.

56. Cathode Follower

Stage V212 limits the video signals to nega-
tive 1 volt with a low impedance output that
matches the impedance of the output coaxial cable.

The video signal is coupled through C216 to the
grids of the two parallel-connected sections of the
tube. The input signal is developed across grid
load R218. The low impedance output is taken
from across cathode resistor R221. Capacitor
(C243 filters the + 140-volt supply, R219 is a plate
dropping resistor, and C217 keeps ac from flowing
through R219.

Section V. STC CIRCUITS

57. Stc Generator
(fig. b54)

Ste generator V2194, also known as the sea
suppressor, generates a wave form which is fed
to the grids of the second and third signal if.
stages immediately after the transmitter circuits
are fired. The pulse decreases the gain of the
signal if. circuits so that, in the area surrounding
the radar, only the stronger echoes appear on the
PPL

a. The positive trigger is applied across R228.
Because C221 cannot change its charge instan-
taneously, the peak positive potential appears in-
stantaneously at the cathode of V219A and tends
tocut it off. Tmmediately afterward, the positive
pulse charges capacitor C221 through the low re-
sistance path provided by crystal CR204, as shown.

The rapid charging of this capacitor produces the
sharp, initial negative downswing of the pulse
developed across R227 (fig. 55).

b. With the positive trigger removed, V219A
conducts.  Capacitor (221 now discharges
through the path provided by the tube in series
with R225, the power supply, and R228. The
slow discharging of capacitor C221 provides the
exponential portion of the pulse developed across
R227.

¢. The SUPPRESSOR control varies the grid
bias of V219A. Varying the grid bias changes
the effective resistance of the tube. Changing the
resistance of the tube varies the discharge time
constant of capacitor C221. By varying the dis-
charge time constant, the SUPPRESSOR controls
the length of the pulse developed across R227 (fig.
55).
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58. Stc Cathode Follower
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Section VI. RECEIVING SYSTEM POWER SUPPLIES

59. Filament Power Supply
(fig. 56)

This supply is located on the receiver chassis
and provides filament power for all tubes in the
receiving system. The primary of filament trans-
former T201 is energized by the 115-volt, 400-cps
power obtained through POWER connector J204.
The two secondaries of the transformer energize
the receiving system filaments as follows:

a. Miver Circuits. Xlystron local oscillator
V203 has its filament energized directly from one
of the secondaries. Capacitor C240 bypasses rf
around the filament.

b. Afe Circwits. Tubes V214, V215, and V216
are placed in parallel across the lower secondary.
Tube V213 is also in parallel across this secondary,
but it has filter choke I1.229, which separates it
from the other filaments to prevent interaction
between this and other stages. Charging diode
V217 and phantastron V218 are connected across
the other secondary. The sockets of afc if. am-
plifiers V213 and V214 have filament bypass ca-
pacitors molded into them.

¢. Signal Circuits. All the filaments of the
tubes in the signal circuits are connected across

the lower secondary. All the if. filaments are
separated from each other and from the other
stages by means of chokes (1222, 1.223, 1,294, 1.995,
1226, 1227, and 1.228). The filaments of the cas-
code if, amplifier (V204, V205) are bypassed by
capacitors C236 and C237. The filaments of the
other if. stages are bypassed by capacitors molded
directly in the sockets.

d. Ste (ircuits. Tube V219 is a 12AUT and
therefore needs 12 volts across its entire filament,
or 6 volts across half of it. By applying the ac
from the secondary to the center of the filament
and connecting the two ends of the filament, 6
volts are placed across each half of the filament.

60. Other Power Supplies

The low-voltage power supplies that provide
the B+ for the receiving system are located on
the front panel of the receiver-transmitter. The
+300 volts, —300 volts, +140 volts and +320
volts from the low voltage power supplies are fed
to the receiver chassis through POWER connec-
tor J204. For a complete discussion of the low

voltage power supplies, refer to the power system
chapter (par. 93).

(=1 T e e e,
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Figure 56.

Receiver filament supply, schematic.
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CHAPTER 5
SYNCHRONIZING AND INDICATING SYSTEM

Section I. INTRODUCTION

(1) Generates sweep, range mark, and un-—
blanking signals.
(2) Combines video and range mark sighals

61. General
(figs. 57 and 58)

a. The synchronizing and indicating system has for presentation on the PPL
all the operating controls and performs the fol- (3) Synchronizes sweep rotation with e
lowing major functions: tenna horn and reflector rotation.

‘ CENTER EXPAND OIM

HEADING FLASH o mwg;EH

(RI87)-POWER (S105)

CONTRAST
(R160)

CURSOR
RANGE

(s101)

RINGS SUPPRESSOR

(R165) (RI181) tid i anan

Figure 57. Indicator, front view.

58



FILAMENT
TRANSFORMER

e

RECEIVER SYNCHRO
{(B101)

VIDEO
SUBCHASSIS \
JACK )
(J102) i
ALLEN

Ty

DEFLECTION
COIL HOUSING

5KV CAP

GONVENIENCE — |
OUTLET (J105) /4

DEFLECTION
colL
BRUSHES
(E105, E106)

MULTIVIBRATOR
SWEEP AND
RANGE
SUBCHASSIS

PP1
POWER SUPPLY

TM 1535-502

Figure 58, Indicator, top view, cover removed.

(4) Produces fore and aft heading flashes
on the face of the PPI.

(5) Presents range and bearing information
on the PPI.

b. All the circuits of the synchronizing and
indicating system, except the synchronizing cir-
cuits, are located in the indicator., The PPI is
located in the center of the indicator with a sub-
chassis on either side. The multivibrator, sweep
and range subchassis is on the right and the video
subchassis is on the left.

¢. Some parts of the synchronizing circuits are
located in the antenna, some parts are located in
the indicator, and the interconnecting points are
fed through the terminal boards on the receiver-
transmitter. The transmitter synchro and the
synchro alinement and heading flash cams are
mounted inside the antenna pedestal. The re-
ceiver synchro and the heading flash circuit are in

the indicator. The SYNCRO fuse is mounted

on the receiver-transmitter convenience panel.

d. The PP1 power supply parts are mounted
on the video subchassis of the indicator. How-
ever, since the PPI power supply is considered
part of the power system, it is discussed in the
power system chapter (par. 95). All the other
B+ voltages are obtained from the low voltage
power supplies in the receiver-transmitter. All
the operating voltages as well as the trigger, video,
and synchronizing signals are fed from the ter-
minal boards in the receiver-transmitter, through
the junction box, and to the receptacles in the
back of the indicator.

e. A PHONES jack for communicating with
a man at the antenna location and a convenience

outlet to aid in troubleshooting are included in
the indicator unit,
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62. Block Diagram
(figs. 59 and 60)

a. One-Shot Multivibrator. At the same time
that the transmitter circuits are fired, a positive
pulse from the master blocking oscillator in the
transmitting system triggers one-shot multivibra-
tor V101 in the synchronizing and indicating sys-
tem. This one-shot multivibrator produces
rectangular pulses which unblank the PPI and
t1‘i'gg'er the sweep circuits and the range mark cir-
cuits.

b: Sweep Cirouits, The sweep circuits receive
a positive square wave from the one-shot multivi-
lt):a:l?: ?ng‘ p‘ZOdUCe a sweep signal that is applied
PPI (,;’he“t‘ﬁn coil surrounding the neck of the

: e stages are as follows:
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RECEIVING SYSTEM
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(3) De restorer. Stage V109B mm_. .
the base line of all input Im]se;'i:’ltams
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(4) Sweep current amplifier. Stage Vioa
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¢. Range Mark Circuits. The function of
these circuits to produce range marks (rings) on
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stage ”“ge mark signals. From this
(3) De _P;s't‘ﬁy are applied to the PPL

the hlse(”]l"m Crystal CR104 maintains

o » line of all range marks at the
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plied to the deflection coil and causes a radial
sweep to appear on the screen. At the same time,
the deflection coil is rotated causing the sweep to
rotate upon the screen. Range marks and echoes
from the video circuits are applied to the cathode
of the tube and cause the sweep to intensify. To
make the return trace invisible, the unblanking
signal is applied to the grid during the sweep time
but not during the retrace time.
f. Synchronizing (lireuits.

(1) Transmitter synchro. Transmitter syn-
chro B501, located in the antenna (fig.

20), transmits to receiver synchro B101

an error voltage that corresponds to the

degree of antenna horn and reflector

rotation.

(2) Receiver synciro. Receiver synchro
B101 (located in the indicator, fig. 58)

e and rotates the

receives the error voltag

sweep line by an amount corresponding
to the amount of rotation of the antenna
horn and reflector. Consequently, the
es on the PPI screen in

sweep line rotat
synchronism with the antenna horn and

reflector rotation.
(3) Alinement cam switches. Alinement

cam switches 5501 (in the antenna) and
§104 (in the indicator) are used to aline
the synchronizing circuits when the
radar set is first placed in operation.

(4) Heading flash circuit. Heading flash
cam switch S502 (in the antenna) Te-
duces the cathode bias on the PPI when
the antenna horn and reflector pass the
fore and aft positions. Sweep intensifi-
cation is thus produced at the 0° and 180°

points.

ONE-SHOT MULTIVIBRATOR

64. One-Shot Multivibrator
(fig. 61)
One-shot multivibrator V101 is a two-stage RC
Jifier with the output of each stage

fed to the input of the other stage.
2. In the balanced condition, tube V101A. con-
ducts heavily because of the positive potential on

its grid, and V101B is cut off because of the

negative potential on its grid. A positive TRIG-

coupled am|
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igure 61.

GER pulse applied across cathode-bias resistor
R106 momentarily increases the bias, thus lower-
ing the plate current of V101A. The resultant
rise in plate potential is applied through capacitor
(105 to the grid of the tube V101B causing it to
conduct. Increased plate current in tube V101B
causes a decline of plate voltage, which is coupled
through capacitor C103 to the grid of V101A.
This decreasing grid potential causes a further
decline in plate current, which in turn causes a
further increase in V101A plate potential. This
action continues until tube V101A is cut off and
tube V101B is saturated.

b. The circuit remains in this condition as long
as capacitor C103 (on the 3 mile range) main-

62

One-ghot multivibrator, schematic.

tains a sufficiently negative potential on t-he-gnd
of tube V101A. When C103 has discharged
through R101 sufficiently to allow tube VlOlA-tD
conduet, its plate potential decreases. The de-
crease in plate voltage is coupled through CIM
to the grid of V101B. The decrease in grid
voltage of V101B causes its plate current tﬂﬂﬂ-
crease and its plate voltage to increase. ThisTise
is impressed on the grid of V101A, further in=
creasing its plate current. This action takeaphl_ﬂ
almost instantaneously, so that tube VI101A 8
quickly returned to its normal stage of condue-
tivity, and tube V101B is again cut off.

¢. The time from t, to t, (fig. 62), which is the
time V101A is cut off, is controlled by the time it
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takes C103 to discharge through resistor R101.
On each range setting, RANGE switch S101
places a different value of capacitance in the cir-
cuit thus changing the time constant; this, in
turn, changes the length of time it takes V101A
to reach conduction and therefore determines the
length of the square-wave output. On the 8-mile
position, V101A does not reach conduction until
time t, (fig. 63).
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One-shot multivibrator, wave forms with an
increase of RO.

Figure 63,

d. Three outputs are taken from the multi-
vibrator. A positive pulse is taken from the volt-
age divider consisting of R103, R105, R102, and
R104, and applied to the grid of the PPI to un-
blank it during the sweep time. Another positive
pulse, taken from the cathode of V101B, is used to
trigger sweep generator V102. The negative [?ulse,
developed at the plate of V101B, is used to trigger
range mark oscillator V10TA.

Section Ill. SWEEP CIRCUITS

65. General

To cause the spot on the PPI to move linearly
with time, a saw-tooth current wave form is ap-
plied to the deflection coil of the PPI. In radar,
a range of 1 nautical mile is equivalent to approxi-
mately 12.2 microseconds (6.1 microsecond to
target, 6.1 microsecond to return). Thus, on the
1-mile range, the spot must move from the center
to the edge of the PPI in 12.2 microseconds ; on the
3-mile range, in 36.6 microseconds; on the 8-mile
range, in 97.6 microseconds; and on the 20-mile
range, in 144 microseconds. To cause the sweep
to rotate about the center of the PPI so that azi-

muth readings can be made, the deflection coil is
rotated in synchronism with the antenna horn at
the rate of 17 rpm.

66. Sweep Generator
(fig. 64) .

a. Sweep generator stage V102A gives the
proper sweep for each range. Tube V102A con-
ducts until the positive square wave from one-shot
multivibrator V101 is applied to its cathode. The
tube is then cut off and allows capacitor C108 (on
the 3-mile range) to charge through resistors R114,
R112, R111, and R118. As soon as the square
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wave is removed, the tube conducts and immie-
diately discharges the capacitor. The output
sweep wave form is shown in figure 65.

b. The time constant can be adjusted by sweep
length control R118 (on the 3-mile range) to give
the proper slope to the sweep, If the time con-
stant is too small, the sweep moves out to the edge
of the PPI too quickly, and the last ring does not
appear (B, fig. 66). If the time constant is too
long, the sweep may not reach the edge of the PP1,
which will make the entire picture too small (C,
fig. 66).

¢. The circuit theory is the same for the 8- and
20-mile positions of the RANGE switch, except
that the sweeps are made longer. For the 1 mile
range, the sweep is made shorter. 1In addition, the
trigger pulse from master blocking oscillator
V307A is applied to the plate of V102A simullta-
neously with the opening of the tube. This is

done to assure proper linearity at the beginning
of the sweep.

67. Sweep Voltage Amplifier

The positive output of sweep generator V102A
that appears across resistor R112 is applied be-
tween the grid and cathode of sweep voltage am-
plifier V103A. Capacitor C106 blocks the direct
current of tube V103A from the sweep generator
stage. Cathode bias resistor R124 is left unby-
passed to provide degeneration. The amplified
signal developed across R123 is coupled through
blocking capacitor C111 to the grid of V103B.
The output of this stage, which appears across
R126, is a positive sweep pulse.

68. Dc Restorer

The function of this stage is to maintain the
base line of all input sweeps at the same potential.

327711 O—b56—0

The voltage divider, composed of R127 and R128,
across the minus 300-volt supply produces a nega-
tive potential at point Y. Before a pulse is applied
to the circuit, the grid side of capacitor C112
charges up to the same value as point Y. When
the positive-rising portion of the sweep pulse is
applied to the V102B cathode, the cathode becomes
more positive with respect to the plate, thus cut-
ting off the diode. The positive rising sweep is
added to the negative potential at the grid of tube
V104. When the sweep voltage falls to its base
line, the bias is removed from the cathode of
V102B, causing the de restorer to conduct. Ca-
pacitor C112 discharges rapidly to the value at
point Y. The sweep applied to the grid of sweep
current amplifier V104, therefore, varies above the

3MILE

// /fzun.
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A. CORRECT SWEEP

B. FAST SWEEP

C. SLOW SWEEP

0 IMILE 2MILE 3MILE
RANGE MARKS

PPI PRESENTATION

TM I1535-301
Bffect of slow and fast sweeps on PPI picture,

Figure 66.
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potential at point Y. In other words, V102B acts
as a positive clamping circuit.

69. Sweep Current Amplifier

a. Sweep current amplifier stage V104 amplifies
the sweep current to the degree necessary to drive
deflection coil 101 of the PPI. Resistor R1£9, in
addition to providing bias for this stage, ffeeds
back out-of-phase energy to V103A to increase
the linearity of the output of the entire amplifier.

b. At the end of each sweep, sweep current
amplifier V104 is.cut off because of the high nega-
tive potential on its grid. As a result, the current
through the deflection coil stops immediately, and
the energy in it is dissipated in plate resistor R131.

Section IV. RANGE

70. General
To accurately determine the range of the target,
the following range marks should be displayed on
the PPI:
2 concentric rings, a half-mile apart, for the
1-mile range.
3 concentric rings, 1 mile apart, for the 3-mile
range.
4 concentric rings, 2 miles apart, for the 8-
mile range,

4 concentric rings, 5 miles apart, for the 20-
mile range.
To obtain more accurate readings of range on the

1-mile sweep, the CENTER EXPAND switch
is used to make the first half-mile cover maost of

the scope.

71. Range Mark Oscillator
(fig. 67)

) Thg grid of range mark oscillator stage
V107A is slightly positive because the grid is re-
turned to the +320-volt supply through resistor
R149. Resistor R148 and capacitor C124A com-
pose 1 decoupling cireuit., Thus, with no signal
input, the tube conducts heavily and current, flows
through one of the LO tanks of Z101, as deter-

- b : "

i 1y e i of RAYGE ot 1o
BULIVe fquare wave from one-shot

multivibrator V101 i applied to the grid through
coupling capacitor C119, tube V107A cuts off.
However, as the magnetic field around coil 1104
(on the 8-mile range) collapses, a voltage is in-
duced in the coil that tends to keep current flow-
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Because of the action of the unblanking cireuit
(par. T8¢), the damped oscillations in the deflec-
tion coil caused by the shock of interrupting the
current do not affect the scope pattern.

¢. If deflection coil eurrent is not redunced to
zero in the time between sweeps, the spot on the
screen does not return to the center of the PPI.
The PPI indication is a small cirele blacked out
in the center of the screen. This may be accom-
plished deliberately by placing CENTER EX-
PAND switch S102 in the ON position. When
this is done current flows through the deflection
coils even when V104 is nonconducting. The
current path is from ground, through R130 and
the deflection coil, to +600 volts, back to ground.

MARK CIRCUITS

ing. Since the tube is cut off, this voltage charges
capacitor (C121. The capacitor alternately
charges and discharges, and produces a damped
sine wave (fig. 68). When the pulse is removed,
the tube conducts once more and is ready for the
next pulse to produce another damped sine wave.

b. The tuned circuits and their frequency of

oscillation in terms of equivalent distance in radar
miles for each setting of RANGE switch S101

are as follows:

. —

valent dis-

Position Tuned eireuit El.;:nmu;iﬁl' radar

o : ; 1,103, C120. ... 1
e e s L104, C121_._ .. 1
e S T 1,105, C122..... :

| (R 1106, C123. .
_.——_————'—'—-—’,

72. Range Mark Limiter Amplifier
(fig. 67)

The damped oscillations from range mark oseil-
lator V107TA are applied to range mark limiter
amplifier stage V107B. Grid limiting resistor
R151 clips the positive portions of the Wa¥é:

When the tube is at cutoff, the negative Wfﬁw:
of the wave are clipped.

73. Range Mark Inverter Amplifier
(fig. 67)
The purpose of range mark inverter amplifier
stage V108A is to amplify and invert the range
mark oscillations. The tube is overdriven to furs
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thax: flatten out the wave, Resistor R153 and ca-
pacitor C124B compose a plate decoupling cireuit.

74. Range Mark Peaking Amplifier

Range mark peaking amplifier stage V108B is
& shock-excited oscillator that produces a sharp
peaked output when triggered by the leading edge

of the range mark inverter amplifier V108A out-
put wave. Coil LL107 is tuned by means of its dis-
tributed capacitance to a frequency of several
megacycles. Resistor R159 causes the oscillations
to damp out after half a cycle, The result is a
narrow output pulse,

a. The tube is biased at cutoff, and the plate nor-
mally does not draw current, The positive-gong
half-cycle input permits the tube to overcome its
bias and conduct. With the application of plate
current, oscillations are set up in the resonant cir-
cuit. A voltage is induced across the coil of such
a polarity ns to impede the flow of current, thus
producing a negative potential at the plate. Re-
sistor R159 damps out the positive swing.

b. When the top portion of the input wave is
reached, current through coil L107 does not vary

much. Therefore, no potential is induced across
it, and the plate returns to its original high poten-
tial. The result is a series of sharp negative
pulses, spaced an exact distance apart as deter-
mined by the setting of RANGE switch S101.
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Video circuits, schematic.

Section V. VIDEO CIRCUITS

75. Video Mixing Amplifiers
(fig. 69)

To prevent blooming—an intensification of the
PPI trace caused by the simultaneous ocurrence
of echo and range mark signals—video mixing
amplifier stage V109A amplifies the video signals,
and video mixing amplifier stage V109B amplifies
the range marks. Adverse interaction between the
two signals is prevented by means of a crystal
diode.

a. The video output is fed from cathode fol-
Jower stage V212 in the signal circuits of the re-
ceiving system through coaxial cables W706 and
W707 to VIDEO jack J103, and is applied across
CONTRAST control R160. Resistor R160 is used
{o control the amplitude of the video signal before
it is coupled through C131 to the grid of V109A.
The amplified signal appearing across plate load
resistor R163 and peaking coil 108 is positive.

b. The range marks are fed from range mark
peaking amplifier V108B through blocking ca-
pacitor C129 to RINGS control R165. Resistor
R165 controls the amplitude of the range marks
before they are coupled to the grid of V109B.
The amplified signals that appear across plate

68

load resistor R164 and peaking coil 1.109 are posi=
tive. Resistor R162 and capacitor C133 form a
plate decoupling circuit.

¢. When no video is present at the plate of
V109A and a positive range mark appears at the
plate of V109B, the range mark passes through
crystal diode SD103 and is coupled through C13
to the grid of video output amplifier V110. When
the video and range mark signals appear on either
side of the crystal diode simultaneously, they buck
each other because they are both positive. As&
result, only a weak range mark passes through the
cryatal diode, thus preventing blooming.

76. Video Output Amplifier
(fig. 69)

The video and range marks applied to the grid
of video output amplifier V110 are amplified 0
the plate circuit across load resistor R168 and
peaking coil L110. Screen potential is obtained
from the voltage divider consisting of R170 and
RI171. Capacitor C137 keeps the screen af Tf
ground. The output is fed to the cathode of the
PPI through C138. The plate circuit is decoupled
by means of R167 and C134.
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Section VI. PPl CIRCUITS

77. General
(figs. 70 and 71)

The PPI (V105) is a TMPT tube. The grid and
first anode are small cylinders with small holes
through their centers. Both the focus and deflec-
tion coils are mounted about the neck of the tube.
An Aquadag coating on the inside surface of the
tube acts as the accelerating anode. The acceler-
ating potential is fed through the anode cap. On
the inner surface of the face of the tube is the
fluorescent screen.

a. Formation of Beam. When the cathode is
heated, it generates a stream of electrons that is
accelerated by the +300 volts on the first anode
and the plus 5,000 volts on the accelerating anode.
The holes in the center of the negative grid and
positive first anode narrow the electron beam so
that it forms a spot on the screen.

b. Focusing. Current flowing through coil
L102, because of the +320 volts potential, focuses
the beam. By varying the parallel resistance
across 1,102 by FOCUS control R138, the amount
of current flowing through 1102, and thus the
focus, can be adjusted.

c. Intensity Control. Resistors R173, R135, and
R134 comprise a voltage divider that is placed
across the —300-volt supply to tap off a negative
potential for the grid of the PPI. By varying
INTENSITY control R135, the grid potential is
changed, thus changing the number of electrons
that strike the screen. The number of electrons

that strike the screen per unit time determines the
intensity of thespot. Parallel resistor R174 causes
R135 to have a finer control of intensity. Filter
capacitor C113 keeps the point between R135 and
R134 at a steady dec potential.

78. PPl Inputs

Three separate inputs are applied to the PPI:
the sweep signal from sweep current amplifier
V104; video and range mark signals from video
output amplifier V110; and an unblanking pulse
from one-shot multivibrator V101.

a. Sweep Input. By applying the output of
sweep current amplifier V104 to deflection coil
1.101, the spot on the screen is made to trace a
line from the center to the outér edge of the PPL.
At the same time, 1101 is rotated about the neck
of the tube, thus causing the lines generated on the
face of the scope to rotate, effectively covering the
entire face of the PPI. When CENTER EX-
PAND switch S102 is placed in the ON position,
a dark circle appears at the center of the screen.

b. Video Input. A voltage divider across the 5-
kilovolt (kv) PPI power supply places +10 volts
on the PPI cathode. When the video and range
mark signals are coupled to the cathode through
capacitor (138, they decrease the bias and, there-
fore, increase the intensity of the trace on the
screen. Resistor R172 and crystal CR104 comprise
a de restorer that elamps all signals below the ref-
erence level of +10 volts.
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o, Unblanking Input. The unblanking pulse
keeps the return trace portion of the sweep in-
visible. The potentials on the PPI electrodes are
arranged so that the tube normally is nonconduet-
ing. The positive square wave from one-shot
multivibrator V101 is coupled to the grid through
(114 only during the time that the linear portion
of the sweep is applied to the deflection coil. By
making the grid more positive, the tube conducts,
enabling the sweep to be traced on the screen and
the video and range signals to be seen. At the end
of the unblanking pulse, the grid returns to ifs
previous negative potential cutting the tube off.
The return trace can not be seen on the PPI.
Resistor R133 and crystal CR101 comprise a de
restorer that clamps all unblanking pulses above
the reference level of the potential at point X.

79. PPl Picture Compensation
(fig. 64)

The synchronizing and indicating system in-
corporates two means for maintaining a steady
picture on the PPI, despite line voltage varia-
tions.

a. Picture Size Compensation. To maintain a
steady picture on the PPI, changes in the unregu-
lated 5 kv on the second anode of the PPI are
balanced against changes in the unregulated + 600

volts that feed sweep generator V102A. If the
line voltage increases, the accelerating anode volt-
age increases and the picture size decreases. To
maintain the same picture size, the amplitude of
the sweep wave form applied to the deflection coil
must increase. To do this, the sweep charging
capacitors are charged to the voltage at the junc-
tion of R121 and R122 (point X), which is be-
tween the +600-volt unregulated and the +300-
volt regulated supplies. The inerease in line volt-
age causes the +600-volt unregulated output to
increase, causing the potential at point X to in-
crease. This causes the amplitude of the output
sweep wave form to increase automatically to com-
pensate for the change in line voltage. When the
line voltage drops, the reverse process occurs.

b. Picture Intensity Compensation. When the
line voltage increases, the 5 kv on the accelerating
anode increases, thus increasing the intensity of
the trace. To compensate for this intensity varia-
tion, the cathode is connected to the lower end of
the voltage divider across the 5-kv PPI power sup-
ply. When the 5-kv increases, the potential at
point. Y, which is applied to the cathode, also be-
comes more positive. This reduces the intensity
of the trace to compensate for the change in line
voltage. When the line voltage drops, the reverse
process oceurs,

Section VIl. SYNCHRONIZING CIRCUITS

80. Transmitter and Receiver Synchros

(fig. 72)

a@. Gleneral. Transmitter and receiver synchros
synchronize the azimuth of the PPI sweep with
the azimuth of the antenna horn and reflector.
The antenna horn and reflector are geared to the
transmitter synchro, which produces an error sig-
nal. This signal causes the receiver synchro and
the PPI deflection coil, to which it is geared, to
rotate with the antenna horn and reflector. As a
result, the sweep on the PPI is made to rotate in
synchronism with the antenna horn and reflector.

b. T'ransmitter Synchro. The rotor of trans-
mitter synchro B501 (in the antenna) is a coil of
wire that is wound on an iron core. The 115 volts
at 400 cps are applied to the rotor through slip
rings. The stator has three coils, fixed in position
but spaced 120° apart. By transformer action, the
magnetic field built up in the rotor, induces across
each stator a voltage that depends on the position

of each stator with respect to the rotor. The dif-
ference in voltage between S1 and S3 is called the
error voltage, and is zero only when the rotor 1s
alined so that the voltage induced at S1 is equal to
the voltage induced at S3. S2 is connected to
reference point R1. As the antenna horn turns,
the rotor turns, rotating a magnetic field. The
voltages induced in S1 and S3 vary, thus varymng
the error voltage sinusoidally with the rotation of
the rotor. Since the rotor turns continuously, an
ever-varying sinusoidal error voltage is produced
between S1 and S3. }

¢. Receiver Synchro. The construction .of‘ra-
ceiver synchro B101 (in the indicator) 1s similar
to the construction of transmitter synchro B501.
The error voltage across S1 and S3 of the trans-
mitter synchro is applied to the stators ('Sl and
S3) of the receiver synchro. The 52 terminals -of
B501 and B101 are at the same reference potential
because they are connected electrically. Current
flowing through the stator coils sets up a resultant
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magnetic field that is in the same direction with
respect to the stator windings of the receiver syn-
chro as the field in the transmitter synchro is with
respect to the stator windings in the transmitter
synchro. The rotor acts as an electromagnet and
tends to aline itself with the stator field. Be-
cause the rotor is geared to deflection coils 1,101,
the deflection coils are moved the same amount
and in the same direction as the antenna horn.

d. Gearing Arrangement. 'The transmitter
synchro is diven through a 1-to-10 gear ratio ar-
rangement. Consequently, when the antenna
horn rotates at 17 rpm, the rotor of the transmitter
synchro rotates at 170 rpm. The rotor of the
receiver synchro also rotates at 170 rpm. The
gearing between the receiver rotor and the deflec-
tion coil is 10-to-1. This causes the sweep to
rotate at the speed of the antenna horn, or 17 rpm.
This gearing system reduces synchro errors to
one-tenth the normal values, and in addition, pro-
vides increased torque for turning the deflection
coil.

81. Synchro Alinement Cam Switches
(fig. 72)

When the equipment is turned off, the deflection
coil 1101 coasts to a stop. Since the position at
which it stops is independent, of the error voltage
produced by transmitter synchro B501, the syn-
chronizing circuits must be realined when the
radar set is again placed in operation.

a. Both synchro alinement cam switches (5501
in antenna and S104 in indicator) rotate at the
same speed as the antenna horn. Synchro aline-
ment cam switch S501 is normally closed, except
for a 30° interval. Synchro alinement cam switch
S104 is normally open, except for a 20° interval.
Because the cam switch contacts are in series, no
current flows through the synchro alinement re-
lay K101 when the cam switches are actuated
simultaneously. This is the normal mode of op-
eration for properly alined synchronizing circuits.

b. If the synchronizing circuits are out of aline-
ment, the contacts of the synchro alinement cam
switches do not close simultaneously. Both trans-
mitter synchro B501 and receiver synchro B101,
through a gearing system, turn camshafts until
the receiver synchro camshaft causes synchro
alinement cam switch S104 (in the indicator) to

close its contacts. Since the synchronizing cir-
cuits are out of alinement, synchro alinement cam
switch S501 (in the antenna) is open. Conse-
quently, a closed circuit is offered synchro aline-
ment relay K101. Relay K101 is energized and
a short is placed across S1 and S3 of receiver
synchro B101. This effectively removes B101
stator from operation, which results in tempo-
rarily locking the rotor in place. When synchro
alinement cam switch S501 opens its contacts, relay
K101 is de-energized, and the short is removed
from the receiver synchro. The receiver synchro
now rotates in step with the transmitter synchro.

¢. K101 is a 24-volt de relay. The source volt-
age is rectified by crystal CR101, filtered by ca-
pacitor C115, and then reduced to its proper value
by resistor R183.

82. Heading Flash Circuit
(fig. 71)

As the antenna horn rotates past the fore posi-
tion of the ship, a camshaft, geared to transmitter
synchro B501 (in the antenna), closes heading
flash cam switch S502. When the antenna horn
rotates past the aft position, heading flash cam
switch S502 is again closed by a second cam on
the camshaft. When cam switch S502 closes, fore
and aft heading flashes are produced on the screen
of the PPI.

a. When heading flash cam switch S502 is open,
(141 and (142 charge with the polarities indi-
cated in figure T1. Capacitor C142 charges
through R186 and R190, Capacitor C141 charges
through R186, R184, R172, and R188. The po-
tentials across the capacitors have very little effect
on the PPI cathode pctential because they buck
each other in the path between cathode and
ground. However, when heading flash cam
switch S502 is closed, R190 and C142 are shorted,
effectively placing the negative charge of C141 on
the cathode. Thus, the bias is reduced and the
sweep intensifies momentarily. The action is
momentary because C141 discharges quickly
through R184, R172, and R188.

b. The amount of charge on C141 and therefore
the brightness of the heading flash is controlled by
the potential applied across the capacitors.

HEADING FLASH control R187 varies this
potential.
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CHAPTER 6
POWER SYSTEM

Section |. INTRODUCTION

83. General

a. The common components (par. 12) of Radar
Set AN/SPN-11 operate from a 115-volt 400-cps
power supply. Because most ships do not have
this type of supply, each set includes a power
group that converts the ship’s supply to 115 volts
400 cps. The power group consists of the switch
box, the motor starter, the motor generator, and
the voltage regulator.

b. The 115 volts, 400 cps are fed through fuses
to the low-voltage power supplies, the modulator
power supply, and the PPI power supply. The
115 volts are fed also to the receiving system fila-
ment transformer and to the transmitter ancl re-
ceiver synchros.

84. Location of Power System Parts
(figs. 73 and T4)

a. The parts for the low-voltage power supplies
are mounted on the lower portion of the hinged
panel of the receiver-transmitter. The parts for
the modulator power supply are mounted on the
hinged panel close to the transmitting system.
The PPI power supply is mounted on the video
subchassis of the indicator. The receiving system
filament transformer is mounted on the receiver
chassis.

b. The terminal board on top of the motor gen-
erator is an interconnection point betwen compo-
nents of the power group and between the power
and the various power supplies. From the motor
generator terminal board, power is fed through
the receiver-transmitter terminal boards and
through switches and fuses on the conveniénce
panel to the power supplies.

Section Il. POWER GROUP

85. Block Diagram

(fig. 75)

Figure 75@ is & block diagram of the power
group for Radar Set AN/SPN-11X. This is the
nomenclature for the equipment when the power
group provided is used with a ship’s supply of
115 volts dc. 'When the power group is used with
a ship’s supply of 32 volts dc, the nomenclature is
Radar Set AN/SPN-11Y (fig. 75@). When the
Power group is used with a ship’s supply of 24
volts dc, the nomenclature is Radar Set AN/SPN-
11Z (fig. 75©@). Except for their ratings, all
Power group parts are similar in operation.

Note. 1If the ship's supply is 280 volts de, 115 volts ac,
or 230 volts ac, different power group components must
be procured.

a. Switch Bow. The switch box connects the
ship’s power to the radar set. Switch Box SA-
284/SPN-11 is used for a 115-volt de power line;
Switch Box SA-283/SPN-11 is used for a 32-, or
24-volt dc power line.
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b. Motor Starter. The motor starter prevents
the full supply voltage from appearing across the
motor generator when starting to protect the gen:
erator from burning out. Motor Starter SA-
987/SPN-11 is used with a ship’s supply of 118
volts de; Motor Starter SA-286/SPN-11 is used
with a ship’s supply of 82 volts de; Motor Starter
SA-285/SPN-11 is used with a ship’s supply of
24 volts de. -

¢. Motor Generator. The motor generator con:
verts the ship’s supply to 115 volts, 400 cps. Motor
Generator PU-243/SPN-11 is used for a ship$
supply of 115 volts dc; Motor-Generator PU—-E“I
SPN-11 is used with 32 volts dc; and Motor-Gen:
erator PU-244/SPN-11 is used with 24 volts de.

d. Voltage Regulator. The voltage regulator
controls the output voltage of the motor generator:
Voltage Regulator CN-192/SPN-11X is ‘used
with a ship’s supply of 115 volts; Voltage Regu:
lator CN-193/SPN-11Y is used with 32 volts de*
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Voltage Regulator CN-194/SPN-117 is used with
24 volts de.

e. Recewer-transmitter. The 115-volt, 400-cps
output of the motor generator is fed to the ter-
minal boards on the receiver-transmitter. From
the terminal boards, the voltage is fed to all parts
of the radar set. The ship’s supply voltage is fed
to the blower motor on the bottom of the receiver-
transmitter.

f. Antenna. The ship’s supply voltage is fed
from the receiver-transmitter terminal boards to
the antenna drive motor and to the heaters. The
115-volt, 400-cps output is fed to the transmitter
synchro.

g. Indicator. The 115 volts, 400 cps are fed
from terminal boards on the receiver-transmitter
through the junction box to the receiver synchro
and the PPI power supply in the indicator.

86. Switch Box
(fig. 76)

Note. On schematics of power group components, power
symbols that are slightly different from radio symbols
are used.

The switch box controls all the primary power
to the equipment. When the operating handle is
in the on position, the ship’s line voltage is con-
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nected to the radar set. Fuses F601 and Fﬁﬁ
are in series with each leg on the load side O_ft!:ﬁ
switch cireuit for protecting the ship’s mail
power line.

87. Mctor Starter
(figs. 76 and 77)

2. When POWER switch S105 in the indicator
is rotated clockwise, line voltage is applied acros
the A-section of solenoid 1.602 through the noe
mally closed cutout contacts, and the cloged oo
tact of thermal switch S602. The solenoid Oper
ates and pushes out the operating rod. SI_IIGB'-W
operating rod is attached to a pin running be
tween the open ends of the U-shaped cleﬂﬁa--t_l_"
clevis is made to rotate through an arc about the

clutch shaft. o
. When the clevis is rotated, a finger on top

the clevis opens the cutout contacts, thus remm‘-
ing the short from the B-section of L602. Smf.
the voltage now is applied to the entire solenm_ﬂ
coil L1602, the current through the coil is reduced
to the value necessary to keep the solenoid €or¥
in place. Resistor R602 is connected across the
coil to dampen oscillations that may occur upo’
sudden application of power.
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Figure 75.

¢. Rotating with the clevis is the right-hand
clutch section to which is attached the movable
line contact; the right-hand clutch section rotates
until the movable and fixed line contacts close.
As soon as this happens, line voltage is applied
directly to the motor field for high starting
torque; and through resistors R603 and R604 to
the armature to limit the current to a safe value

Powper groups, block diagram.

T™ 1535-557

while the motor is accelerating. This is condition
1 (fig. 78).

d. The left-hand clutch section is attached to
the right-hand clutch section through the torsion
spring. As the right-hand clutch section rotates
to close the line contacts, the spring winds up and
tries to make the left-hand clutch section rotate
also. But attached to the left-hand clutch section
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Figure 76. Power group, schematic.
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CONTAGCT NO. |

LEFT~HAND
CLUTCH SEGTION

TIMER PINION GEAR

QUADRANT GEAR

TORSION SPRING
Figure 71. Motor starter,

is a quadrant gear coupled to a mechanical timer
(fig. 77). The timer slows down the rotation of
the left-hand clutch section so that movable ac-
celerating contact No. 1 will not close until 2 sec-
onds after the line contacts have closed. Closing
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simplified mechanical diagram.

of accelerating contacts No. 1 causes resistor R603
to be shorted out. More current is allowed to flow
through the motor. This is condition 2 (fig. 78).

¢. By making the arc through which movable
accelerating contact No. 2 moves greater than the
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arc through which movable accelerating contact
No. 1 moves, the No. 2 contacts are made to close
1 second after the No. 1 contacts. Closing of the
No. 2 contacts causes resistor R604 as well as R€03
to be shorted out. Full line voltage now is ap-
plié_d acmss the motor condition 3 (fig. 78).
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Pigure 78. Four conditions of motor starter operation.

f. When POWER switch S105 is turned off, all
contacts open up and no current flows through the
motor condition 4 (fig, 78).

g. To prevent an arc from forming between the
line contacts when they are opened, blowout coil
L601 is connected in series with the line contacts.
Line current flowing through blowout coil 1601
produces a magnetic field whose lines cross the
contacts. When the contacts are opened, the mag-
netic field between them diverts the arc current up
the arc chute.

h. All motor generator current flows through
heating element HR601. An excessive amount of
current flowing through this element causes it to
heat and make a bimetallic strip expand. The
expansion of the bimetallic strip causes a pair of
contacts to which it is linked to open and de-
energize the solenoid coil. De-energizing the sole-
noid opens all the contacts, thus removing the
power from the motor. After the bimetallic strip
has cooled, the relay contacts may be closed again
by pressing the RESET button. If the overload
persists, the cycle will be repeated.

88. Motor Generator
(figs. 79 and 202)

De applied to the motor turns armature E601,
which, in turn, rotates the generator rotor. Asa
result, the de input voltage is converted to an ac
output that can be used by the radar set.

a. De Motor. When voltage is applied to the
motor, current flows in the armature and in the
field windings. The interaction between the mag-
netic fields set up by the armature and the field
winding currents causes the armature to rotate.
The motor is compound-wound : four shunt field
windings spaced 90° apart produce constant

Py o VOI.TAGE T -i
TO STARTER < bkt -] o i
SOURCE VOLTAGE | MOTOR -t ::-] EEEE e e i
24 VOC PU-244 /5PN -11 i - 400 CVCLES |
32 VDC PU-245/ 5PN || 91 oz o3 fia ob or b8 Ow% R0 O @iz 013 AW | Tesol
115 voc PU-Z43/ 5PN~ 11 X 1 7 T .-
Al% Fi (F3 [aC  |AC —
‘W'l
AC WINDING
s
=000
" e 0 RN i
SEMOTp e e D o i o e s rb i S i S T 6.5 AMPS (715 RPM
24, 32, OR 115V 0C 1.8 HP v coos :
718 RPM COMPOUND WOUND e ST SRCL ™ 1sss-e
Figure 79. Motor generator, schematic.
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speed, and a series field winding increases the
starting torque.

b. Ac Generator. The opposite end of the arma-
ture holds the generator rotor. On generator
stator K606 are a dc winding and an ac winding.
The de winding acts as an exciter. When current
from the power source flows in the de winding, a
magnetic field is developed around the circumfer-
ence of the rotating field poles. This, in turn,
develops a rotating magnetic field. As the poles
of the rotor sweep past the ac winding in the
stator, an ac voltage is induced in the ac winding.
The speed of the rotor, the magnitude of the mag-
netic field, and the number of ac windings are
designed to generate an output of 115 volts, single
phase at 400 cps.

89. Voltage Regulator
(fig. 76)
a. Rheostat. By varying the resistance in
series with the exciter field, rheostat R601 varies
the current that flows through the exciter, and

-

thus the magnetic field around it. Because the
output of the ac generator is proportional to the
exciter magnetic field, varying the rheostat
changes the output of the generator.

b. Voltmeter. Voltmeter M601 is connected
across the output terminals of the ac generator

Thus the output volta
) age of the generator
observed. s

90. Miscellaneous Power Connections
a. Synchronizing Circuits (fig. 80). The 115

volt, 400-cps power is applied through SYN‘-
CHRO fuse F803 and MG OUTPUT fuse F :
on the convenience panel of the receiver-tra Bf)i
ter to the rotors of transmitter synchro ngml‘h
the antenna and receiver synchro B101 in th '1 1‘11
f:u,tm-. After passing through fuse F101 i
is rectified by erystal rectifier CR102 to ob the ac
for the . operation of synchro alinemo o
K101. Synchro alinement cam swit‘chesr:agt rea

S104 are in series with relay K101 501 ang

se02

[E¥HCHRD) F1ol Skice
T F803 2 AMP e
3AMP
R2 QR2
RIB3 2 clis
RE B0 | UF =
TRANS C
115 VOLTS SYNCHRO SYNGHRO
400 GPS
QR SYNCHRO
i ALINEMENT
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F804
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= \D 850! S104
OU.:gUT SYNGHRO ALINEMENT CAM SWITGHES
TMI535-559
Figure 80. Power for synch ronizing circuils.
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Figure 81. Power for blower motor and antenna drive motor.
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b. Blower Motor and Antenna Drive Motor
(fig. 81). _

(1) The receiver-transmitter blower assem-
bly consists of motor B801, a guarded
fan, a replaceable air filter, and duct
work. As soon as the switch box lever is
placed in the on position, the ship’s sup-
ply voltage is fed through heater HR601,
blowout coil 1601, and the line contacts

FEOI
5801 10 AMP
5 o S\ _p

’ ANTENNA
HEATER HEATER

SHIP'S
LINE HR 501 HR 502
VOLTAGE (OR HR503) (OR HR504)

A

THEHMOSTW.
5504

Figure 82. Healer circuit,

T™M I535-561

of the motor starter to the blower motor.
Air is drawn in through the filter and
blown up the duct to the magnetron and
to other transmitting system parts.

These parts are thus prevented from
overheating.

(2) The supply line voltage is then fed
thtough the two sets of contacts of AN-
TENNA MOTOR switch S802, fuse
F802, and ON-OFF switch S503 to an-
tenna drive motor B502, which causes
the antenna horn and reflector to rotate.

c. Heaters (fig. 82). To keep the oil in the an-
tenna pedestal fluid in the coldest weather, re-
sistors HR501 and HR502 are connected across
the ship’s supply through ANTENNA HEATER
switch S801 and ANTENNA HEATER fuse
F801 and thermostat S504. The thermostat keeps
the temperature in the pedestal between 40 and
45° by a bimetallic strip. When the temperature
reaches 45°, the bimetallic strip bends sufficiently
to open a pair of contacts that remove the supply
voltage from the heaters. When the temperature
cools to 40°, the bimetallic strip returns to its
original position and closes the contacts, thus re-
supplying voltage to the heaters.

d. Convenience Outlets. Two convenience out-
lets are provided: J804 is located on the con-
venience panel of the receiver-transmitter and
J105 is located in tha indicator. These outlets
are used to supply 115 volts, 400 cps to soldering

irons or other equipment needed for trouble-
shooting.

Section Ill. POWER SUPPLY CIRCUITS

91. General

Several de power supplies are incorporated in
the radar set. The table below lists the voltages
provided by these power supplies and indicates
the systems in which each voltage is used.

Power supplies
Low voltage Modu| ppy
Bystem
%‘"&g‘ Unregulated g g
nannaki:
<l il e #gil i |8 |8
Transmitting._________ 7, e P s 208 X
RECERSrtey. ~ - - |o_ 2l b ) b il L
Receiving. 7] el s o8 e 2| O] 1
Synchronizing and in- | X | X |__ | X | X | _ | __ | X
dicating,
il R ey ae e et B HESHERR oo KRN el

827711 0—55——6

92. Block Diagram
(fig. 83)

a. Low-Voltage Power Supplies. The 115
volts, 400 cps are fed to filament transformer T402
and to power transformer T401. These trans-
formers feed all the rectifiers in the low-voltage
power supplies.

(1) Unregulated supplies. Rectifier V401
produces +140 volts, rectifier V402 pro-
duces +320 volts, rectifier V403 produces

+600 volts, and the keep-alive rectifier
(V409 and V410) produces —900 volts.
(2) Regulated supplies. The output of rec-
tifier V403 is fed through voltage regu-
lator tubes V404 and V405 to obtain a
regulated output of +300 volts. Recti-
fier V406, together with voltage regula-
tor tubes V407 and V403, produces a
regulated output of —300 volts.



b. Modulator Power Supply. Filament trans-
former T303 feeds the transmitting system fila-
ments as soon as the power is turned on and the
low-voltage power supplies operate. Plus 320
volts are applied to time-delay circuit (V301 and
V302) which causes time-delay relay K301 to op-
erate after a period of approximately 3 minutes.
The relay allows power transformer T301 and
high voltage rectifier (V303 and V304) fo pro-
duce + 3,000 volts for the modulator. Relay K301
also operates magnetron filament relay K302,
which causes the magnetron filament voltage to
be reduced from 6.3 volts to 4.5 volts.

¢. PPI Power Supply. The 115 volts, 400 cps
are applied to power transformer T101. This
transformer produces a high ac voltage that is
rectified by V106 to obtain +5 kv for the PPI
anode. Filament transformer T102, which is in
parallel with T101, provides voltage for all the
indicator filaments and pilot lamps.

d. Filament Transformer. The 115 volts, 400
cps are applied to transformer '1:201, which feeds
the filament circuit of the receiving systern. For
a complete discussion of this circuit, refer to para-

aph 59.

~gre.PTest Meter M401. The +140-, +320-,
+300-, —300-, and +3,000-volt outputs may be
read on test meter M401 when test meter switch
$401 is placed in the appropriate position. T}Ee
115 volts, 400 cps output of the power group is
rectified by crystal rectifier CR401 to obtain de;
this dc is read by test meter M401 when test meter

switch S401 is on the 115 VAC position.

93. Low-Voltage Power Supplies
(fig 84).

Transformer T401 provides high voltage for all
the rectifiers in the low-voltage power supplies.
It is protected by fuse F401, which is mounted in
the front of the hinged panel. Transformer T402
is connected in parallel with T401 across the 115-
volt ac line and is protected by fuse F402. T402
provides voltage for all the rectifier filaments in
the low-voltage power supplies, except the keep-
alive power supply. The filaments of the keep-
alive (—900 v) power supply are fed by two small
secondaries on transformer T401. The separate
power supplies are discussed below.

a. Power Supply, +140-Volt. The ac voltage
developed across the center-tapped winding be-
tween taps 9 and 11 of transformer T401 is applied
to the plates of full-wave rectifier stage V401.

-

The rectified output is filtered by chokes 1404 and
1405 and capacitors C405 and C406, and then fed
to terminal boards TB401 (fig. 74) and TB801
(fig. 114).

b. Power Supply, +320-Volt. The ac voltage
across the center-tapped winding between taps 8
and 12 of transformer T401 is applied to the
plates of full-wave rectifier stage V402. The rec-
tified output is filtered by 1402, C403, 1403, and
C404 and then fed to terminal boards TB401 and
TB801.

c. Power Supply, +600- and +300-Volt. The
ac voltage across the center-tapped, high-voltage
secondary winding between pins 7 and 18 of trans-
fom.mer T401 is applied to the plates of full-wave
racta_ﬁar stage V403. The rectified 600-volt out-
put is filtered by C401, 1401, and C402 and the
fed to terminal board TBS801. Series remsbort;
R401, R402, and R403 act as a bleeder and as volt..
age divider. The +300 volts, developed acr
the lower two resistors, are stabilizeq by th tom
OD3/VR150 voltage regulator tubes % s
V405) that are placed aCross the ( 404 and
regulated +300 volts are feq ¢, ors.. Tha
TB401 and TB801.

d. Power Supply, —300-Voys
between tap 13 and tap 10, the :
transformer T401, is a.ppli’ed t,ogrt?:;ndad tap of
V406, which is used as a half-wave rect . *0® OF
output is filtered by C407, 1406, ang Cer. The
then applied across the bleeder and vo) 40? and
consisting of R407, R408, and R409, \t;:‘ﬁe divider
ulator tubes V407 and V408, across the Ita.ge e
resistors, keep the output constant ¢ — ;;Ber e
The —300-volt output is fed to TB401 and T};OR&

e. Keep-Alive (—900 Volts) Power S0k
The two tubes used are V409 anq v410u 3
1-volt filaments are fed through dro; o The
sistors R417 and R418. The voltage belzazﬁ tl:-
12 and the ground of transformer T401 is appli
through capacitor C409 to g point by

filament of V409 and the plate of vc:?élmmg the

(1) When the polarity of terminal 12 of
transformer T401 is positive, tube V410
conducts and capacitor (409 charges
through the tube to the polarity shown
(fig. 85®). The voltage across C409
reacl_les 450 volts, the peak value of the
applied ac.

(2) When the polarity of terminal 12 reverses
and 'become.s negative, V410 stops con-
ducting. The 450 volts across the sec-
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ondary winding are then added to the 450
volts present across the capacitor, pro-
ducing an effective 900 volts that are
applied across tube V409 through resistor
R414. Tube V409 conducts charging
capacitor C410 to a peak value of 900
volts as shown (fig. 85®)).

C409
\F N +]450V
+ _4-1-\
12 Q
450V
|O Lol

V4ai0

R4i4§

+ [c410

450V J | 290V
+

] TM1535-8
Figure 85. Keep-alive (—8900 volts) power supply, charge
and discharge paths.

94. Modulator Power Supply
(fig. 86)

Transformer T303 provides voltage for all the
filaments in the transmitting system. Trans-
former T301 is the plate transformer for the high-
voltage rectifier. Filament transformer T303 is
energized when the POWER switch (on the in-
dicator) is turned on. To guard the tubes in
tl_le t‘ransmitter circuits, a 3-minute time-delay
circuit prevents plate transformer T301 from ap-
plying voltage to the high-voltage rectifier (V303
and V304) until the tube filaments have warmed
up.

a. Del’a.y Cireuit,

(1) When POWER switch S105 (in the
indicator) is turned on, +820 volts are
applied to the plate of time-delay tube
V30?, causing it to conduct. Current
flowing through the cathode resistors
produces bias which limits plate current

84

flow. Capacitor C301 charges slowly
through resistor R301 to a positive valu,
and causes a decrease in grid bias, whiel,
increases the plate current. When thy
current approaches 2.4 ma, the voltags
across R302 is sufficient to ignite neoy
tube V302, which in turn shorts out re.
sistor R302. The resultant decrease iy
the cathode resistance produces a current
flow sufficient to energize time-delay relay
K301. The contacts of this relay closy
causing voltage to be applied to the pri.
mary of high-voltage plate transformep
T301. Resistor R304 and capacitor (30
protect the relay contacts from arcing.

(2) When neon tube V302 is replaced, the
starting bias of time-delay tube V30l
which affects the time of delay, should be
adjusted for optimum operation by vary-
ing the amount of resistance in the
cathode circnit.

(3) Contacts of magnetron filament relay
K302 normally short out resistor R31],
so that 6.3 volts are applied to the mag.
netron filament for rapid heating
When the time-delay circuit operates
voltage is applied to the coil of K302
The relay contacts open and remove the
short from across R311, thus reducing the
magnetron filament voltage to 4.5 volts

b. High-Voltage Rectifier. The voltage devel-
oped across the center-tapped secondary of plate
transformer T301 is applied to the plates of tubes
V303 and V304 in a full-wave, high-voltage recti-
fier circuit. The output is fed through the filter,
consisting of L301 and C304, and across the
bleeder, consisting of R305, R306, R307, and R308,
to the modulator stage.

¢. Safety Features. In addition to the time-
delay circuit, the following safety features are
present in the modulator power supply.

(1) Red pilot lamp I301, on the front of
the hinged panel, lights when plate trans-
former T301 is energized.

(2) Interlock switch S302 removes the vol-
age from plate transformer T301 whei
the hinged panel is opened. The switeh
is located on the bottom of the transmit-
ter chassis in the rear of the hinged panel-

(3) HIGH VOLTAGE switch S301 can b&
turned OFF to remove the voltage from
transformer T301.
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Figure 86. Modulator power supply, schematic.



(4) Fuses F301 and F302 protect trans-
formers T3801 and T303, respectively,
from overloads.

(5) Filter Z302 prevents the powerful trans-
mitter rf pulses from feeding back to
the other power supplies.

95. PPl Power Supply
(fig. 87)
The accelerating anode of the PPI obtains its
5 kv from the PPI rectifier. Filament trans-
former T102, mounted in the back of the indicator
(fig. 58), feeds all the filaments and pilot lamps
in the indicator.

HV RECTIFIER

.

a. Power transformer T101 applies & high se
voltage across V102 (2X2-A), which acls as s
half-wave rectifier. After the 5-kv outpyt mﬁl.
tered by C117, R139, and C118, it is fed througk
resistors R140 and R141 to the acceleratmg%

cap on the PPI.  The potential appearing st H. )4l
TEST jack J102 is that developed across th lower

portion of the voltage divider consisting of R4,
R143, R144, R145, R146, R147, and R148 The
voltage divider was put in as a safety featurs.
The 5-kv voltage on the accelerating anode can be
checked by reading the voltage at the H. V, TEST
jack; at this jack, the voltage is reduced ta anly i0
volts.

VI06
2X2-A
T'mn — RI40  RI4|
g 500K 500K
3 5 1 PT:I
RI39 RIA2
L 2 | I MEG N
2 ciz clis
)| Eze
I
— RI43
3 7 2MEG
S103 - 4
Tio2  VIOZ VIO4 VIO7 VIO9 RI44
I 3 VIOl VIO3 VIOS VIO8 VIO < 2MEG
o
et
4
2 RI45
. 2 MEG

J102

=
(éi JI05
»—
FlOl
IAMP
Figure 87.
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b. Transformer T102 feeds all the filaments in
parallel. In addition, a tap on the secondary is
used to supply pilot lamp I 104, and the three
lamps (I 101, T 102, and I 108) that illuminate the
face of the PPI. The amount of light on the face
of the PPI is controlled by DIMMER resistor
R179.

¢. The 115-volt, 400-cps input is applied directly
to J105, which can be used as an auxiliary outlet
for a soldering iron or other equipment needed for
troubleshooting.

d. Fuse F101 protects both transformers. F102
is additional protection for transformer T101.
S103 is an interlock switch that. opens the high-

voltage circuit when the indicator coverplates are
removed.

96. Test Meter Circuit
(fig. 88)
Test meter M401, together with the two sections
of test meter switch S401, is used to read the volt-
age outputs of all the power supplies, except for

the PPI and the keep-alive power supplies. In
addition, the meter reads the 115-volt, ac output

of the power group and the current that flows
through the magnetron.

@. Plus 140 Volts. The output of the +140-volt
power supply is fed through multiplier resistor
R406 to terminal number 3 of section 2 of test
meter switch S401. When switch S401 is placed
in the +140V position, terminal 3 of section 2 is
connected to the plus side of test meter M401; the
minus side of test meter M401 is connected through
terminal 3 of section 1 to ground. The meter and
multiplier are thus placed across the +140-volt
supply.

b. Plus 320 Volts. The output of the + 320-volt
power supply is fed through multiplier resistor
R405 to terminal number 4 of section 2 of test
meter switch S401. When switch S401 is placed
in the +320V position, terminal 4 of section 2 is
connected to the plus side of test meter M401; the
minus side of test meter M401 is connected through
terminal 4 of section 1 to ground. The meter and

+300V
I et % 20V REG »TO TB40I-8
R404
500K
*1% + =
6% Q’g} M40
= gt‘ ¥ s4o01 __ (O-Ima)
e ]1 A = TOJUNGTION
3 ! 1 H F
R405 (+320v] fa MAG.1. 4-5 MA L304 & R322
300k ﬁ\ ¥
1% — -1t >R308
M HV
R406 SECTION 2 [{s00; " > | L
500K REAR |
TO JUNCTION 1%
OF = " LTS UNHES +TO TB40I-10
L405 & C406 +320V UNREG »TO TB40I-12
o —300V REG +TO TB40I-I
TO JUNCTION 3
OF e M
L403 & C404
TO V407 «— 5V
>400 CPS
INPUT
SECTION |
REAR
R410 R412
82K 50K
2W
™ 1535-194

Figure 88. Meter circuit, schematic diagram.
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multiplier are thus placed across the +320-volt
supply.

¢. Plus 300 Volts. The +300-volt output pro-
duced by the +600-volt and +300-volt power sup-
ply is fed through multiplier resistor R404 to
terminal b of section 2 of test meter switch 5401.
When switch S401 is placed in the +300V REG
position, terminal 5 of section 2 is connected to the
plus side of test meter M401; the minus side of
test meter M401 is connected through terminal 5
of section 1 to ground. Although the test meter
reads only the -+800-volt regulated output, it in-
dicates also the condition of the +600-volt section
of the power supply.

d. Minus 300 Volts. The output of the --300-
volt supply is fed through multiplier resistor R413
to terminal 6 of section 1 of test meter switch S401.
When switch S401 is placed in the —300V REG
position, terminal 6 of section 1 is connected to the
minus side of test meter M401 and the plus side
of test meter M401 is connected through terminal
6 of section 2 to ground. The voltmeter is thus
placed with the proper polarity across the -—300-
volt output.

e. Plus 3,000 Volts. A voltage divider consist-
ing of R305, R306, R307, and R208 is across the
output of the modulator power supply. Because
the resistance of R308 is one-tenth the resistance
of the entire divider, the actual voltage across
R308 is only 300 volts. This voltage is fed to
terminal 2 of section.2 of test meter switch S401.

-

When switch S401 is placed in the MOD. H. V.
3,000 (300) position, terminal 2 of section 2 is
connected to the plus side of test meter M401; the
minus side of test meter M401 is connected through
terminal 2 of section 1 to ground.

f- 116 VAC. The 115-volt,400-cps output of the
power group is fed through R412 and R410 to
crystal rectifier CR401. When line M (fig. 88) is
minus and line N is plus, electrons ﬂov\; down
through rectifier D, from right to left across R411
down through rectifier B to line N. When M -
plus. and N is minus, electrons flow u tlr:ro A
rectifier A, from right to left thmughpR‘ul ugh
t_hroug!l C to M. In both cases electro ?ﬁup
iro'n! right to left through R411 ’ b
larities across it as shown T} and Qroduoe e
3 ; - Lhe plus side of R41]
is fed to terminal 7 of section 9 o .
switch S401. When switch 5401 ; o test IR
115 VAC position, termina] 7 . 18 placed in the
ne'cted f.o the plus side of ;) section 2 jg con:
minus side of test meter M40 e cmeter M401; the
terminal 7 of section 1 to the mionne‘ftﬁd through_
The test meter thus reads the retcl:;l‘s Side of R41]_
Resistor R412 is used to adjust the ; de output_
ing to the same value indicated |, tt}?Bt' Meter yronde
voltage regulator. Y the metey. on the

g. Magnetron Current. |
switch S401 is in the MAG
position, the cathode of the
with test meter M401 and gr
(fig. 15), shunted across th
to act as a current meter,

When

test
L4-5 Ma ( 400_“0;.?
Mmagetrop is in iy )
ound, ReSist,Orsenm



CHAPTER 7
COMPLETE BLOCK DIAGRAM

97. Purpose of Block Diagram

The complete block diagram of Radar Set
AN/SPN-11(*) can be used as a quick review of
the theory by a radar repairman who has not
worked with this equipment for some time. The
block diagram also enables a repairman who is
familiar with radar principles but is not ac-
quainted with this particular set to gain a basic
understanding of this equipment. In trouble-
shooting, the block diagram is invaluable because
it enables the repairman to narrow the trouble

down to a particular circuit before referring to a
more detailed schematic.

98. Timing
(fig. 89)

a. Pulling down the lever in the switch box ap-
plies the ship’s line voltage through the motor
starter to the motor generator. When it reaches
normal speed, the motor generator produces an
output of 115 volts 400 cps. This voltage is ap-
plied through the terminal boards and the con-
venience panel on the receiver-transmitter to all
the filament and power transformers, except the
plate transformer of the modulator power supply.

b. The master blocking oscillator in the timing
circuits of the transmitting system produces trig-
gers at the rate of 1,000 per second. These triggers
are fed to the one-shot multivibrator in the syn-
chronizing and indicating system. The one-shot
multivibrator places into operation the sweep
circuits, which cause a line to be traced from the
center of the PPI screen to the edge. When the
antenna horn is made to rotate, the deflection coil
rotates in synchronism with the antenna horn,
causing the sweep to cover the entire face of the
PPI. The one-shot multivibrator also develops
an unblanking pulse that is fed to the PPI grid
to prevent the return trace of the sweep from
being visible on the face of the PPI. In addition,
the one-shot multivibrator triggers the range mark
cireuits, which produce pulses that are applied to
the cathode of the PPI to form circles on its face.

These circles represent distances from the radar
set.

c. Three minutes after all the other power sup-
plies have been placed into operation, the modu-
lator power supply goes on. In addition to firing
the circuits in the synchronizing and indicating
system, the timing circuits now trigger the modu-
lator. All the important pulses are as shown in
figure 89.

(1) Operation of the modulator causes the
magnetron to produce a .4-microsecond
burst of rf energy (not shown to seale in
figure 89). The rf energy is fed to the
antenna. Some of the energy is fed to
the afc, which controls the output of the
klystron local oscillator.

(2) The unblanking pulse starts at the very
moment the magnetron is fired. The
pulse time duration is determined by the
setting of the RANGE switch.

(3) The sweep signal starts the same time
the unblanking pulse starts. Its length
is the same as the unblanking pulse.

(4) On the 3-mile range, the range mark cir-
cuits produce three range marks equally
spaced across the length of the sweep.
On the 1-, 8-, and 20-mile ranges, the
range mark circuits produce two, four,
and four equally spaced range marks, re-
spectively.

(5) Returning echoes go through the mixer
and signal circuits of the receiving sys-
tem and are converted into video signals.
These signals go through the video cir-
cuits to the cathode of the PPI in the
synchronizing and indicating system.
The video signals appear as intensified
spots on the PPT screen. Their location
on the time base is determined by the dis-
tance between the targets and the radar
set.

d. One-thousandth of a second after the pre-
vious trigger, another trigger sets off the mag-
netron, the unblanking pulse, the sweep circuits,
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and the range mark circuits. Again the returning
echoes appear as intensified spots on the screen.
The fast repetition rate produces a steady picture
on the screen.

' |
TIMING h 1 i '\
CIRCUITS 15 ] |
TRIGGER 1 1 |
i |
) . |
MAGNETRON : !
PULSE ) : l
|

UNBLANKING |

|
|
|
I
PULSE 1l 1 ' :
i) !
| |
[ 1 |
SWEEP | 1 | |
| |
v v
|
1
RANGE [ u k ! : k
MARKS ] : !
a us—-: t-— |
o .00! SEC =

TM I1535-20I

Figure 89. Radar timing chart.

99. Block Diagram
(fig. 211)

Functionally, the radar set is divided into five
gystems: the transmitting system, the rf system,
the receiving system, the synchronizing and indi-
cating system, and the power system. Each sys-
tem in the block diagram is inclosed by a block
made of heavy solid lines. All systems, except
the rf system, have groupings of stages that act
together and are called circuits. These circuits
are inclosed by blocks made of broken lines. Sig-
nal paths on the diagram are shown by solid lines
with arrow heads, mechanical connections by
dashed lines, and wave guides by double lines.
The separate systems are described below.

a. T'ransmitting System.

(1) Timing circuits. Master blocking oscil-
lator V30TA produces the positive trig-
gers that control the timing of the entire
radar set. This timing is adjusted by
R313. These pulses are fed directly to
the one-shot multivibrator V101 in the
synchronizing and indicating system and
to the stc circuits in the receiving sys-
tem. The trigger pulses are run also

through the rest of the timing circuits
to produce a sharp leading edged pulse
that is applied to the modulator.

(2) Transmitter circuits. After a delay,
power is applied through resonant
charging choke 1.302 to modulator V305,
Modulator stage V305, with the aid of
pulse forming network Z301, produces &
4-microsecond pulse. Magnetron pulsy
transformer T302 couples this pulse to
Lnagnet;on V306, which produces an rt

urst of energy of th
ki gy e same length of

b. Bf System. The rf energy is
duplexer, the fixed wave-guid?; oinftegszl;;o&g h::;
the rotating wave-guide joint, assembly to t{:a n
tenna horn and reflector. The TR tube ; tg
energy from entering the receiving g S'I;’el"'afv'em'!‘
burning out signal erystal CRogy F)f\' m ang
picked up by the antenna reflectoy * Kchoes are
are coupled through the same Wavand }}om ang
duplexer to signal erystal CRg0y ine guides ang
system. The anti-TR tube prevents tt-he receiving
entering the transmitting system. ®echo from

¢. Receiving System.

(1) Miwer circuits. Echo si
bined with klystron loe
signals in signal cr V203
duce an if. of 30 mc}.’Sta] CR201 ¢4
the klystron local osc;
justed by REFLEchrcgl“t“" may be ad.

trol R250. Part of thR TUNING con-

e rf
the magnetron is fed thro energy from

ator to afc crystal CRﬁggh t'?’;:t:g:

netron frequency is comh: ;
klystron local osggllatorlftz-l;::leed N
duce an if. of 30 ich 1 T O

n if, me, which is feq to the
afe circuits. CRYSTAT, CURRENT
meter M201 reads afe crystal current
or sngnftl_ crystal current, depending on
the position of AFC XTAT, I-SIGNAL
XTAL I PUSH switch,

(2) Afecircuits. The afe circuits are placed
into operation when switch S202 is placed
in the AFC OPERATION position.
The if. from afe crystal CR202 is ampli-
fied by afc if. amplifiers V213 and V214
and is fed to afc discriminator V215.
The discriminator produces positive,
negative, or no pulses depending on
whether the if. is below, above, or at 30
me. These pulses, when applied to afe



(3)

(4)

pulse amplifier V216, are inverted.
When the inverted pulses are fed to
charging diode V217 and phantastron
V218, an output is produced that causes
the klystron local oscillator to lock at
30 me.

Signal circuits. The signal if. is ampli-
fied by V204 to V210, detected by V211,
and coupled through cathode follower
V212 to the video circuits of the syn-
chronizing and indicating system. The
GAIN control varies the sensitivity of the
signal circuits.

Ste circuits. The trigger pulse from
master blocking oscillator V30T A sets ste
generator V219A into operation at the
beginning of each sweep. The generator
produces a pulse that is coupled through
ste cathode follower V219B to the gain
line of the signal circuits. The pulse
reduces sea return. The amplitude of the

ste pulse is varied by SUPPRESSOR
control R181.

d. Synchronizing and Indicating System.

(1)

(2)

(3)

PP{. The PPI displays range and bear-
ing information. The 5 kv from the PPI
power supply is applied to the second
anode to accelerate electrons from the
cathode to the screen. The sweep voltage
is applied to deflection coil 1.101. Plus
320 volts are applied to focus coil 1,102
through FOCUS control R138. The in-
tensity of the trace on the screen is deter-
mined by INTENSITY control R135,
which varies the potential on the first
grid.

One-shot multivibrator. One-shot multi-
vibrator V101 sets off the sweep cireuits
and the range mark circuits. It also pro-
duces the unblanking pulse for the grid
of the PPI.

Sweep circuits. Sweep generator V102A
produces a straight line sweep at the same
time that the magnetron is fired. The
length of the sweep is determined by the
setting of RANGE switch S101 and by
individual controls R117, R118, R119,
and R120. The sweep generator output
is amplified by voltage amplifiers V102
and V103 and by current amplifier V104,
When CENTER EXPAND switch S102
isplaced in the ON position, the deflection

(4)

(5)

(6)

(1)

coil current does not reach zero in the
time between sweeps, and the PPI indi-
cation is a dark circle in its center. De
restorer V102B keeps the PPI trace
steady.

Range mark cireuits. Range mark oscil-
lator V107A produces oscillations whose
frequency is determined by the setting of
RANGE switch S101 and by individual
controls 1.103, 1.104, 1,105, and L106.
After the waves are fed through V107B,
V108A, and V108B, they become sharp,
well-timed pips. These range marks are
applied to the video circuits.

Video circwits. The amplitude of the
range marks is varied by RINGS control
R165. The range marks then are applied
to video mixing amplifier V109B. The
amplitude of the video signals from cath-
ode follower V212, in the receiving sys-
tem signal circuits, is varied by CON-
TRAST control R160. The video signals
then are applied to video mixing amplifier
VI09A. A crystal rectifier between the
two video mixing amplifiers prevents
blooming. The range marks and the
video signals are fed through video out-
put amplifier V110 to the PPI cathode.
Synchronizing circuits. Geared to the
rotating antenna horn is transmitter
synchro V501, which sends an error signal
to receiver synchro B101 (in the indi-
cator). The receiver synchro, in turn,
causes deflection coil 1.101 to rotate about
the neck of the PPI, in synchronism with
the antenna horn. Synchro alinement
cam switches S501 (in the antenna) and
S104 (in the indicator) aline the two syn-
chros when the radar set is first placed in
operation. Heading flash cam switch
S502 (in the antenna) controls the head-
ing flash circuit (in the indicator) to pro-
duce fore and aft heading flashes on the
PPI screen. HEADING FLASH con-
trol R187 controls the voltage that the
heading flash circuit applies to the PPI

cathode, and thus controls the intensity
of the flashes.

e. Power System.,

Power group. The ships’ line voltage is
fed through the switch box to the antenna
drive motor, the heaters, and the blower

N
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(2)

motor. The motor starter does not oper-
ate until POWER switch S105 (in the
indicator) is turned on. The motor
starter applies power to the motor gener-
ator gradually. As soon as the motor
generator reaches 115 volts, 400 cps,
power is produced. The voltage regu-
lator controls the output of the motor
generator.

Power supply circuits. The 115-volt, ac
power feeds the low-voltage power sup-
plies, the modulator power supply, and
the PPI power supply. The low-voltage
power supplies produce +300- and —300-
volt regulated outputs and +600-,

+140-, and +320-volt unregulated out-
puts for operating the transmitting, re-
ceiving, and synchronizing system stages,
and —900 volts for application to the TR
tube in the rf system. The modulator
power supply contains a time-delay cir-
cuit that prevents high voltage from
being applied to the modulator until the
filaments in the transmitter cirenits have
warmed up. The PPI power supply is
located in the indicator, and it provides
5 kv for the second anode. Test meter
M401, together with test meter switch
S401, is used to determine the conditi

of the power supply cireuits, T



PART TWO
TROUBLESHOOTING AND REPAIR
CHAPTER 8
SYSTEM TROUBLESHOOTING

Section |. INTRODUCTION

100. General

Part two of this manual contains all informa-
tion needed for troubleshooting and repair of the
equipment. This chapter contains information
that will enable the repairman to determine in
what system (transmitting, rf, receiving, synchro-
nizing and indicating, or power) the trouble lies.
The chapters that follow contain information and
procedures to enable the repairman to pin down
the trouble to a definite part, and to repair it.

101. Numbering System

To facilitate part location, a block of numbers
has been assigned to each system or component
group according to the following table.

System Component or component group ] Vt'l‘]'&?{”
|
Transmitting. ._____| Part of receiver-trans- | 300-399
mitter (includes mod-
ulator power supply).
T s et Antenna (includes some | 500-599
parts of synchronizing
cireuits).
Receiving....__.._ .| Part. of receiver-trans- | 100-199
mitter (includes du-
plexer).
Synchronizing and | Range and azimuth in- | 100-199
indicating. dieator (includes PPI
power supply). |
Synchronizing and | Junction box____________ 700-799
indicating.»
L e I Power group: 600-699
Motor generator, |

motor starter,
switch box, and
voltage regulator. |
~ms= | Part of receiver-trans-
|  mitter (low-voltage
| power supplies).

* For troubleshooting purposes, the junction box can be considered as being
in the synchronizing and indicating system.

oW . 400-499

|
dystem | Component or component group Ng{gﬂb:r
|
|
Power b Convenien
b e, :nience panel and | 800-899
terminal boards on bot-

tom of receiver-trans-
mitter,

b Most of the points on the convenience panel and the terminal boards are
in the power system,

102. Troubleshooting Data

This paragraph presents a general description
of the troubleshooting data and procedures con-
tained in this manual. A specific listing of appro-
priate charts and figures is presented before each
troubleshooting section in the chapters that follow.

a. Block Diagrams. The block diagrams pre-
sent the electrical and mechanical interrelation-
ships among the systems, circuits, and stages of the
radar set. By determining the symptoms and
then reasoning back to the causes, it is often pos-
sible to trace the trouble to a particular box on
the block diagram.

b. Component Schematics. These schematics
show all the circuitry present in each of the major
components. The range and azimuth indicator
schematic (fig. 214) includes the PPI power sup-
ply. The antenna schematic (fig. 159) includes
the antenna drive motor, the heaters, and the parts
of the synchronizing circuits that are mounted on
the antenna. The receiver-transmitter cireuitry is
presented in three separate schematics. Figure
212 shows the transmitting system, together with
the duplexer, the low-voltage and modulator
power supplies, and the test meter circuit. Fig-
ure 213 shows everything that is mounted on the
receiver chassis, except the duplexer. Figure 113
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shows the terminal board and convenience panel
cireuitry.

e. Cabling Diagram (fig. 219). This diagram
shows how the radar set components are connect-
ed. It indicates wiring between terminal boards
and plugs of one component and terminal boards
and plugs of another component. This diagram
is especially useful for tracing trouble between
components.

d. Power Distribution Diagram (fig. 220).
This diagram indicates the relationships among
the power group components and the vario'us
power supplies. It shows all the .fuses:; and cir-
cuits they protect. Therefore, this diagram is
helpful for troubleshooting in the power system.

e. Wiring Diagram. After the trouble has been
traced logically to a part on the schematic, .tha
wiring diagram can be used to f.ind the physical
location of that part. Wiring diagrams are pro-
vided for the following four ur_lits or ‘cha.ssls: the
indicator (fig. 218), the transmitter (fig. 215), the
low-voltage power supplies (fig. 216), and the
receiver (fig. 217).

f. Wave-Form Charts. These charts present
pictures of wave forms that occur in diﬂ'farent,
parts of the radar set. They are useful for signal

103. List of Test Equipment

L
tracing. Wave-form charts are given in
the following troubleshooting chapters. Thes?
g. Voltage and Resistance Charts. Lt
charts show the normal voltage and 7esi®™
readings at all tube socket pins and other jmp?
tant test points. They are helpful ir tl'”'c o
trouble to a specific part. Voltage and res! bl
charts are given in each of the following trov
shooting chapters. 4o

h. Color Codes. Resistor (fig. 209), capsmﬁr
(fig. 210), and transformer color codes areé P
vided to enable the repairman to identify Part:

2. Component Views. Top, bottom, side, frof‘ts’
back, partial, and exploded views of compo?
are provided. Enough call-outs are includ
enable the repairman to find and repair any ©
trical or mechanical part.

j. Alinement Chart (fig. 221). This chart gq\rﬁ
a comprehensive vi?w of the entire alinement P
cedure. The experienced repairman cap yse it
a reminder of the alinement Parameters.

k. Final Test Chart (fig. 222) Thig gy py git®
a comprehensive view of the entire fing] testind
procedure. The experienced repairman can uselt
as a reminder of the final testing Parameters,

Name of equipment and nomenclature

Directional Coupler CU-78/UP____________________..___
et N N 4T/ T PO s somitilen a7 Lo fuvan Dol

Frequency Meter T8-828/U.___ ... . . _
Crystal Rectifier Test Set TS-268/U._ . ___________.___
Radio Frequency Indicator TS-446/U_____._______.______
Yoltage: Divider TE=085/ TP . o cim aimeie b B e B

Signal Generator TS-452A/U__ - - oo
L D e R N R T L0 SN et R e S e e Bl e 1T s
Range Calibrator TS-102A/AP_ o
Square Wave Generator TS-583A/U__ . ...
Radio Frequency Test Load TS-108A/AP. . _.___________
Spectrum Analyzer TS-148/UP_________________________

— __‘_\_‘_-_-__/
Figuro Purpose TM or ygAF NO:
— _‘__________________'_/
90 | Measure magnetron frequency, | TM 171-1247
power level.
91 | Check 400 cp8- - - - - - ___
92 | Test crystal rectifiers_ . ... ____| TM 11-1242

E| L BT (o] i o e e S R S S
94 | Enable high-voltage pulses to | TM 11-1241.
be observed on scope.

965 |IF I alinement- 2= ... .. _ .
96 | Testmagnet . ____._______._. TM 11-2559
97 | Calibrate range marks___
98 | Test ste and other amplifiers_.___| TM 11-5024-

100 | Measure magnetron frequency. | TM 11-1249:

Electron Tube Test Set TV-7/U. . ________.___ 101 | Test tubes....._._____________ TM 11-5083:
Osoillogeops TH-GAA/AP. - .o rcaboensmnasmnncmmnmns 102 | View wave forms_.____________ TM 11-1067A
Test Set AN/GPM-1 Oscilloscope TS-239/UP____________ 103 | Depot maintenance.___________ TM 11-1080
. TM 11-1260:
Audio Oscillator TS-382A/U__________...__________ L0001 P W M b TM 11-2684A
Guli T e e 08 SRS TR AT R I SRR A [N L
Multimeter TS-352/U_ ... L0814 L S T i T 5
DRt B BB e oo eamnnttr | OB o T e T M 11-5527:
DAl Generator T=292A o o in e oo 3 el T o e st R ™ ll—rosz'
Electronic Multimeter TS-508/U..____.___________ 107 | T
_./
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Figure 90, Test Set TS-147/UP.
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TL327148

Figure 91. Frequency Meter T8-328/U.
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Figure 95. Signal Generator T'S—J-‘?.:‘.&/U.
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Figure 96.  Fluameter TS-15B/AP,
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CORD CD-800 (CCAXIAL
CABLE 5FT)

CORD CD-800 (COAXIAL |
CABLE 5 FT) '

RANGE CALIBRATOR TS-102/AP CORD CX-154/AP (POWER
CORD 15 FT)

T™ 535-55!

Figure 97. Range Calibrator TS-102/AP.
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Figure 98. Square Wave Generator TS a834 /U,
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Figure 99. Radio Frequeney Test Load TS-108/AP.
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Figure 100,

Spectrum Analyzer ps. 148/0p.
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Figure 101. Rlectron Tube Tester Set TVv=1/U.
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Figure 102, Oscilloscope T8-34A/AP,
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TL724905
Figure (03, Oscilloscope TS-239/0P.
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CASE CYy-688/U

AUDIO OSCILLATOR
TS-382A/U

SPARE FUSES, ADAPTER

PILOT LAMPS, AND DUMMY LOAD CONNECTOR

THERMISTOR BULBS DA-35/V UG-514/U
TMI535-563

Figure 104. Audio Oscillator TSE-3824/U,
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Figure 105, Mullimeter TS-352/0.

107
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Figure 106. Signal Generator I-222A.
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Figure 107. Electronic Multimeter TS-505/U.
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104. Tools
a. Tools Supplied With Radar Set.

(1) A wave-guide clamp spanner wrench
(fig. 108) (stock No. 6R57534-1) is used
to loosen or tighten the wave-guide clamp
on the receiver-transmitter. The wrench

is attached to the side of the lower duct.
(fig. 18).

TM 1535-589

Figure 108. Wave-guide clamp wrench.

(2) An Allen wrench (stock No. 6R57400-6)
is used to adjust the indicator synchro
alinement cam, The wrench is located
in the indicator (fig. 58).

(3) A klystron and erystal tool (stock No.
6R38472-1) is used to adjust the tuning
strut on the klystron local oscillator and
to remove the signal and afc ecrystals
from their holders.

(4) A spark gap gage, which is used to adjust
the size of the spark gap, is mounted on
each spark gap (fig. 121).

b. T'ools Not Supplied. Tools shown in figures
109, 110, and 111 are especially helpful in trouble-
shooting. The following are not supplied:

(1) Pliers, stock No. 6R4765-5.3

(2) Pliers, stock No. 6R4764-5.7

(3) Pliers, stock No. 6R4764-15.5

(4) Gage, stock No. 6Q45701.15

(5) Tool Equipment TE-113

(6) Moisture and Fungus Proofing Kit
MK-2/GSM

(7) Tool Equipment TE-114

(8) Tool Equipment TE-73 (revised)

(9) Flashlight MX-991,0

(10) Lantern MX-290/CV

105. Improvised Tools

Certain improvised tools (fig. 112), necessary
for maintenance of the power group, must be con-
structed by the repairman in the field. Dimen-
sions on tools No. 1 and No. 3 are approximate.
The construction of these tools is described in a
through 4 below,

a. Commutator Undercutting Tool (1, fig. 112).
The commutator undercutting tool is used for un-
dercutting the mica insulation between the copper
bars of the commutators (par. 215). Construct
the tool as follows:

(1) Cut an old hacksaw blade to approxi-
mately 414 inches,

(2) Grind the blade down to the exact width
of the space between the commutator
bars on the commutator,

(3) Cut a slot approximately 1 inch deep in

a block of wood.

(4) Insert the blade into the slot of the
wooden block.

(5) Wrap the joint with friction tape or
heavy cord,

b. Bearing Remover (2, fig. 112). The bearing
remover is used in the removal of bearings from
the end bell assemblies (par. 2445).
the tool as follows:

(1) Obtain or make a wooden dowel about
1344 inches in diameter.

(2) Cut the dowel to approximately 12
inches.

Construct

(3) Remove all splinters.
(4) Use the tool as described in paragraph
249,
¢. Bearing Inserter (3, fig. 112). The bearing
inserter is used for inserting a bearing in the end
bell bearing housing (par. 245). The tool pre-
vents damage to the bearing or the housing by
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1. MALLET
2.6" FLAT FILE, 2ND CUT
3. CLAW HAMMER
4.BALL PEEN HAMMER
5. SANDPAPER,, NO."0000

110

Ky,
oz

A
«é;{:'b‘ L5/
5

14
6. DIAGONAL CUTTING PLIERS, 5" Il. SCREW DRIVER, 6" BLADE
7. LONG NOSIEED PLIERS, 6" %12, PINCH BAR
8. SLIP-JOINT PLIERS, 6" %13, HACK SAW .
9. SCREW DRIVER, 3" BUADE 14. OFFSET BOX WRENGH,I-5/18
10. SCREW DRIVER,4" BLADE X I-172" ruasio iR

Figure 109. Representative tools,




165, WHEEL PULLER, 9" 18. ELECTRIC DRILL
16. TWIST DRILLS, 1/4%, 516" ,17/32" 19 . OPEN END WRENCHES,
I7. SOLDERING |RON SIZES: 5167, 11/327, /16", 1/2", 916", 137167, 7/8"

20. OFFSET ADJUSTABLE WRENCH, 12"
TH 1338-480

Figure 110. More representative tools.
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74 TM 1535-100

Figure 111. Scale.

(1) Cuta strip of wood 6 inches long, approx=
imately 3¢ inches thick, and 115 inches
wide.

(2) Cut several strips of canvas, the same
width and length as the strip of wood.

providing equal pressure about the circumference
of the bearing. Construct it as follows:
(1) Obtain a length of iron pipe with a 114-
inch outside diameter.

(2) Cut the pipe to approximately 9 111ch.es. (3) Wrap the canvas strips around the end
(3) Remove the burrs on the cut surfaces with of the strip of wood.
a file. (4) Rivet the canvas strips to the strip of
d. Commutator Burnisher (4, fig. 112). A com- wood. If rivets are not available, use
mutator burnisher, or cleaning tool, is used for wire, cord, or several strong rubber bands
maintenance of the commutator surfaces (par. to hold the canvas strips on the strip of
215). Construct the cleaning tool as follows: wood.



WIDTH OF HACK SAW BLADE

3o
4

9" (APPROX.)

B

|. COMMUTATOR UNDERCUTTING TOOL
2. BEARING REMOVER

106. Troubleshooting Steps

Troubleshooting methods, to be effective, depend
on the functional organization of the radar set.
The radar set is organized as follows: five major
gystems—transmitting, rf, receiving, synchroniz-
ing and indicating, and power—are each composed
of two or more circuits: each circuit is broken
down into stages; and each stage has many parts.
The first step in troubleshooting is to sectionalize
the fault to one of the major systems. Then the
trouble should be traced to the defective circuits,
to the inoperative stage, and finally, to the faulty
part,

a. Sectionalizing the Fault to a System. The
following methods of troubleshooting are useful

3427711 0—55——8

PORTION OF
HACK SAW BLADE

IRON PIPE

Figure 112. Improvised tools.

SEVERAL |
CANVAS
STRIPS

RIVETS

3. BEARING INSERTER

4. COMMUTATOR BURNISHER T™ 5510-39

Section Il. TROUBLESHOOTING PROCEDURES

in determining in which system the trouble lies.

Paragraphs 114 through 116 contain a discussion
of these procedures in detail.

(1) Visual. Check all fuses. Check meter
readings. Watch for smoke that may
indicate the location of shorted parts.

(2) Starting procedure. By logical reason-

ing, abnormal indications may be used to
trace the breakdown to the system and
occasionally to the circuits in the system,
responsible for the trouble.

(3) Cable continuity. Check continuity of
cables with an ohmmeter to determine if

trouble lies in a system or in the cables
that connect the systems.
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b. Tracing Fault to Group of Circuits or to a
Stage. After the fault has been traced to a sys-
tem, refer to the appropriate troubleshooting
chapter, where the following information will be
found :

(1) General troubleshooting chart. This
chart gives probable cause of troubles
that are often encountered, but it is not
foolproof. Further testing is almost
always necessary.

(2) Twbe and erystal troubleshooting charts.
These may lead directly to the tube or
crystal at fault. Always test the tubes
and crystals before assuming they are
faulty.

(3) Wawe-form tracing. This
often can lead the troubleshooter, not
only to the stage at fault, but to bad parts
around a pin on the tube socket.

(4) Terminal boards. The terminal boards
on the bottom of the receiver-transmitter
are useful in tracing faults in the power
system. They are also helpful in check-
ing gain, ste, and heading flash circuits.
Check the terminals with a voltmeter.

¢. Pinning the Fault Down to a Part. The
tube, crystal, resistor, capacitor, coil, or trans-
former at fault can be determined by the following

procedure

procedures.
(1) Voltage and resistance reading. Use

the voltage and resistance charts to de-
termine normal readings. Abnormal
readings indicate defective parts.

(2) 7Twbe checking. Use the tube tester to
check any tubes that the tube trouble-
shooting chart indicates may be defective.

(3) Orystal checking. Use the crystal recti-
fier test set to test any crystals that the
erystal troubleshooting chart indicates
may be defective.

d. Intermittents. When all the above proce-
dures have proved ineffective, check the equipment
for intermittents. Jarring suspected parts, or
tapping the chassis, may help in determining the

trouble.

107. Voltage and Resistance Readings
Voltage and resistance measurements are an al-
most indispensable aid to the repairman, because
most. troubles produce voltages or abnormal re-
sistance readings. Voltage readings are usually
taken first since they enable the repairman to iso-
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late the trouble more quickly than resistance resci-
ings. However, an incorrect voltage reading
across a part does not necessarily mean that that
part is at fault. The trouble might lie in & re-
lated part. Therefore, the final check should T
with an ohmmeter,

a. Normal Values, Normal voltage and resise -
ance readings are given in the voltage and resist-
ance charts. These values are measured bet weers
socket pins, plugs, and other test points, and
ground, unless otherwise stated. Remember thas
socket pins are numbered in a clockwise direction
when viewed from the bottom of the chassis. Omn
octal sockets, the first pin clockwise from the key-
way is pin 1. Plugs and receptacles are numbered
on the side to which the associated connector is

attached.

b. Cawtions.
(1) Turn off the power before making any

resistance measurements.

(2) Discharge capacitors with a screwdriver
before making resistance measurements.

(3) Be sure the voltmeter used has the same
ohm-per-volt rating as that indicated in
the voltage and resistance chart you are
using.

(4) Be sure all the controls on the equipment
are set as instructed in the voltage and

resistance chart used.

(5) Always turn the voltmeter to the highest

seale before taking a reading.

0. High-Voltage Readings. When measuring
voltages greater than 300 volts, shut off the power.
Then, connect the hot test lead, step away from
the voltmeter, turn on the power, and note the
reading on the voltmeter. Do not touch any part
of the voltmeter, particularly when measuring the
voltage between two points that are above ground.

d. Readings Between Points Not in Charts.
(1) To find the voltage between points A and
B, subtract the voltage given for point A
to ground from the voltage given f?r
point B to ground. If the voltage at pin
92 of the socket is given as 500 volts and
that at pin 5 as 300 volts, the voltage
between pins 2 and 5 should be 200 volts.
(2) To find the normal resistance between
any two points, refer to the schematic.
Be careful to include the effect of resist-
ors, or coils, in parallel. For instance, &
look resistor might be connected between

two points. However, the schematic
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might show that a coil is in parallel with
it. Since the coil’s resistance may be al-
most. negligible, practically no resistance
will be read across the resistor in ques-
tion. To find the value of the resistor in
question, disconnect one side of the re-
sistor under test,

e. Cable Continuity. A cable often is too long
to be measured for continuity by an ohmmeter
with leads at either end of the cable. For this
reason, the fo]lowing procedure is given as a con-
venient method of determining the condition of
the cable. -

(1) Place a resistor of known value (50K or

;if:::,id_fmm one end of the cable to

(2) Place an ohmmetey between the cable
\ and ground at the other end.

(3) If the metey reads Approximately 50K

the cable hag continuity, ¢ th 4 J

reads zero, the cable is shorteq, e

KNOCKouTsg

VIDEO JACK
(J80OI)

CONNECTOR
(E804)

P804

CABLE
(Ws02)

CLAMP
(H804)

TB8ol

c410
€409
R415

KEEP-
ALIVE

POWER Rz:j
SUPPLY R417

R418

TB8802

CLAMP (HBOS5)

BLOWER MOTOR (B80O| ) —

Figure 11}.
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Receiver-transmitter

(4) If the meter reads much less t]mr} 50K .
but not necessarily zero, the cable is par-
tially shorted. . ]

f. Tolerances. 1f readings obtained at a [l.‘n::nt
. ¥ - - - 0 .
do not agree with the values ,_g_rneudl‘n ttlln’: :Smrf:
and resistance charts, do not imme Y:Yﬂ e’}tions -
that trouble lies at that pmn‘r.‘ 'ei:lr::‘;ret_han
about 10 percent and in some cases ev e
that are normal. Most l‘eslstors‘{rl(;;tage o
a tolerance value of 10 I’n-r(..-ent‘.‘ i pmlresder lmgin:
may be affected by variations llliloate;? trouble be-
Always be sure the reading 1maice
fore replacing parts.
e Measure-
108. Terminal Boards, Veltad
ments

e 118 and 114)
(figs. 119 anc portion of the re-

a. General. On the lower i terminal boards,
ceiver-transmitter there are ﬁr;{fjiHUa}. The motor
TB801, TB802, TB803, and . power supply out-
generator output, low-voltage I

TB803

TRIGGER
JACK
(4802}

NNECTOR
f’? 80é)

AMP
(os)

18804

M 1535-513

v terming boardy
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puts, and intercirenit voltages are connected at
these boards for distribution throughout the radar

set, Voltages at these terminals can be checked
conveniently.

Warning: Be careful when checking voltages

at the terminal boards. Voltages as high as 600
volts are present.

b, Tables. The following tables list the termi-
nals, the voltage measured between the terminals,
and a description of the voltage. Refer to figures
113 and 219 for the cable connections between
these terminal boards and the components of the
radar set. All voltages are de unless otherwise
stated.

(1) Terminal board T BSO1.

Terminals

Voltage Deseription
Uand T .. Oto —60V (de- | Receiver gain,
pends on set-
ting of R177).
Zand7-_..-. 0 to —200 V | Ste bias,
(depends  on
setting of
R181).
2&2 g ...... R0 on a Plate supply.
: and o o0 Vi, .. __ . Plate supply.
% snd ...... 820V | Plate supply.
: n_nd ; =300 V_______._ Grid bias supply.
and8_____ 115 V, 400 eps__| Motor generator out-
put.
10and 8_____ IRV o . Continnity across
SYNCHRO fuse
F803.
2[11 ::3 ?i“h 115V, 400 eps.___ Input to synchros.
NS o o Output of S1 and S3 of
B501.
13and 9_____ 0 gwhell 8502 Continuity across
closed). heading flash  can
switeh 8502,
14 and 9. ___ 0 }when 8501 Continuity across syn-
closed), chro alinement cam
switeh 8501,

-

(2) Terminal board ;'}2 3

802,
T
erminals Voltage Deseription
—_—

15and 16..__| 0 Vl (when 8105 | Contin uity across
% closed). POWER switch S105.

__________________________ Continuity to PHONES
iSito 228 0 ... . . Spj::;s-

(3) Terminal board T B803.

Voltage |

Terminals \ Deseription

MG1 and \ 115 V, 32 V, or

Ship’s line voltage to
MG2. 24 V.

antenna drive motor
circuit.

MG3 and I| 115 V, 32 V, or | Ship's line voltage to

MG5. 24 V. antenna heaters.
MG5 and | 0V (with 5105 i Continuity across
MG4. | closed). | POWER switch S105.
MG4 and | 115V, 32 V, or | Ship’s line input to
MG3. 24 V. | motor starter.
MG6 and | 115V, 32 V, or | Ship’s line voltage to
MGT. 24 V. | blower motor and to
motor-generator de
winding through
R601.
MGS8 and | 115 V, 400 eps__| Motor generator out-
MGH. put.
MG and | 0 Y e am e Jontinuity across MG
MG10. OUTPUT fuse F804.
MG s Slightly less | Ship’s line voltage from
than 115 V, voltage regulator to
32 V,or24 V. motor generator de
winding.
., (6 b M S L e e e | Spare.

(4) Terminal board T'B80j.

Terminals l Voltage ~ Description
|
7. e e i i L e PR Spare.
A e e ot S Continuity to PHONES
jacks.
N e I e e s Spare.
Adand A5___| 115 V, 400 eps | Ship’s line input to

(with $802 |
closed). |

antenna drive motor,
across ANTENNA

MOTOR fuse FB02.
A6 and AT-.-l 115 V, 32 V or ‘ Ship’s line input to

24 V (with antenna heaters fused
8801 cloged). by ANTENNA

HEATER fuse F801.
Continuity across syn-

chro alinement cam

switch.
Continuity

A8 and A13__| 0V (when 8501
closed).

AO0and A13__| 0 V (when 5502

ACTOSS

closed). heading flash cam
switeh.
A0 ard AR s e e __| Output of S1 and S3 of
| B501.
Al2and A13_| 115 V, 400 cps. .| Input to B501, fused by
| | SYNCHRO fuse

| F803.
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109. Tube and Crystal Checking

Tube and crystal failures are responsible for a
large percentage of the faults that occur in radar
sets. Use the tube and crystal troubleshooting
charts to determine which tubes may be at fault.
Do not resort to indiscriminate tube changing.

a. When putting a new tube in a cireuit, note
the position of all controls before making any
changes, If returning the controls with the new
tube in the circuit does not correct the abnormal
condition, return the controls to their original
positions, and put the old tube back in the circuit,
unless a tube test shows that the tube is bad.

Caution: In many radar cireuits, the interelec-
trode capacitance of a tube is a part of a tuned
circnit. When tubes are switched, the tuning of
the circuits is upset. If too many tube substitu-
tions are made, the set may become seriously
misalined.

b. When replacing a tube in a circuit, decide at
once whether or not to keep the old tube. Do not
change the tubes indiscriminately, or the sparves
box will become full of tubes the exact age and
condition of which are uncertain.

¢. Tube Tester TV-T/U is used to check for
shorted elements, emission, and mutual conduct-
ance of small fubes. The tube tester will not test
the performance of high-voltage tubes or rectifiers
or of some special tubes in the transmitter cirenits.
Tube testers are useful, however, for checking re-
ceiving tubes that are used in the various com-
ponents, Results obtained from a tube tester are
not always conclusive, because the conditions are
not the same as those under which the tube op-
erates in the set. For this reason, the final test
of a tube must be its replacement with a tube that
is known to be good. In many cases, it is quicker
and more reliable to replace a suspected tube with
a good one than to check it with the tube tester,

d. Use the crystal rectifier test set to test for
front and back resistances and back current of
erystals.  The front resistance should not be above
500 ohms; the back-to-front ratio should not be
less than 10:1. Remember, when replacing
crystals, hold the crystal by the body and touch
one finger fo the radio chassis before placing the
crystal in its socket.

110. Wave-Form Checking
a. (General.
(1) Wave forms may be observed at the vari-
ous test jacks and at other points in the
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equipment by using Oscilloscope TS~
34A/AP or TS-239/UP. By compar-
ing the observed wave form with the ac-
tual reference wave form shown in the
troubleshooting chapters, faults can be
localized rapidly.

(2) A departure from the normal wave form
indicates a fault located between the
point where the wave form was last nor-
mal and the point where it is observed to
be abnormal. When the wave form at a
certain test point is not correct, the fault
is not necessarily in the ecirenit under
test. The abnormal wave form may be
caused by the absence of a triggering
pulse from another circuit. The point
at which to start signal tracing a com-
ponent is at the input trigger plug.

(3) Lt sometimes is desirable to know whether
a signal voltage is reaching the grid of
the first tube in a channel. To determine
this, when a test jack is not provided, re-
move the first tube in the channel in-
volved, and insert the test lead of the os-
cilloscope into the grid connection of the
tube socket.

b. Use of Oscilloscope TS-34A/AP. The use
of this oscilloscope in viewing wave forms is ex-
plained in TM 11-1067A. The essential points of
the procedure are given below:

(1) Place SWEEP SELECTOR switch in
the STOP-START position if the pulse
is more than 280 microseconds long, place
the SWEEP SELECTOR switch in the
SAWTOOTH position,

(2) Place the SWEEP SPEED COARSE
switch in the MED position,

(3) Place the INPUT IMPEDANCE switch
in the HIGH 40DB position.

(4) For viewing most signals in the radar

~ set, synchronize the oscilloscope with the
radar trigger pulse. Connect TRIG-
GER jack J302 in the receiver-trans-
mitter to EXT SYNC jack on the oseil-
loscope with the aid of Coaxial Cord
CG-12/U.

(5) Place INT SYNC-EXT SYN( switch
in the EXT SYNC position, If radar
trigger pulse is not used for synchroni-
zation, place INT SYNC-EXT SYNC
switch in the INT SYNC position.
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(6) Place the POWER switch in the oscillo-
scope in the ON position.

(7) Connect one end of Probe Assembly
MX-50/AP to the SIGNAL INPUT
jack on the oscilloscope and the other end
of the probe assembly to the point in the
radar set under test.

(8) Adjust the FOCUS, BRIGHTNESS,

 IMAGE SIZE, and POSITION controls
on the oseilloscope to obtain a clear, well-
centered picture.

(9) Change the spread of the pulse by vary-
ing the SWEEP SPEED COARSE and
FINE controls.

(10) Adjust the SYNC VOLTAGE switch
and INPUT IMPEDANCE switch until
a steady picture is obtained.

¢. Use of Oscilloscope T'S-239A/UP. 'This os-
cilloscope is especially useful to determine the
amplitude, or duration, of the wave form, Com-
plete instructions for the use of this oscilloscope
are given in TM 11-1260. Essential procedures,
however, are given in the procedures below.

(1) Place the following controls in the initial
positions indicated :
TRIGGER RATE_______

NORMAIL-V-PLATE_____
HYNO VOLTAGE

OFF.

NORMAL,

Maximum and -+ or
— depending on

polarity of signal.
MARKER INTERVALB. OFF,

SWEEP' TIME COARSE.. 10.

________ OUT.
SWEEP SELECTOR._._. SIGNAL.
MULTIPLIER - 1.

GRINs Maximum,

BRIGHTNESS

Fully Counterclock-
wise.

(2) Place the POWER switch in the oscillo-
gscope to the ON position.

(3) Adjust the FOCUS, VERTICAL POSI-
TIONING, and HORIZONTAL POSI-
TIONING controls until a clear spot is
at the left center of the sereen.

(4) Connect one end of Probe MX-607/AP
to SIGNAL INPUT jack on oscilloscope.
Connect the other end of the probe to the
point in the radar set under test. Con-
nect the ground lead to the chassis.

(5) Adjust the SYNC VOLTAGE control to
make the image on the screen stationary.

(6) Widen or contract the image by the
FINE and COARSE SWEEP TIME
controls.

(7) Place the left end of the pulse near the

left end of the reference scale by adjust-
ing the HORIZONTAL POSITION-
ING control.

(8) Make the horizontal base line of the
pulse coincide with the middle horizontal
reference line by adjusting the VERTI-
CAL POSITIONING control.

(9) Adjust the MULTIPLIER and GAIN
controls until the top or bottom of the
pulse coincides with the upper, or lower,
horizontal reference line for positive or
negative pulses.

(10) Place MULTIPLIER switch in the
CAL position.

(11) Adjust CALIBRATING VOLTAGE
control (not GAIN), until top or bottom
of the pulse coincides with the upper or
lower horizontal reference line for posi-
tive or negative pulses.

(12) Calculate the signal amplitude by mul-
tiplying the CALIBRATING VOLT-
AGE setting by the MULTIPLIER
setting.

(13) Place MARKER INTERVAL switch
in the .2 position. For long pulses, use
a larger interval.

(14) Read the width of the pulse by counting
markers. Use the reference line to in-
terpolate between markers.

111. Replacing Parts

a. (feneral. A replacement part should occupy

the same position as the original part and should
be an exact duplicate of the old part whenever
possible.

(1) A part that has the same electrical value
as the original, but differs in physical size,
may cause trouble in high-frequency
cireuits.

(2) In replacing parts, use the same ground
point as the original wiring.

(3) Before unsoldering a part, note the posi-
tion of the leads. If the part, such as a

transformer, has a number of connections
to it, tag each of the leads.

Be careful not to damage other leads
when pulling or pushing them out of the
way.

A carvelessly soldered connection may
create new faults. Tt is important to
make well-soldered joints because a
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poorly soldered joint is one of the most
difficult faults to find.

.

output and to see whether the ot

b. Replacement of Transformers. In rare in-
stances, it may be necessary to use a power or fila-
ment transformer that is not an exact replacement.
If the voltage rating of the replacement trans-
former is not known and the terminals are not
marked, the following points will help to deter-
mine whether or not the transformer is adequate
for replacement. purposes:
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(2)

(4)

(5)

(1) Usually transformers of similar voltage

and current ratings are about the same
physical size.

The de resistance of the primary wind-
ing of the average power or filament
transformer is approximately 10 ohms.
The de resistance of the high-voltage sec-
ondary winding of the average power
transformer (300- to 400-volt output) is
approximately 200 ohms. Since this
winding usually is center-tapped, the re-
sistance of either half of the winding will
be equal to one-half the total secondary
resistance,

Although more dangerous, it may be con-
venient to apply 115 volts ac to the pri-
mary and measure the voltage outputs
across the secondary leads. Be careful
when handling the meter in this pro-
cedure, because the secondary leads have
unknown voltages.

If the transformer has more than one
filament supply winding, the terminals
of each winding can be found by resist-
ance checks. The de resistance of a 5-
volt. filament winding is quite low (less
than 1 ohm) and cannot be distinguished
readily from the de resistance of a 6.3-
volt winding. To determine which is the
b-volt. and which is the 6.3-volt winding,
connect 115 volts to the primary termi-
nals and measure the output of the fila-
ment supply windings, The center tap,
if any, also can be located by wvoltage
readings.

(6) The transformer may be connected to the

load temporarily to check actual voltage

former is overheating. If ovephegiing
oceurs, the transformer may py e
loaded and nnable to supply the Taces
sary current safely.

e, Tube Sockets and Pins. Be careful yehen
connecting and soldering leads to the pins of yaeu-
um-tube sockets. These pins are fragile, and u
due strain may break a pin off at the point wjer®
it enters the socket. If one of the ping is hyoken
off, it can be replaced without re.placing the en

tire socket.

Proceed as follows:

(1) Use a small screwdriver, or some other
pointed object, and push the remaining
part of the broken pin through the
socket; be careful not to chip the socket:

(2) 1f extra pins ave not available from spare
parts, a pin may be obtained from &
similar unused socket.

(8) To remove the good pin from the sockets
straighten the twisted pin with a Pair
of pliers and push the pin out of the

socket.

(4) The pin may be placed in the socket
where it is needed by pushing it inf0
place and then twisting the exposed end
slightly to hold it in place.

d. Color Code for Rf Coils. For easy identifi
cation and replacement, colored dots have beet
painted on the rf coils, The chart below list
the symbols, value, and color code for each coik

Symbol

RS S Tt e n S
1.222 through 1.229 ey
j 1 | RN

T RS R
7, 5| NS i
e S
1209, L213, L214, 1215,
1216, 1221, 1.230.

71 P RS

Color eoda wm%
Red-orange. - . 0.30
Rigd . - = et N
Red-black . ____ T8
Red-brown . ____ L8
Brown-white____ 141
Red-grey - .- —— - 1.59
Red-violet. . ___ 2.16
Brown-grey._ . __ 236
Brown-violet____ 2.0
Red-green______ 3.8
Red-blue_ ______ 3. 50
Brown-red______ 3.8
Brown-blue_____ 46
Yollow. o 17.5
Cringe. -~ %8 20.0
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4. Resistor and Capacitor Color (odes. To aid
i identification and replacement of resist:m's aml
capacitors, a resistor color code chat:t, ( ‘hg.. 209)
and a capacitor color code chart (fig. gl‘l}) are
jncluded in the manual. In addition to giving the
value of the part, these charts also include toler-
anee, and for capacitors, the voltage rating. Be
sure replacements are identical with the original

parts.

112. Coaxial Cable Repair

(Conxial cables require great cave. They :-‘:hould
never be bent, because the insulating material b«.
tween the inner and outer conductors is easily
eracked. The procedure for replacing or repair-
ing the coaxial cable connector is as follows:

a. Tf the conneetor is being replaced, cut. about
9 inches off the end of the cable to be sure that
all eracked insulation is removed.

b. Prepare the cable for connection to the plug
body (A, fig. 115).

¢. Before inserting the cable into the plug body,
tin the center lead and slide the elamping nut and
the protective sleeve onto the cable (1B, fig. 115).

d. Insert the cable into the plug body and solder
the center lead to the conductor tip. Solder the
metal braid to the plug body (B, fig. 115).

e. After the plug body has been soldered to t.he
eable, put the clamping nut and the protective

gleeve in place and tighten the setscrew in the
protective sleeve (C, fig. 115).

113. Cleaning Contacts

Before attempting to clean any of the various
contacts in the radar set, identify the type of
material to be cleaned. The contacts may be tin,
plated copper, plated silver, silver, or tungsten.

Caution: Never use a file or sandpaper on
plated contacts.

a. Rilver or Silver-Plated Contacts. Clean

silver or silver-plated contacts with a cloth or

—— PROTECTIVE
\_ SLEEVE

SOLDER BRAID
TO PLUG BODY e

CLAMPING NUT- /// SOLDER CENTER

LEAD TO TIP

T™M 1301-34
Repair of coawxial cable.

Figure 115,

brush that has been dipped in Solvent, Dry Clean-
ing (SD) and polish the contacts with a clean,
dry cloth. If the contacts are corroded, proceed
as follows:
(1) Dress the corroded contacts with a piece
of erocus cloth or a erocus stick.
(2) Clean the contacts with a clean cloth
moistened with carbon tetrachloride.

(3) Polish the contacts with a clean, dry
cloth.

Note. The bhrown discoloration that is found
on silver or silver-plated contacts is silver
oxide. Since silver oxide is a good conductor,

do not remove the discoloration from noncor-
roded contacts,

b. Tin-Plated Contacts. Clean tin-plated con-
tacts in the same manner as silver or silver-plated
contacts (@ above). When contacts become badly
pitted, replace them,

¢. Tungsten Contacts. Clean tungsten contacts
with a crocus cloth. If the contacts ave very dirty,
use a burnishing tool or a fine-grit hone. Be sure

the face of the contact is flat and the edges of the
contact ave slightly beveled.
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Section Ill. SYSTEM

114. Troubleshooting Data

The following data will help in the location of
troubles given in the troubleshooting chart based
on starting procedure (par. 115).

Fig. No. | Par. No, Description
116 | Fuse table.

1 i el = R R Receiver-transmitter, terminal boards and
convenience panel, schematic.

Pl |ecuaas Receiver-transmitter terminal boards.

3 £ IR Complete block diagram.

SEHR| G anes Radar Set AN/SPN-11(*), cabling dia-
gram.

3 ] 1) 8 S0l Receiver-Transmitter RT-268/SPN-11
(excluding receiver chassis), schematic.

Zlav|omesss Receiver R-480/SPN-11, schematic.

L] (SRR Range and Azimuth Indicator IP-193/
SPN-11, schematic.

B0 el Power distribution diagram.

115. Troubleshooting Based on Starting
Procedure

Always start troubleshooting by following the
starting procedure given below. Operate the con-
trols as indicated. If normal indications are ob-
tained, proceed to the next step. If at any point
in the procedure, the indications are abnormal,
make obvious corrections, such as replacing fuses,
checking cables, or replacing defective controls.
If this does not correct the trouble, refer to the
proper system troubleshooting charts, as indicated.

a. Place the following controls in the positions
given below before starting.

(1) ANTENNA HEAT-
ER switech S801.
(2) POWER-HEAD-

OFF

Extreme counter-

ING FLASH control clockwise
(5105, R187).
(3) INTENSITY con- Extreme counter-

trol R135. clockwise
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(4) FOCUS control R138_ Extreme counter-

clockwise
() ANTENNA MO- OFF
TOR OFF switch
SR0O2.
(6) Antenna ON-OFF OFF

switch 5503,
(7) RINGS control R165_ Extreme counter-
clockwise
(8) CENTEREXPAND OFF
switeh S102,
(9) HIGH VOLTAGE OFF
switeh S301.,
(10) GAIN control R177. Extreme counter-

clockwise -
(11) CONTRAST con- Extreme counter-
trol R160. clockwise

(12) SUPPRESSOR Extreme counter-
control R181. clockwise

5. Place the switch box handle to the on posi-
tion. Place ANTENNA HEATER switch S801
on the convenience panel to the ON position.

-

Correction
| e

|
Normal indientions | Probable trouble
! - -

Replace. Check for
cause of opeTing.

Fuse F601 or
602 in switch
box open.

Antenna heaters
operate,

Replace. Check for

stat S504.
Open lead in an-
tenna heater

| Fuse F801 in ]
convenience cause of opening.

panel open.
Defective heat- | Test resistance.
ers or thermo- Replace if faulty.

Refer to figure 59
to test continu-

line, ity.
B - -

¢ Rotate POWER-HEADING FLASH con-
trol in a clockwise direction., After a delny. the
normal indications will be as indicated in
following chart:




Mmoﬁrml on bottom of receiver- | Defective blower motor

Range dial and indicator scale lamps L In power supply circuits of power

e —

l Probable trouble \

Caorrection

] Motor starter overload switeh open. \ Press RESET button. Check for
cause of opening.
eplace. Check for cause of opening.

..... Refer to power group troubleshooting
chart (par. 207).

‘I Fuse F601 or F602 in switeh box open_‘ R
In power group of power gystem

‘ mem meter M601L reads. .. | Fuse F804 (fig. 73) in convenience | Replace. Check for.cause of opening.

panel open.
In power group of power system_____| Refer to power group troubleshooting
chart (par. 207).

: ptor B8O1 on bottom of receiver- | Defective blower motor. . ... ... Test continuity. If faulty, replace.
transmitter operates

|
Open lead in blower motor eircuit. . .| Refer to figure 113 to test continnity.

| Refer to power supplies trouble-
operate, DIMMER control on indi- \ syétem. | shooting chart (par. 208).

cator ghould affect indicator lamps. Il

d. B,ot»ate voltage regulator rheostat control. TPlace test meter switch S401 (fig. T3) on receiver-
transmitter to the 115 VAC position.

Normal indications \ Probable troubls Correction
Meter M601 on voltage regulator can be | Ship's line voltage low_____________ Check,
made to read 115 volts.

Defective voltage regulator rheostat | Test resistance. Replace if defective.
RE01.
In power group of power system____| Bee power group troubleshooting
chart.
Test meter M401 on receiver-transmitter | Fuse F402 in receiver transmitier | Test. Replace if defective.
reads 115 volts. open.
R412 on rear of hinged panel not | Adjust.
properly adjusted.
N power-Byslema i nacnemaak Refer to power supplies troubleshoot-
ing chart (par. 206).

e. Turn INTENSITY control R135 and FOCUS control R138 clockywise.

Normal indications Probabla trouble Correction

Sweep line visible on PPT____________ .. . Fuse ¥101 at rear of indicator open..| Test. Replace if faulty. Check for

cause of opening.
Cable or cables between TRIGGER | Test for continuity of cables W709
jack on receiver-transmitter and and W705.
TRIGGER jack on indicator open.

Inoperative PPI power supply power | Refer to power supplies troubleshoot-

system. ing chart (par. 206).

Inoperative one-shot multivibrator | Refer to synchronizing and indicating
V101 or sweep circuits in the syn- system troubleshooting charts (par.
chronizing and indicating system. 170-182).

Defective master blocking oscillator | Refer to transmitting system trouble-
stage in timing circuits of transmit- shooting chart (par. 120-122).

ting system.

f. Turn on ANTENNA MOTOR switch 8802 in convenience panel. Place antenna ON-OFF
switch 8503 in the ON position. Rotate HEADING FLASH control.
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Normal indications

Probable trouble

Corroction

Wil e

Antenna horn and reflector rotate_ _ _ __ __

Sweep on PPl rotates._________________

Fore and aft heading flashes appear on
PPI. Their intensity varies with rota-
tion of HEADING FLASH control.

Fuse F802 on convenience panel open

Antenna fouled ___ . ___ :

Open lead in antenna drive motor cir-
cuit.

Defective antenna drive motor__ . _

Fuse I'803 on convenience panel open.

Inoperative synchronizing circuits in
synchronizing and indicating sys-
tem.

Synchronizing circuits not receiving
power from power group in power

system.
Defective HEADING FLASH con-

trol R187 in indicator.
Inoperative synchronizing circuits in
synchronizing and indicating sys-

tem.

Test. Replace if faulty. Check for
cause of opening,

Remove obstructions,

Refer to figures 118 and 159 to tras

continuity,
Test continuity. Replace if faulty,
Test. Replace. Check for cause o
opening,

Refer to synchronizing and indieating
system troubleshooting charts (par.
179-182).

Refer to power group troubleshooting

' chart (par. 207).

Test resistance. Replace if faulty.

Refer to synchronizing and indicating
system troubleshoofing chart (par
179-182).

g. Turn RINGS control R165 clockwise. Place
RANGE switch S101 successively on positions 1,

3, .8, and 20. (
EXPAND switc

Normal indications

Probable trouble

)n position 1 operate CENTER
*h S102.

Correction

Range rings appear on PPI

Two rings appear on position 1, 3 rings on
position 3, and 4 rings on positions 8
and 20.

With 8101 in the 1 position and S102 in
the ON position, the center of the sweep
expands into a circle and the 14-mile
ring moves out toward the edge.

Defective RINGS control R165. - .

Inoperative video circuits or range
mark circuits in synchronizing and
indicating system.

Inoperative range mark
(probably oscillator V107) in syn-
chronizing and indicating system.

PefectiveBI0Z. - oo

circuits

Inoperative sweep circuits in syn-
chronizing and indicating system.

Test resistance, Replace if defect-

ive,
Refer to synchronizing and indicating
system. Troubleshooting  chart

(par. 179-182).
Refer to synchronizing and indicating
system troubleshooting charts (par.
179-182).
Test for continuity.

fective.
Refer to synchronizing and indicating

system troubleshooting charts (par-
179-182).

Replace if de-

GAIN control R177 and CONTRAST control

A Place HIGH VOLTAGE switch S301 on the
R160 clockwise.

receiver-transmitter in the ON position. Turn

Probable trouble

Normal indieations Correction

Check for cause of open-
Replace if defect-

Replace.
ing.
Test continuity,
ive.

Refer to power system troubleshoot-
ing chart (par. 205-207).

Test cables W706 and W707 for con-

tinuity.

Pilot lamp 1301 lights___________ | Fuse F301

Switeches 8301 or 5302 defective

In power system_ _ _ _

Cable between VIDEO jack J801 on
receiver-transmitter and VIDEO |
jack J103 on indicator open.

Defective transmitting system .

Echoes appear on PPI

|
-| Refer to fransmitting system trouble-
shooting charts (par. 120-122).
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‘Normal indications Probable trouble Correction
1

Echoes appear on L D i n e Defective rf systern. _ ..

Refer to rf system troubleshooting
charts (par. 139-141),

Refer to receiving system trouble-
shooting chart (par. 158-161).

____________ Test resistance of R177. Replace if

Inoperative mixer circuits or signal

eireuits in receiving system.
- GAIN control varies intensity of echoes__| Defective GAIN control

defective.
_ Open' AATN e, . - oo om0 | Refer to figure 113 to test continuity.
CONTRAST control varies intensity of | Defective CONTRAST control______| Test resistance of R160. Replace if
ihiex defective.

Inoperative video circuits in syn- | Refer to synchronizing and indieating
chronizing and indicating system. system troubleshooting charts (par.
179-182).

i. Turn SUPPRESSOR control R181 clock- wise.

Normal indieations

Probable trouble l Correction

See return at center of scope is reduced___| Ste circuits or signal ecircuits in re- | See receiving system troubleshooting
ceiving systemn inoperative. chart (par. 158-161).
Openatoline. - o—a oo oo Refer to figure 113 to check conti-
\ nuity.

116. Fuse Table

Check fuses as one of the first steps in trouble-
shooting. Learn to associate certain symptoms
with certain fuses. After replacing a fuse, be sure

Caution: Never replace a fuse with another
to check for the reason the fuse blew. Usually it fuse of higher rating.

1s caused by a short in the circuit. To determine

the location, rating, and the cireuit each fuse
protects, refer to the table below.

Protects

|

Rating Loeatlon

F301_ | Plate transformer T301 of the modulator power

N A B e et Front of hinged panel.
supply.
F302._| Filament transformer T303 of the modulator | 2amp, 250 v______________| Front of hinged panel,
power supply.
F401__| Power transformer T401 in low-voltage power | 3amp, 250 v.____________ | Front of hinged panel.
supplies.
F402. _

Filament transformer T402 in low-voltage power

supplies. Also protects T201.
F801. | ANTENNA HEATER. __________.

2 amp, 250 v

Front of hinged panel.

ceeeee-2| 15 amp, 125 v. (with 24-v
and 32-v sources).

10 amp, 250 v (with 115-v
source).

30 amp, 125 v (with 24-v
and 32-v sources).

10 amp, 250 v (with 115-v
souree).

2.6 amp, 260 v_____.

Convenience panel.

F802__| ANTENNA MOTOR. . ... ...

Convenience panel.

REAEIINGHR O L
FR04. | MG OUTPUT

-----| Convenience panel.
HE b D A N ) e L e 10 amp, 250 v_____________| Convenience panel.
F601__| Power group and blower motor____ . ____________ 10T i e e S LR Switeh box, inside.
F602._| Power group and blower motor. ... ..___.__._ | 25amp.._..________._____| Switch box, inside.
F101. | Hyv transformer T101, filament transformer T102 AP s e - .| Back of indicator
and synchro alinement relay K101.
¥102. | PPI powersupply.....__._______..________._..| .25 amp

Indieator, inside, upper back
left-hand corner,
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CHAPTER 9
TROUBLESHOOTING IN TRANSMITTING SYSTEM

Section 1. TROUBLESHOOTING PROCEDURES

Cautions: Voltages sufficiently high to cause
death are exposed at many points in the receiver-
transmitter. Always follow the precautions given
below.

1. Do not touch any part in the transmitting
system while the HIGH VOLTAGE
switch is in the ON position.

2. Do not make any connections that will
conduct high voltages to an exposed
point.

3. Make all tests with the HIGH VOLTAGE
switch in the OFF position.

4. To shut off the power completely, push
down the switch box handle.

5. Always ground high-voltage capacitors
before touching the capacitors or their
associated cireuits. Dangerous voltages,
present when POWER switch S105 is
on, are retained by large capacitors for
a considerable time after power has been
disconnected from the set.

117. Reference Data

Fig. No. |Par. No, Deseription
‘___'_'_‘-———___ e ———— ——
212002 Receiver-Transmitter RT-268/SPN-11
118 (excluding receiver chassis), schematic.
i Transmitting system, tube location chart.
R e Transmitting system, wave forms.
------ Receiver-transmitter, front view, loeation
116 of transmitting system parts.
ool Fuse Table.
------ Transmitter chassis, voltage and resistance
122 chart.
g | Modulator subchassis, location of parts.
------ Receiver-Transmitter RT-268/SPN-11,
transmitting system, wiring diagram.

118, General Information

tr:"l;v?"’fm Operation. Power is applied to the
Switc;mmng ‘ System when indicator POWER
1 5105 is rotated clockwise. Before modu-
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lator high voltage is applied, the automatic
3-minute time-delay circnit operates to allow
proper heating of the modulator and magnetron
filaments. Illumination of red warning lamp
I 301 on the hinged panel (fig. 11) indicates that
time-delay relay K301 has closed and modulator
high voltage is on. The correct operation of the
modulator power supply is indicated by the proper
reading of test meter M401 on the MOD. H. V.
position of test meter switch S401. A reading of
4-5 ma on meter M401 when S401 is on the MAG.
I. position indicates a properly operating mag-
netron.
b. Obvious Troubles.

(1) When an incorrect reading is obtained on
the +300V. REG. position of test meter
switch S401, the timing ecircuits are
affected.

(2) When an incorrect reading is obtained
on the +3820V unregulated position of
test meter switch S401, the time-delay cir-
cuit is affected.

(3) When fuse F301 blows, there is trouble
in the modulator power supply.

(4) When fuse F302 blows, all transmitter

cirenit tubes do not light. No sweep
appears on the PPIL.
When fuse F401 or F402 blows, the
timing circuits and the cireuits of the re-
ceiving, synchronizing, and indicating
systems do not operate.

119. Test Points

To determine quickly what circuits or what
stages of the transmitting system are at fault, use
Oscilloscope TS-34A/AP to observe the wave
form at a few test points. The normal wave
forms should be as shown in figure 116.

a. T'iming ('ircuits. Proper operation of the
timing circuits can be checked by observing the
wave form at the grid (pin 1) of modulator V305




=

MASTER
BLOCKING OSCILLATOR V307A
TEST POINT: JACK J302
ATTENUATION:50 db
SWEEP: START-STOP
SPEED:FAST

%

CATHODE FOLLOWER V309
TEST POINT:GRID, PINS
ATTENUATION 60db
SWEEP START-STOP
SPEED'MEDIUM

%

MAGNETRON V306

TEST POINT:CATHODE , THROUGH VOLTAGE DIVIDER
ATTENUATION 56

SWEEP: START-STOP
SPEED:FAST

Figure 116G,

The availability of the proper trigger for oper-
ation of the synchronizing and indicating system
can be checked by observing the wave form at
TRIGGER jack J302 on the receiver-transmitter.
If this wave form is incorrect, the trouble is in
master blocking oscillator V30TA stage. An in-
correct wave form at the plate (pin 2) of amplifie

Transmitting system

AW,

AMPLIFIER V3078
TEST POINT: PLATE, PIN 2
ATTENUATION:60 db
SWEEP:START-STOP
SPEED MEDIUM

AL

MODULATOR V305
TEST POINT :GRID, PIN | %
ATTENUATION:60db
SWEEP: START-STOP
SPEED FAST

NOTES

WAVE FORMS TAKEN WITH OSCILLO-
SCOPE TS-34A/AP

n

[RANGE] swiTCH ON 3} MILE RANGE.

¥* INDICATES TUBE REMOVED
FROM SOCKET

w

4 EXTERNAL SYNC] INPUT

TO [TRIGGER]

JACK J303
5. [HPLATES] SWITCH IN [NORMAL]
POSITION

TM 1535-178

y wave forms.

V307B indicates trouble in that stage or in block-
ing oscillator V308. An improper wave form at
the grid (pin 5) of cathode follower V309 indi-

ates trouble between that point and the previous
test lmillt.

Transmitter (ircuits. By observing the

wave cathode of magnetron V306,

form at the
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trouble can be isolated to either the magnetron or
Since the magnetron is at

an extremely high potential, the wave form must

the modulator stages.

be obtained through a voltage divider as described
in (1) through (7) below.

Caution: Make sure the set is turned off before
making any connections.

(1) Disconnect bleeder resistor R322 and
cables W801 and W802 from TRIGGER
jacks J301 and J302.

(2) Connect TRIGGER jack J302, in the
receiver-transmitter, to the KXT SYNC
jack, on Oscilloscope TS-34A /AP, with
Coaxial Cord CG-72/1.

(3) Connect a lead between the 5-kv terminal
of Voltage Divider TS-265/UP and the
magnetron filament marked C. Connect
Probe Assembly MX-50/AP between
the 100: 1 attenuation jack on the voltage
divider and the SIGNAL INPUT jack
on the oscilloscope.

(4) Place Oscilloscope TS-34A /AP in opera-
tion as follows (see T™M 11-1067A) :

(a) Place SWEEP SELECTOR switch in
the SAWTOOTH position,

(&) Place the SWEEP SPEED COARSE
switch in the MED position.

(¢) Place the INPUT IMPEDANCE
switch in the HIGH 40DB position.

(d) Place INT SYNC-EXT SYNC switch
in the EXT SYNC position.

(e) Place the POWER switch in the ON
position.

_—

:’_‘ RECEIVER- TRANSMlTTER_ Ty
I |
|
I MAGNETRON ’
v
| g
I JACK '
, FILAMENT ¢ r
F
— — e I
OSCILLOSCOPE
TS=34A /AP
VOLTAGE
DIVIDER
o SIGNAL Ts-265/uUp
INPUT
™ 1535~%8

Figure 117. Reading magnotron output,

(5) Place the HIGH VOLTAGE on the
receiver-transmitter in the ON posi-
tion.

(6) Adjust the FOCUS, BRIGHTNESS,

IMAGE SIZE, and POSITION controls

on the oscilloscope to otain a clear well-

centered picture,

Adjust the SYNC VOLTAGE switch,

SWEEP SPEED FINE control, and

INPUT IMPEDANCE switch until as

steady a picture as possible is obtained.

The wave form should be as shown in

figure 124,

Section Il. TRANSMITTING SYSTEM TROUBLESHOOTING CHARTS

120. General

a. Not all the symptoms presented in the fol-
lowing charts are definitely due to trouble in the
transmitting system. Some symptons—such as
reduced target echoes—may be due to trouble in
the rf, receiving, or synchronizing and indicating
systems. In any such case, however, it is best to
check the transmitting system first.

6. The modulator power supply is part of the
power system. Since the modulator power supply
plays such an important part in the operation of
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the transmitting system, symptoms associated
with the modulator power supply are incorpo-
rated in the following charts.

e. The transmitfing system troubleshooting
charts do not give all possible symptoms. For the
symptoms listed, these charts merely serve as
guides to the circuits or stage at fault. To find
the exact part at fault, check the tubes and take
voltage and resistance readings. Compare these
readings with those in the voltage and resistance
charts (figs. 119 and 120) and with those in the
following transformer chart:




\ Perminals Resistance reading . 121. Tube Tfo“b|EShooting Chart

(fig. 118)

1 and ground | Less than 1 ohm. The chart below indicates which tube may be at
2and5 .- Less than 1 ohm. fault when certain symptoms are observed on the
S oo 188 knany 4 outn. PPL. Additional indications and test meter M401
g L Less than 1 ohm adtaE vk mahided . : : )
Jand4. . - Less than 1 ohm, readings are included to help decide which tube is
1and 2. .| 15 ohms, at fault, Before deciding definitely that a tube is
dand4. .- 15 ohms. faulty, always test it by replacement or with a tube
5and 6. _--| 2 ohms, tester,

Tand 8. .- 15 ohms.

1and 2 _. .| 2 ohms. Note. Instructions for replacement of magnetron V306

3and4. .. . 2 ohms, are given in paragraph 124,

After replacing magnetron,
retune the set as instructed in paragraphs 160-171,  After

replacing V307, adjust the prf as instructed in paragraph
124,

fand 6. __-- 2 ohms.,
Tand 8- = | 2 ohme.

ODULATOR
MOcas RECTIFIER RECTIFIER
TIME DELAY l
ran
MASTER BLOCKING
i S TR i
DELAY oLL 0

TmEGSE“'r“ 6V 6 AHPLlnEa

BOTTOM

TM 1535-592

Figure 118. Transmitting system, location of tubes.

Teat meter M40y

Pleture symptom

Additional indieation \ Tube

il kL N S B Normal reading; on MOD, H, V, position. No

____________________ V307
reading on MAG. 1. position.

Weak echoes; targets appear fuzzy .| Low reading on MAG. 1. position, or curvent (____________________ | V306
drops as motor generator output is increased. |

Range rings are pregent on PPI, but | Normal reading on MOD. H. V, position. No | ... ____ . _________ \ V30r

no echoes, reading on MAG. 1. position. | V30t

|| V3o

| V30

Rolathoenon PPl - - - coa-- | No reading at MAG. 1. and MOD. H. V. positions | ___.____________ . __ | V30

~ I| Vit

| | V3(

Va3t

e G 5 No reading at; MAG. 1. position; low ormo reading | ... ... | V3

: at MOD. H. V. position. V3

Normal echoes on PPT____ . Normal readings on MAG. I. and MOD. H. V. | Time delay more or | V3

positions.

less than 3 min- | V2
utes.

327711 0—55——9 1



122. General Troubleshooting Chart

Symptom

Probable troubloe

No spot or sweep on PPI. No MAG. L
reading.

No sweep on PPI. Normal MAG. 1. __

Sweep, noise, and range rings appear
without echoes on PPI. No MAG, 1.
or MOD. H. V. reading.

Sweep, noise, and range rings appear
without echoes on PPI. No MAG. I.
reading. MOD. H. V. reading normal.

PPI pictureoutof syne_ .- _____________

Low reading at MAG. 1. position on test
meter M401 for all positions of
RANGE switeh (S101).

Weak echoes on PPI, low reading at
MAG. 1. position on test meter M401.

Red warning lamp I 301 does not light,
no readings at MAG. I. and MOD.
H. V. positions on test meter M401.

Targets appear fuzzy with dark radial
lines (spoking) present on PPI.

Red warning lamp I 301 lights. No
reading on test meter M401 for MAG.
1.or MOD. H. V. positions. Abnormal
blue glow in thyratron tube V305.

Sweep line, light and dark sectors present
on PPI scope; no reading at MAG. 1.
position and high reading at MOD.
"H. V. position on test meter M401.
No blue glow in tube V305 with
HIGH VOLTAGE switch (S301) in
OFF position.

Fuse F301 blows. Pulse transformer
T302 breaks down.

e

Defective master blocking oscillator
V307A.

Poor connection at TRIGGER jacks
J302 or J301.

HIGH VOLTAGE switch S301 in
OFF position.

Interlock switch 8302 open__ _______

Modulator power supply inoperative_

Modulator stage inoperative_ _______

Timing circuits inoperative_ __ ______
Master blocking oscillator V307TA
producing wrong prf.

Defective magnetron stage V306_ . _ .

Defective modulator stage V305. . __

Transmitting and receiving systems
detuned.

Defective megnetron stage V306_____

Defective modulator stage V305..___
Defective time-delay relay K301.

Defective time-delay stage V301 and
V302.
Defective magnetron stage V306 _ _

Defective modulator stage V305..

No trigger being applied to modu-
lator V305. Trouble in stages
of the timing circuits following
master blocking oscillator V307A.

Defective modulator stage V305 ___ __

Defective spark gap__ . ____________

Check wave form at
J303. If trigge
check V307 and
resistance readings

Check connections,

Place switch $301 in 1

Adjust R313 (par
still out of syne,
and parts.

Check stage. If
tube and retune
to 171). 2

Check stage tube ang

Retune systems (par. 1

Check stage. If
tube and retune
to 171).

Check stage tube &

Check continuity.
place relay.

Check stage tube an

Check stage. If
tube and retune sys
to 171).

Replace tube V305.

Remove tube V305; chec
at pin 1 of tube sock
ger is present, checl
V308, V309, and ass

Check stage tube V305
sistance of T305 and
Adjust (par. 127).
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*6.4VAC

(1]

%6 4VAC
(]

NOTES:

I.
USE VOLTMETER WITH 20,000 OHMS-PER-VOLT SENSITIVITY,

5. [CENTER EXPAND] SWITCH 5102 IN THE [OFF ] POSITION.

Figure 119, Transmitting system, voltage and resistance chart,
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MAGNETRON

V306
725A
% 4.3 VAC
70
* 4.3 VAC
70
NOTES

VOLTAGES AND RESISTANCES
MEASURED TO GROUND UNLESS
OTHERWISE NOTED. USE VOLT-
METER WITH 20,000 OHMS-PER-
VOLT SENSITIVITY.

ALL RESISTANCES MEASURED IN
OHMS WITH POWER REMOVED
FROM EQUIPMENT.

# INDICATES AC READINGS TAKEN
ACROSS TUBE FILAMENTS. RELAY
K302 OPEN. WHEN RELAY IS

CLOSED, THE FILAMENT READING

IS 6.5 VAC.

T™ 1535-158

Figure 120. Magnetron, voltage and resistance chart.

Section Ill. REPLACEMENT OF PARTS .

123. Replacement of Modulator Parts
(fig. 122)

The modulator parts are located on the upper
front and rear sections of the receiver-transmitter
hinged panel. To reach the parts on the rear of
the hinged panel, loosen the four hexagonal-head
captive screws on the front of the unit and remove
the main cover. Then disconnect the wave guide
coupling with the waive guide coupling wrench
(fig. 108), loosen the two knurled captive screws,
and swing the hinged panel out until it locks.
Loosen the 10 machine screws that hold the
shielded compartment cover, and remove the
cover. Most of the parts can be removed by taking
out the machine screws that hold them. Pulse-
forming network Z301 and capacitor C302 are
secured to the panel by mounting clamps.

124. Replacement of Magnetron and Magnet
(fig. 123)

Warning: Turn off power before removing
magnetron.
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a. Replacement of magnetron.

(1) Shut off all power.
(2) Remove forward half of magnetic shis
(E302, fig. 121). oy
(3) Remove hose bracket.
(4) Loosen wave guide clamping ser
(5) Tip magnet down on hinged
after loosening the three serews
hinge.
(6) Remove the six screws that hold
magnetron, o
(7) Pull magnetron straight forward.
ament jacks will disengage from
behind chassis.) .
(8) To remove TB301, remove the
screws and lift off TB301 and the
supporting posts (A 301). _
(9) To install magnetron, engage fila
jacks and push tube in place.
(10) Reassemble and ‘retune klystron
oscillator and TR tube (par. 168 to I
Note. When tightening the screws,

magnetic center of the anode block p
between the poles of the magnet.
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Figure 121. Transmitter chassis, location of parts,
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Figure 122, Modulator subchassis, location of parts.
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b. Replacement of Magnet (E309).
(1) Shut ofl all power.
(2) Remove the forward half of the mag-
netic shield.
(3) Remove the hose bracket.

(4) Remove the four screws that hold the

magnet to the hinged bracket, and re-
move magnet,

(5) Replace magnet.

(6) Center and tighten the four mounting
SCrews.

Section IV. ALINEMENT

125. General

The alinement and adjustment procedures for
the transmitting system are presented in this sec-
tion. Alinement and adjustment procedures for
the other systems are presented in the following
chapters. The alinement chart (fig. 221) sum-
marizes the complete alinement procedure for the
radar set.

126. Master Blocking Oscillator Adjustment

a. Turn on the radar set.
b. Place RANGE switch on the 3 mile range.
¢. Place Oscilloscope TS-34A /AP in operation
as outlined in paragraph 110.
d. Adjust Audio Osecillator TS-382A/U for a
1,000-cps output as follows (See TM 11-2684A) ;
(1) Place the RANGE switch in the X10

position.

(2) Place the tuning control in the 100
position.

(3) Place the ON-OFF switch in the ON
position.

e. Connect TRIGGER jack J302 in the receiver-
transmitter to the EXT SYNC jack on the oscillo-
scope with Coaxial Cord CG-72/1.

f. Connect the output terminals of the oscillator
to the SIGNAL INPUT jack on the oscilloscope
with Probe Assembly MX-50/AP (SIGNAL IN-
PUT marked on it).

g. Adjust the FOCUS, BRIGHTNESS, IM-
AGE SIZE, and POSITION controls on the
oscilloscope to obtain a clear, well-centered
picture.

k. Adjust the SYNC VOLTAGE switeh,
SWEEP SPEED FINE control, and INPU'T
IMPEDANCE switch until as ste ady a picture
as possible is obtained.
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(7) Do not touch the magnet with a screw
driver or any other iron or steel objects.
Caution: Do not permit tools to come
in contact with the pole faces of the
net, because the tools may alter theﬁeld
strength of the magnet. Remove iron
filings or other magnetic material which
accumulate around the pole faces. Do
not wear a watch while working close te
the magnetron. Do not operate a
netron unless the magnetic shield is in
place.

AND ADJUSTMENTS

. Adjust R313 (fig. 121) until a clear stationary
sine wave is obtained.

j. If a stationary sine wave can not be obtained,
vary the tuning control on the audio oscillator be-
tween 90 and 120. Adjust R313 for a stationary
sine wave at any point in this range. '

k. Allow the radar set to warm up for 15 min-
utes. Readjust R313,

127. Spark Gap Adjustments
(fig. 121)

Spark gaps E301 and E302 require adjustment
whenever they are replaced. Always adjust spark
gap K302 first. Follow the instructions gim
below to make sure the gaps are adjusted properly.

a. Spark Gap E302. '

(1) Turn the POWER switeh in the indiea-

tor off. _

(2) Remove the plate that covers the shielded

compartment.

(3) Widen the contact spacing of spark gap
E301 to about one-sixteenth of an ineh
by turning the gap adjustment screw.
Remove the .072-inch spark gap ga.gabr
loosening the gap-holding screw. Place
the gage between the electrodes and turn
the gap-adjustment screw until frietion
is obtained.

(h) Recheck the gap setting by using thegag@
in several positions.

(6) Turn on the radar set.

(7) Usetherheostat to vary the motor genera=
tor output voltage from 110 to 122 volts

(as read on the voltage regulator metot)
(8) Energize interlock switeh S302 a fe

times and make sure that no nl‘cmg.m

(4




at the gap. If arcing occurs, increase the
gap sefting until no arcing occurs.

b, Spark Gap E301. . .

(1) Make sure spark gap E302 is adjusted
properly before adjusting spark gap
E301. ‘

(2) Remove the .036-inch gage by loosening
the gage-holding screw. Place the gage
between the electrodes and turn the gap-

adjustment screw until friction is ob-
tained.

(3) Recheck the gap setting by using the
gage in several positions.

(4) Turn on the radar set.

(5) Use the rheostat to vary the motor gen-
erator output voltage from 110 to 122

volts (as read on the voltage regulator
meter).

(6) Energize interlock switch S302 a few
times and make sure that no arcing occurs

at the gap. If arcing occurs, increase the
gap setting,

Section V. FINAL TESTING

128. General

This final testing section is intended as a guide
for determining whether a repaired transmitting
system meets the original specifications. Entire
test procedures for the transmitting system are
given. The final testing chart (fig. 222) summar-

izes the final testing procedure for the entire
radar set.

129. Timing Circuits, Prf and Wave Form
Tests

@. Prf. Measure the prf of master blocking
oseillator V30TA by following the instructions
given in paragraph 126. The prf should be be-
twveen 900 and 1,200 cycles.

b. Master Blocking Oscillator Wave Form.

(1) Connect the output at TRIGGER jack
J303 to SIGNAL INPUT terminals on
Oscilloscope TS-2390A/UP. Adjust the
oseilloscope according to instructions
given in paragraph 110,

(2) Place MARKER INTERVALS switch
on .2. Read the width of the pulse. It
should be no less than .5 microsecond
long.

(3) By means of CALIBRATING VOLT-
AGE control, read the amplitude of the
pulse. It should be not less than 30 volts.

¢. Timing Clircuits Output Wave.

(1) Remove modulator tube V305 and con-
neet lead from pin 1 of modulator socket
to SIGNAL INPUT on Oscilloscope
TS-239A/UP.  Adjust the oscilloscope

according to instructions in paragraph
110,

(2) Place MARKER INTERVALS switch
on 2. Read width of the pulse. It
should be no less than .3 microsecond.

(3) Use CALIBRATING VOLTAGE con-

trol to caleulate the amplitude. It should
be no less than 300 v,

130. Magnetron Wave Form Test

Caution: Turn off all power hefore making any
connections, '

a. Disconnect bleeder resistor R322 and cables
W801 and W802 from TRIGGER jacks J301 and
J302.

.b. Comnect TRIGGER jack J302 on the re-
celver-transmitter to EXTERNAL SYNC jack
of Oscilloscope TS-239A /UP.

. Connect a lead between the 5KV terminal of
Voltage Divider TS-265/UP and the magnetron
filament marked C. Clonnect another lead between

the 100: 1 attenuation jack on the voltage divider

to the SIGNAL INPUT of the oscilloscope with
Cord CG-332,/U.

d. 'l_‘nrn on the oscilloscope according to in-
structions given in paragraph 110,

e. Adjust the FOCUS, VERTICAL POSI-
TIONING, and HORIZONTAL POSITION-
ING controls until a clear spot is seen at the left
center of the screen,

f- Turn on the indicator POWER switch.

g. After a delay of 3 minutes, place the HIGH

VOLTAGE switeh in the receiver-transmitter in
the ON position.

h. Adjust the oscilloscope according to the di-
rections given in paragraph 110,

i. Make the horizontal base line of the pulse
coincide with the middle horizontal reference line

by adjusting the VERTICAL POSITIONING

control.

j- Caleulate the pulse amplitude by using the
following formula:
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Pulse Amplitude=100 X CALIBRATING
VOLTAGE setting X
MULTIPLIER
setting.

The pulse amplitude should be between &.5 and
10 kv.

k. Calculate the amplitude of the negative over-
shoot by using the following formula:

Negative overshoot=100X CALIBRATING
VOLTAGE setting
X MULTIPLIER
setting.

1. Place the MARKER INTERVAL switch in
the .2 position.

m. Measure the rise time (fig. 124) by counting
markers. Use the reference line to interpolate
between markers. The rise time should be be-
tween .1 and .2 microsecond.

ZERO BASE LINE

NS
PULSE AMPLITUDE OF
AMPLITUDE NEGATIVE
J OVERSHOOT
2| DECAY
TIME
RISE
o
TIME 5
ULSE =
g S e T™ 1535~564
Figure 124. Magnetron output, wave form.

7. Measure the decay time. It should be be-
tween .4 and .6 microsecond.
0. Measure the pulse width. It should be be-

tween .35 and .45 microsecond.

131. Transmitter Circuits, Power Output
(fig. 125)

The power output of the transmitter circuits is
obtained with Directional Coupler CU-78/UP,
Rf Test Load TS-108A/AP and Test Set TS-
147/UP. More details on the use of Test Set
TS-147/UP in power measurements may be ob-
tained from TM 11-1247,

a. Disconnect the wave guide run from the
duplexer on top of the receiver-transmitter.

b. Connect Directional Coupler CU-T8/UP be-
tween the duplexer and Rf Test Load TS-
108A /AP.
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| 75,
g -

¢. Connect Cord CG-92/U
Test Set TS-147/UP. Leave t
cord disconnected temporarily.
d. Set TEST switch on the test
e. Set the DBM control to
terclockwise position.
J. Connect the line cord to an
Place the 115 VAC switch in the Q
g- Adjust the METER BA
until the meter pointer is at
h. Attach the unconnected end of
92/U to the directional coupler,
125, .
i. Place the radar set in operation.
4. Turn DBM dial clockwise &
pointer is below SET POWER.
k. Detune FREQUENCY meter.

DIRECTIONAL
COUPLER

RECEIVER-
TRANSMITTER

Figure 125. Transmitter power and freg
ment, test set-up.

/. Turn DBM control counterclo
meter at SET POWER. Read DI
record. _

m. Find the total average power in
using the following formula: y

Average Power (in dbm)=DI
+ 30.5.
(The DBM reading is that obtainec
30.5 is the total attenuation of the ¢
tional coupler.)

n. Use the chart (fig. 10, TM 11
vert average power in dbm to avi
watts. .

o. Find the duty cycle from t.hg.
formula: d
prf X (pulse width,

1,000,000

For example, if the prf, as measy
graph 126, is 1,000 eycles per se

Duty eycle=



- pulse width, as measured in paragraph 130 is 4

f microsecond, the duty cycle is

1,000x 4 s ___4:9_9'_ == (YY)
1,000,000 1,000,000 ° it

7. Find the peak power from the following
formula:

; __Average power (in watts)
hoREpovier= Duty cycle
For example, if the average power as determined
from step n above is 12 watts, and the duty cycle

a5 determined from step o above is .0004, the peak
power is

12 e S
5004 =30,000 watts.

The peak power output should be no less than
30,000 watts.

132, Measuring Magnetron Frequency

a. Find transmitter power by performing steps
given in paragraph 131,

b, Tune FREQUENCY control on the test set
for a dip in the meter reading. Multiply the dial
reading by 10 to obtain the frequency in mega-

cyeles. The frequency should be between 9,345
and 9,405 me.

133. Finding Magnetron Spectrum

The frequency spectrum of the magnetron can

be found with Spectrum Analyzer TS-148/UP
(TM 11-1249) as follows:

a. Place the radar set in operation.

b. Place the ANTENNA MOTOR switch in
the receiver-transmitter in OFF position.

¢. Place the POWER switch in the spectrum
analyzer in the ON position.

d. Adjust INTENSITY control to the desired
brilliance.

¢. Place SELECTOR switch in the test set to
the MIXER position.

f. Turn SPECTRUM WIDTH control to the
maximum clockwise position.

g. Adjust SPECTRUM CENTER control for
a symmetrical bell-shaped hump on the screen of
the spectrum analyzer.

h. Place SELECTOR in the SPECTRUM
AMPLIFIER position. If interference occurs,
place SELECTOR switch in the SPECTRUM
position.

i. Connect Antenna Horn AT-68,UP to Adap-
ter UG-183/U, which is attached to the wave
guide at the left side of the spectrum analyzer.

j- Point the antenna horn at the antenna of the
radar set.

Caution: Make sure the coupling is not too
close.

k. Rotate SPECTRUM WIDTH control until

a wave form similar to the one shown in figure 126
is seen.

TM 1535~ 590
Figure 126. Magnetron spectrum.

I. Turn FREQUENCY control until the pip
coincides with the center point of the wave that is
seen on the screen. Record setting of the FRE-
QUENCY dial as f..

m. Vary SPECTRUM CENTER control until
a duplicate image of that seen in step & above is
obtained at another point in the frequency spec-
trum.

n. Turn FREQUENCY control until the pip
coincides with the center point of the wave that is
seen on the screen. Record setting of the FRE-
QUENCY dial as f.

0. Obtain the center frequency (f.) of the mag-
netron from the following formula:

_fatf

f L 9 —
The center frequency should be between 9,345 anc
9,405 me. 1
p. Turn FREQUENCY control until the pi
coincides with each minimum point in turn. R
cord the setting of the FREQUENCY dial wit
the pip at each minimum. The distance betwet

the two center minima should be about 5 me. T
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distance between all other adjacent minima should
be about 2.5 me.

134. Measuring Flux Density

Caution: Be careful not to strike the magnet
with a steel screwdriver or other steel object.

@ Turn POWER switch in the indicator in the
off position.

b. Remove the magnetic shield and hose bracket,

¢. Remove the probe unit from the storage re-
cess of Fluxmeter TS-15B/AP, and place the
probe on a flat surface,

d. Aline the probe meter pointer with the black
mark on the probe meter scale by turning the zero
adjuster on the probe,

e. Set the range selector switch to the C position.

/. Place the NORMAL-ZERO SET switch in
the (' position.

g. Rotate the OFF-MEASURE control clock-
wise until the gauss meter pointer is alined with
the mark at 48 on the C scale.

k. Hold the NORMAL-ZERO SET switch in
the ZERO SET position. The gauss meter pointer
should now be alined with the mark at 96 on the
C scale.

7. If the gauss meter pointer is not alined with
the mark at 96 on the C scale, note the position of
the pointer with respect to the mark at 96. Then
turn the zero adjusting serew on the front of the
gauss meter to displace the pointer an equal amount
on the opposite side of the 96 mark.

j. Release the NORMAL-ZERO SET switch
and readjust the OFF-MEASURE control to re-
turn the meter pointer to the mark at 48 on the
C scale.

k. Repeat procedure in ¢ and j above until the
gauss meter pointer is alined with marks 48 and
96 on the C scale for the two positions of the
NORMAL-ZERO SET switch.

{. Place the OFF-MEASURE control in the
OFF position.

m. Insert the probe between the poles of the
magnet,

n. Place the fluxmeter cabinet as far from the
wagnet as the probe cable will permit,

0. Turn on the indicator POWER switch.

p. After a delay of about 3 minutes, place
HIGH VOLTAGE switch on the receiver-trans-
mitter in the ON position.
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7. Set NORMAL-REVERSE switch to the
NORMAL position. '

r. Turn OFF-MEASURE control slowly clock-
wise and, at the same time, watch the probe meter.

8. 1f the point of the probe meter deflects back-
ward, turn the OFF-MEASURE control to the
OFF position, set the NORMAL-REVERSE
switch to the REVERSE position, and repeat
operation deseribed in » above.

{. Advance the OFF-MEASURE control until
the probe meter pointer is alined with the red mark
on its scale, or until the gauss meter pointer
renches full scale. If the latter oceurs, return
the OFF-MEASURE control to the OFF posi-
tion, set the range selector switch to the next lower
position, and repeat the operation.

u. Use the VERNIER to set the probe meter
pointer accurately at the red mark,

». Read the value of flux density on the A-
B-, or (*-scale, as determined by the setting of the
range selector switch, and multiply the reading
by 100. The flux density should be between 5,050
and 5,150 gausses.

135. Testing Spark Gaps
a. Spark Gap 302
(1) Set the 400 cps voltage to 108 volts.
(2) Place the HIGH VOLTAGE switch in
the OFF position.

Caution: Extremely high voltages aré
present. Short all high-voltage capaci-
tors to ground with an insulated-handlé
screwdriver before proceeding.

(3) Short the primary of transformer T302
with a wire lead from terminal 1 t0
ground.

(4) Place POWER switch in the indiea-
tor on.

(5) After 3 minutes, place the HIGH VOLT-
AGE switch to the ON position and then
quickly to the OFF position. Do this
once, as quickly as possible, Fuse FS0L
should blow instantly. If no are occurs
at the gap, the setting is too wide, and
should be reset.

b. Spark Gap K301.

(1) Make sure spark gap E302 is properly

adjusted before testing E301,

. ™~
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(2) Set the 400-cps voltage to 108 volts.
Turn the HIGH VOLTAGE switch to
the OFF position.

(3) Place POWER switch in indicator off.

Caution: Extremely high voltages are
present. Short all high-voltage capaci-

tors to ground with an insulated-handle
serewdriver before proceeding.

(4) Remove the leads from the magnetron
terminals.

(5) Place POWER switch in indicator on.

(6) After the delay time, place the HIGH
VOLTAGE switch to the ON position
and then to the OFF position as quickly
as possible. Spark gap E301 should are,

thu§ causing spark gap E302 to arc. If
arcing does not occur reset the gap.



CHAPTER 10
TROUBLESHOOTING IN RF SYSTEM

Section |.

Warning: Voltages sufficiently high to cause
death are present in and near the rf parts. Ex-
cept as specified, make all tests with the indicator
POWER switch off.

136. Reference Data

The following chart lists the illustrations which
may prove helpful in troubleshooting the rf
gystem.

Fig. No Description
L s Duplexer, exploded view.
g e Antenna horn and reflector adjustments.
129..__ Antenna horn and side lobe suppressor.

137. General Information

a. Nomnal Operation. If the transmitting sys-
tem is operating properly, the outgoing signal
travels through the duplexer to the wave guide
run. The TR tube prevents the transmitted
energy from entering and burning out the signal
crystal in the receiving system. From the wave
guide run, the signal travels through the fixed and
rotating joint assemblies in the antenna pedestal
to the antenna horn. The antenna horn, with the
reflector, radiates the proper pattern. The re-
turning echo is picked up by the antenna horn and
reflector. The energy is then fed back through
the wave guide run and the duplexer to the signal
crystal.

Section Il.

139. General

a. The rf system troubleshooting charts pre-
sented in _t.he paragraphs below serve merely as
guides. Not all possible symptoms are listed.
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TROUBLESHOOTING PROCEDURES

b. Obvious Troubles,

(1) Loose flanges between the duplexer and

the wave guide run, or between section of

the wave guide run, may cause arcing and
produce a rough singing noise.

(2) Wave guides that are dented, misalined,
corroded, or otherwise physically altered,
may reduce the strength of the target
echoes.

(3) If thereisno glow present in the anti-TR
tube, it is defective. '

(4) Dirty or damaged antenna horn window
will cause weak echoes, '

138. Test Points ;

[f weak echoes are obtained, TR tube V202 may
be at fault. The normal life of a TR tube is ap-
proximately 2,000 hours. To check the comdlhm
of the tube, read the voltage at the keap-drmdw'
trode (fig. 121) as indicated in  through g below.

Note. Always check the transmitting system before
making tests on the rf system.

Turn off indicator POWER switch S105.

! Discharge all high-voltage capacitors.

¢. Set up Multimeter TS-352/1 (or equal 20+
000 ohms-per-volt meter) as a voltmeter.

d. Connect the minus lead from the multimeter
to the keep-alive electrode.

e. Connect the multimeter plus lead to gmlm&n

f. Turn on indicator POWER switch.

g. If the voltage reading is not between m
volts (for new tubes) and 600 volts (for old tubes).
replace the TR tube.

If no voltage is pma@
check the keep-alive power supply (par. 202)..

RF SYSTEM TROUBLESHOOTING CHARTS

When in doubt, the repairman can use these charts
to help him get on the right track.

b. Most symptoms indicative of trouble in the
rf system are also indicative of trouble m the

i
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umitting or receiving system. Always check  in the power system troubleshooting charts (par.
g transmitting system first and then the vf  206). Transmitter synchro troubles are listed in
tem, the synchronizing and indicating system trouble-

c,:_tfa'rcihg oceurs between sections of the wave  shooting charts (par. 179-1 82).

. fide pun or between the duplexer and the wave X

uide run, first reduce the modulator plate volt- 140 Tube T‘l'oublesho’onng Chart .

! ige temporarily by decreasing the motor genera- The following chart lists a summary of picture
foroutput. If arcing continues, replace magne- symptoms and the probable tube in the rf system

| iton V306 before disassembling the wave guide ¢ fault.
Tun,

Note. Whenever TR tube V202 or anti-TR tube V201
4 The keap R fouer S\I})I)IY I8 part of the is replaced, the TR tube tuning screw must be adjusted

3 ¥ (par. 149).
power system. But since the keep-alive power 4

supply plays such an important part in the opera- Picture symptom \ Tube

tion of the rf system, symptoms associated with

the keep-alive power supply are incorporated in  Weak echoes on PPI______| V201 or V202.

the troubleshooting charts (par. 140 and 141). Echoes from nearby targets | *V202, V409 and V410,
¢. Troubles in the miscellaneous circuits in the Weak; pistant CEhrets

: : 5 normal.
antenna are not listed in the charts below. An-

ftenna dl'iVB motor and heater tl‘('lUblES are liStEd * Always replace both tubes V409 and V410 when either one 18 defective.

141, General Troubleshooting Chart

Bymplom \ Probable trouble

\ Correction

External arcing at TR tube V202

Dirt or corrosion between duplexer \ Clean body of tube with eraser and
| flange and TR tube. |

Poor contact around V201

tighten mounting screws.
External arcing at anti-TR tube V201____

| Tighten mounting screws and add

another gasket under V201, if

|  required.

_________ | Examine wave guide run for loose
joints, dents, and corrosion. Re-
place defective section.

Defective anti-TR tube V201_______| Check for normal blue glow. Re-
place V201 and retune TR tube
(par. 149).

Measure keep-alive voltage (par
188). If it is not between —825

and —600 volts, replace V202 and

retune TR tube (par. 149).

Examine wave guide run for loose
joints, dents, and corrosion. Re-
place defective section.

___________ Measure keep-alive voltage (par. 138).

If it is not between —325 and —600
volts, replace V202 and retune TR
tube (par. 149).

Tune TR tube (par. 149).

______ See Transmitting System Trouble:

shooting Charts (par. 120-122).

Receiving system detuned or defec- | See Receiving System Troubleshoot=
tive. ing Charts (par. 158-161).

Defective keep-alive power supply. | Replace rectifiers V409 and V410.

(Always replace both tubes if

| either is defective.)

___________ | Measure keep-alive voltage (par- 138).

If it is not between — 325 and "50.3

|I volts replace V202 and retune 1t

tube (par. 149).

Arcing heard in wave guide.. ...

Damage in wave guide run

Weak echoes on PPI

Defective TR tube V202

Damage in wave guide run

Frequent failure of

signal  crystal
(CR201),

Defective TR tube V202

Noise present on PPI, but no echoes_ TR tube not tuned_ _______________

Transmitting system defective

Frequent failure of signal crystal
(CR201). TR tube V202 has been
réplaced.

Echoes from nearby targets weak; dis-

Defective TR tube V202
tant targets normal,
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Bymptom

Correction

Modulator tube arcing.
system all right.

Antenna horn does not rotate

cuit.
Antenna horn rotates, but sweep on PPI

does not rotate. |

‘ Probable trouble

Transmitting | High standing wave ratio.
horn window dirty or damaged. dow,
Dented or broken wave guide

| Defective antenna drive motor ecir-

Defective synchronizing cireuits_ . __

Antenna | Clean or replace antenna horn wis-

_______ Replace defective section. Cheet
tightness of wave guide flanges

See Power System Troubleshooting
Charts (par. 205-207). .

-| See Synchronizing and Indicstine
System Troubleshooting Char
(par. 179-182). '

Section Ill. REPLACEMENT OF PARTS

142. TR Tube Replacement
(fig. 127)

To replace TR tube V202, proceed as follows:

a. Turn off indicator POWER switch S105,

b. Loosen the two captive screws and open the
hinged panel of the receiver-transmitter.

¢. Remove the plate cap elip on the TR tube.

d. Remove the four machine screws (on top of
the duplexer) that hold the TR tube.

¢. Slowly pull the tube out of the duplexer and
turn it approximately 45°, so that it clears the slot
in the hinged panel.

f. Insert the new TR tube into the duplexer.

g. Replace the four machine screws and the
plate cap clip.

k. Retune the TR tube (par. 149).

WAVE GUIDE CLAMP
FLANGE CLAMP (UPPER)

FLANGE MOUNTING

143. Anti-TR Tube Replacement
(fig. 127)

To replace anti-TR tube V201, proceed
follows:

a. Turn off indicator POWER switch S105.

6. Remove the two machine serews and the cover
plate of the anti-TR box.

¢. Remove the anti-TR tube and replace with &
new tube,

d. Replace the cover plate and the two machine

SCrews.

144. Duplexer Replacement
(fig. 127)

To replace the duplexer, proceed as follows:
a. Turn off the indicator POWER switch S105

SCREW (4) ANTI=TR WAVE GUIDE
ol MOUNT
=t /
Y /
¥ -
Fs

MAGNETRON (V306) /

WAVE GUIDE _
SECTION ANTI-TR GA!
TR TUBE (0203, 020'41

(v202) NG

CHOKE FLANGE &
M——FLANGE CLAMP (LOWER)

CIRCULAR MOUNTING FLANGE

Figure 127, Duplexer, exploded view.
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B, yemove the magnetic shield covering the
't and magnetron. .
.. temove the four flange mounting screws
(g 127) and the upper and lower flange clamps.
4. Loosen the wave guide clamp.
. Remove the TR tube as instructed in para-
Zrayh 142,

7. Remove the screws at the bottom of the TR
boxand remove the duplexer.

o Reverse the procedure in a through f above
to seplace the duplexer.

Caution: The TR and anti-TR tubes contain
talioactive materials and are a radiation hazard.
Hindle in accordance with instruetions given in

T3 S1G 225.

145, Wave Guide Replacement

Any wave guide section can be replaced. Re-
Tioye the four screws from each of the flanges,
“nd replace the section. Refer to TM 11-1335,
ladar Sets AN/SPN-11X, AN/SPN-11Y and
AN/SPN-11Z, Installation and Operation for

148. General

The alinement and adjustment. procedures for
the rf system are presented in this section. Most
of the adjustments in the rf system are mechani-
cal. The alinement chart (fig. 221) gives a sum-

mary of the complete alinement procedure for the
radar set.

149. TR Tube Tuning

Whenever any part of the rf system is replaced
the TR tube must be retuned as follows:

a. Place the radar set in operation.

b. Stop the radar antenna horn on a target that
returns a weak echo,

If no weak signal is avail-
able on the PP, attenuate the signal by turning
GAIN control R17T counterclockwise.

¢. Rotate the TR tuning adjustment (fig. 31) to

the right or left, as necessary, for maximum ampli-
tude on the PPI.

150. Antenna Horn and Reflector Adjustment
The spacing between the antenna horn and re-
flector must be checked to assure satisfactory per-

formance. The spacing can be checked with an
antenna gage or a 6-foot steel rule. Measurements

are made from pips on the top, bottom, and ends

327711 O—65——10

Rl T T e e

instructions on cutting and brazing wave guide
sections.

146. Antenna Horn Replacement

a. Remove the four flange screws that secure
the horn to the wave guide flange.

b. When replacing the hm-n; make certain the
red paint mark on the horn is alined with the red
mark on the suppressor under the two upper flange

screws.  After mounting, refer to paragraph 150
for antenna horn and reflector adjustment.

147. Antenna Reflector Replacement

a. Remove the two mounting nuts and bolts (fig.
183) that secure the reflector to the rotating
mounting base,

b. When mounting a reflector, carefully insert
the two dowel pins on the rotating head into the
two holes at the base of the reflector mounting

brackets. After mounting, refer to paragraph 150
for antenna horn and reflector adjustment.

Section IV. ALINEMENT AND ADJUSTMENTS

of the reflector (fiz. 128). The ends of the ve-
flector each have a single pip. The top and the
bottom each have two pips, The center of the

reflector is located on a line between the two pips
on the top and bottom of the reflector.

a. Antenna Gage ('heck.

(1) Make certain that the antenna horn is

fastened securely to the rotating mount-
ing base,

Loosely bolt the reflector to the rotating

mounting base so that the reflector may
be shifted,

Set the antenna gage between the two

pips in the center of the reflector and
flush over the horn.

The gage must fit
within one-thirty-second inch at all points
on the reflector.

Measure the distance (X, fig. 128) fron
the pip on each end of the reflector to eac)
edge of the horn flange. Both distance

(4)

should be the same within one-thirt:

second inch.

(5) 1f, because of damage to the antem
reflector, the measurement is not sat
factory, the reflector position should
adjusted as indicated in (6) through (1
below,
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FOUR DOWEL PINS LOCATED AT
FACTORY: TWO IN THE ROTATING
HEAD, AND TWO IN THE REFLECTOR.

RED DOT ON BOTH HORN
FLANGE AND SIDE LOBE
SUPPRESSOR PLATE SHOULD
APPEAR ON LEFT-HAND SIDE.

NOTE

DIMENSION “X" SHOWING
DISTANCE FROM EACH EDGE
OF HORN TO TIP OF
REFLECTOR MUST BE EQUAL .Y
ON BOTH SIDES TO WITHIN 5"2,

FOUR  — I3 X 2 STAINLESS STEEL HEX HD BOLTS
" CHOKE FLANGE
FOUR 7 X jg THICK STAINLESS STEEL FLAT WASHERS ON ANTENNA
FOUR -’z STAINLESS STEEL SLEPT LOCK msn:ns\
FOUR § —I3 STAINLESS STEEL HEX NUTS
2 HORN FLANGE
CAUTION
MOUNT SuP-
PRESSOR ON

HORN FLANGE
FACE AS SHOWN.

TOP VIEW OF HORN SHOWING MOUNT-
2082" ING OF SIDE LOBE SUPPRESSOR.

2062" “;Eh_pvg; 'BURRS, BREAK SHARP
-i3:280" _ CORNERS AND EDGES
.*j_l- : N : a ‘ i; . = g ,f'l:: — )‘ I i o S & % [
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(6) Determine what damage has been done
to the reflector. By visual inspection and
with the gage check, note whether the
shape of the reflector has been altered.

(7) Use a rubber hammer and carefully hit
the reflector into proper shape.

(8) Perform the gage check. If the meas-
urements are still unsatisfactory and it is
evident that the reflector cannot be ham-
mered into shape, perform the procedures
outlined in (9) through (13) below.

(9) Unbolt the reflector and remove the lo-
cating pins on the rotating mounting
base.

(10) Shift the reflector until the gage fits
within one-thirty-second
points on the reflector.

(11) If the adjustment cannot be done merely
by shifting the reflector, unbolt the re-
flector proper from the reflector brackets
and remove the dowel pins. Rebolt the
reflector loosely to its brackets, and shift
the reflector with reference to the rotat-
ing mounting base until the spacing
conforms to (3) above.

(12) Tighten all bolts.

(13) Relocate the locating pins by drilling
new holes for the dowels.

b. Steel Rule Check. When an antenna gage

i not available, use a 6-foot steel rule to check the
reflector spacing.

inch at all

(1) Measure 1574 inches, *14, inch, from
the top center pips of the reflector to the

top center of the flat flange on the horn.

(2) Measure 125, inches, =14, inch, from

the bottom center pips of the reflector to

the bottom center of the flat flange of the
horn.

ANTENNA HORN

WINDOW
(E 502)

(HS04)

SIDE LOBE
SUPPRESSOR

FLANGE SCREW (4)
AND NUT (4)

T™ i535-212

Figure 129. Antenna horn and side lobe suppressor.

(3) Measure the distance from the end pips
of the reflector to the corresponding point
on each side of the horn flange. Both

measurements should be the same within
4o inch.

Section V. FINAL TESTING

151. General

This final testing section is intended as a guide
for determining whether a repaired rf system
meets the original specifications. Entire test pro-
cedures for the rf system are given. The final
testing chart (fig. 222) summarizes the final test-
ing procedure for the entire radar set.

152. Testing Wave Guide Run

Test the power output of the transmitter cir-
cuits according to instructions given in paragraph
131. Replace RF Test Load TS-108A/AP by
wave guide run and antenna; repeat the power

output measurement. If the power output with
the antenna in place is much less than the power
output with the RE test load connected, the
trouble may be in the wave guide run.

the wave guide flanges and inspect the insides of

Loosen
the wave guides for corrosion or other damage.

153. Reflector Parabola Curve

Check the curve by holding the antenna para-
bolic profile gage against the center of the reflec-
tor rods. The gap between the reflector and gage
should be one thirty-second of an inch or less.
The backlash, as measured from the end of the
reflector, should be one-fourth inch or less.
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CHAPTER 11
TROUBLESHOOTING IN RECEIVING SYSTEM

Section |. TROUBLESHOOTING PROCEDURES

Warning: Voltages sufliciently high to cause
death are exposed at certain points in the receiving
system. Except where specified, make all tests
with POWER switch S105 in the OFF position.
Always short out high-voltage capacitors before
touching them or their associated circuits,

154. Reference Data

The following chart lists illustrations that may
prove. helpful in troubleshooting the receiving
system.

Fig. No. Deseription

130....._._| Receiving system, tube location chart.
1y e Klystron local oscillator, voltage and resist-
ance diagram.

) B Receiving system, voltage and resistance
diagram.

5 I N Receiver R-480/SPN-11, schematic.

e et Receiver R-480/SPN-11, wiring diagram.

155. General Information

a. Normal Operation. As soon as high voltage
is applied to the transmitting system, rf energy is
transmitted by the antenna. Returing echoes are
fed through the duplexer to the mixer which pro-
duces a 30 me if. The if. is fed through the signal
circuits before being applied through the video
circuits to the PPI. The GAIN control varies
the if. sensitivity, A second output of the mixer
is fed to the afe cirenits, which by varying the
voltage on the reflector of the klystron local os-
cillator in the mixer, keeps the if. constant. The
proper operation of the mixer is indicated when
the reading of CRYSTAL CURRENT meter
M201 is correct with AFC XTAL I-SIGNAL
XTAL I PUSH switch in either position. The
ste circuits are operated by the trigger that is pro-
duced by master blocking oscillator V307A of the
transmitting system.
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b. Obvious Troubles.

(1) Incorrect +140V, +300V REG, o
—300V REG outputs, as indicated on tes
meter M401, will cause the receiving sy
tem to operate improperly,

(2) Incorrect +320V output, as indicated o=
test meter M401, will cause the ste cireniis
to operate improperly.

(3) If power supplies fuse F'402 is open, nos®
of the receiving system filaments wik
light.

(4) If power supplies fuse F401 is open, sup-
ply voltages will not be available.

156. Preliminary Test Procedures

Note. Be sure that the transmitting and rf systes
are opernting properly before making tests in the ™
ceiving system,

a. Miwver,

(1) With switch S201 in the AFC XTAL!
(normal) position, read CRYSTAL
CURRENT meter M201. If the reading
is not between .4 and .75 ma, check af
crystal CR202.

(2) With switch S201 in the SIGNAL
XTAL I PUSH (depressed) positiol
read CRYSTAL CURRENT mnete
M201. If the reading is not between &
ma and .75 ma, check signal crystil
('R201.

(3) If the CRYSTAL CURRENT mete
reads too low on both positions of 520k
place A. F. . OPERATION-MAN
TUNE switch S202 to the MAN. TUNE
position. Vary REFLECTOR TUN
ING control R250. If it has no effect of
the CRYSTAL CURRENT meter read:
ing, check the klystron local oscillator:

b, Afe Circuits. Place switch S202 to th
MAN. TUNE position and then to the A. F. €



OPERATION position. If the intensity of the
ochoes on the PPI decreases as the switeh is placed
in the A. F. C. OPERATION position, the afe
circuits are inoperative.

. Nignal Circuits.

(1) A normal amount of grass on the PPI is
a fair indication that the signal cireuits
are in good order. However, if the noise
level is excessive, remove tube V204, and
note whether the noise level decreases
sharply. If so, the trouble is probably in
the mixer or V204. If the noise level
does not decrease, the trouble is probably
a defective tube in the signal if. cireuits.

(2) Vary the GAIN control. 1f the noise
level on the PPI does not change, the
fault probably is in the stages following
the GAIN control (V207 to V212). If
the noise level varies as the GAIN control
is turned, the fault is probably in the
circuits before the GAIN control (V204)
to V206) or in the mixer.

d. Ste Circuits. Trouble in the ste circuits may
cause trouble in the signal circuits. To determine
i the ste circuits are the cause, position the GAIN
control in the extreme clockwise position, and
rotate the SUPPRESSOR control counterclock-

wise. If the fault clears, the fault is in the ste
circuits.

157. Test Points

a. Afe Circuits. Perform afe if. alinement pro-
cedure given in paragraph 171 below to determine
if the afe if. amplifiers and discriminator are
operating normally.

b. Phantastron. With the afc crystal removed,
use Oscilloscope TS-34A /AP (par. 110) to check
the wave form at the plate (pin 5) of V218. It
should be as shown in figure 49,

c. Signal Circuits, Cathode Follower.

(1) Connect Oseilloscope TS-34A /AP (par.
110) to VIDEO OUTPUT jack J202.

(2) Connect negative output of Square Wave
Generator TS-583/U to the plate (pin
7) of V211.

(3) Increase the output of the square-wave
generator until the amplitude of the
pulse viewed on the oscilloscope stops in-
creasing,

(4) Determine the amplitude of the pulse.

It should be between 125 and 2 volts.
_ d. Signal Cireuits, If. Amplifiers. Perform the
signal if. alinement procedure given in paragraph

170 be!ow to determine if the signal circuits are
operating normally. -

e. Ste Circuits.

Check the wave form at pin 3
of tube V219.

If it is not as indicated in figure
55, check to see if the trigger is arriving at TRIG-
GER jack J203. If the trigger is not arriving at
the jack, check tube V219.

Section Il. RECEIVING SYSTEM TROUBLESHOOTING CHARTS

158. General

a. Not all the symptoms presented in the fol-
lowing charts are definitely due to trouble in the
receiving system. Some symptoms listed—such
as reduced target echoes—may be due to trouble
in the transmitting, rf, or synchronizing and in-
dicating systems. In any such case, it is best to
check the transmitting and rf systems before
troubleshooting the receiving system.

b. The tube troubleshooting chart and crystal
troubleshooting chart indicate what tubes or crys-
tals may be at fault. If after replacement of the
tube or crystal the fault is not remedied, refer to
the general troubleshooting chart.

K2 The general troubleshooting chart does not
give all possible symptoms. For the symptoms
ll.sted, the chart serves merely as a guide to the
circuits or stage at fault. To find the exact part
at fault, take voltage and resistance readings, and

compare them to those given in the voltage and
resistance charts (figs. 131 and 132).

159. Tube Troubleshooting Chart

Various symptoms of trouble observed on the
PPI may indicate a defective tube. The following
chart lists a summary of picture symptoms and
additional trouble indications resulting from
faulty tubes in the receiving system.

m;‘;’)ntc. Whenever V203 is replaced, realine mixer (par.
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Test Meter M201

Pleture symptom ul

Weak or no echoes. .. _________ oAl L e seaemt
Weak or no echoes. ... ... Normalo oo - - o GAIN control varies noise level. .
OARROOE L o il Na.orlow reading_ |- - oo 0a - o S _
Normal, targets obscured by | Normal ___________ SUPPRESSOR control hupans-

sea return. tive. e
Alternate sectors of light and | Meter M201 sweeps.| Symptoms exist for both |

dark areas on PPI scope. of 8202, with R250

adjusted.

Operation normal when 8202 |
placed in MAN. TUNE posi- *Jr

tion.

IST AFC IF AMPLIFIER
BAKS

2D AFC IF AMPLIFIER
6AKS

AFC DISCRIMINATOR DIODE
GALS

AFC DC AMPLIFIER 6J6

CHARGING DIODE 6ALS

PHANTASTRON

150

@

OSCILLATOR
2K25 OR 723 A/B

©

vao3

M201

STH.

STC GENERATOR AND

CATHODE FOLLOWER 6Tt
12AUT

E 7T
: R250

T201

ofolelelolalolololon

®

Figure 130. Receiving system, tube location chart.




AFC

5726/6ALSW

CATHODE FOLLOWER
vzi2
646

Figure 131.

Receiving system, voltage and resistance chart,

IF AMPLIFIER 1F AMPLIFIER
V204 vai3
5654/6AKSW 5654/6AK5W
50K
AFC
1F AMPLIFIER IE AMPLIFIER
V205 vaie
646 5654/6AK5W
AFC DISCRIMINATOR
IF AMPLIFIER DIODE
V206 V215
5654 /6AK5W §726/6ALEW
AFC
IF AMPLIFIER STC GENERATOR AND DC AMPLIFIER
V207 CATHODE FOLLOWER vaie
5654/6AKSW V219 6J6
12AUT
IE AMPLIFIER CHARGING DIODE
V208 v2IT
5654 /6AKSW 5T26/6AL5W
IF AMPLIFIER PHANTASTRON
V209 vaig
5654/6AKSW 5725/6ASE6W
NOTES
IF AMPLIFIER I VOLTAGES AND RESISTANCES MEASURED TO GROUND UNLESS
V210 OTHERWISE NOTED., USE VOLTMETER WITH 20,000 OHMS-
5654 /6AKEW PER-VOLT SENSITIVITY.
2 ALL RESISTANCES MEASURED IN OHMS WITH POWER RE-
MOVED FROM EQUIPMENT,
3 %INDICATES AC READINGS TAKEN ACROSS TUBE FILA-
MENTS.
DETECTOR DIODE 4 NC INDICATES NO CONNECTION,
vail 5  t INDICATES CONTROL VARIED FROM MINIMUM TO

MAXIMUM,

TH 1535-163
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KLYSTRON
LOCAL OSCILLATOR
V203
2K25 OR 723A/B
=120V TO -165V
700K

Figure 132,

160. Crystal Diede Traubleshooting Chart

50K (o]

NOTES

VOLTAGES AND RESISTANCES MEAS-
URED TO GROUND UNLESS OTHER-
WISE NOTED. USE VOLTMETER WITH
20,000 OHMS-PER-VOLT SENSITIVITY.
ALL RESISTANCES MEASURED IN
OHMS WITH POWER REMOVED FROM
EQUIPMENT.

% INDICATES AC READINGS TAKEN
ACROSS TUBE FILAMENTS.

NC INDICATES NO CONNECTION.
READINGS TAKEN WITH SWITCH S202

N POSITION.

t INDICATES OR
VARIED FROM MINIMUM TO MAXIMUM.

T™ 1535-I57

Klystron local ogcillator, voltage and resistance chart.

Symptom Additional Indleation Crystal
YA R n8s N Do enhoR - e e e aE e e CR201.
Alternate light and dark bands_.._ .. ____| Test meter M201 sweeps_ ... ... CR202.
Poor or no SUPPRESSOR action. .. ____ gt o e Tl e Py S ek o DRI T
Bright' spot. on. PPI which Mmoves &8 |--c-ccoo oo moocmicccenoco— e CR203.
SUPPRESSOR control is rotated.
161. General Troubleshooting Chart
— — _—l-—'
Bymptom Probable trouble Correction
P
Weak or no echoes on PPI. GAIN control | Defective stages V207 through V212_| Check tubes. Signal trace stag®
V207 to V212,

does not affect noise level.

Sweep, noise, and range marks appear.
Weak or no echoes on PPI. GAIN
control varies noise level on PPI.

Defective mixer circuits_ _ . . ________

139),

152

Check reading of M201 on botl
positions of switch S201. :
If signal crystal current is 1o%
check keep-alive voltage (B
If it is not —900%
replace TR tube and signs!
crystals, and retune TR tube
If afe crystal current is low
replace afc erystall
If both readings are low replaet
klystron local oscillator
retune mixer (par. 169).



161. General Troubleshooting Chart—Continued

Symptom Probable trouble
|

Correction

Defective signal stages V204, V205, | Check tubes.
or V206.

Make voltage and
Defective afe circuits

resistance checks of these stages.

.............. Signal trace afc circuits. Check
tuning.

Sweep and echoes appear and disapp_mr
cyclically. Bignal erystal current rises
and falls according to the same
pattern. (It is normal for the signal
erystal gurrent to rise and fall when the
HIGH VOLTAGE switch is in the OFF
position.)

Noise and crystal current present.
Magnetron current correct. All volt-
ages on test meters are correct, but no
signals appear.

Weak Bignal8 o —o-cvoomocm e

Klystron local oscillator detuned or | Tune klystron local oscillator (par.
tuned to wrong side of magnetron 169).
frequency.
Defective afc cireuits_ _ _ _ ___
Afc crystal defective

Signal trace from V213 to V218,

Check erystal (par. 109). Replace if
defective.

Tube V218 defective
TR tube detuned_____ _____________

Klystron local escillator detuned

Replace tube.
Tune TR tube (par., 189).
Retune (par. 169),

Receiving system detuned
Defective signal erystal

Retune (par, 168-171).
Check keep-alive voltage at TR tube.

If it is not between 325 and 600

volts, replace TR tube and signal
crystal. Retune TR tube (par.
149). B

Retune tube (par. 149).

Check keep-alive voltage. If voltage
is not between 325 and 600 volts,
replace TR tube and signal crystal.

‘ Tune new TR tube (par. 149).

Kl‘ystron local oscillator not oscillat- | Adjust REFLECTOR TUNING
ing. control R250. If this does not clear

the trouble, replace the tube, and
retune (par. 169).

Check tubes V204 to V212,

Check cables W706 and W707 with
ohmmeter (par. 107).

Retune (par. 170).

Push klystron firmly into tube socket.
F‘a ution: The shell of the klystron
18 at & dangerously high potential.

Replace klystron. Tune receiving
system (par. 168-169).

Remove tubes V204 through V212
one at a time. The faulty tube is
the one whose removal causes the
spoking to disappear,

Check for proper wave foim at
cathode (pin 8) of V219. Check for
trigger at V203. Check tube V219.

Check for 115 volts ac at terminals 1
and 2 of T201. 1If voltage is present,
check for open primary. Replace
transformer if defective.

Check for open secondary winding
(3, 4). Replace transformer T201,
if defective.

Check for open secondary winding

(5, 6). Replace transformer T201 if
defective.

No signal erystal eurreat

OIS S R

Defective signal circuits
Defective video

cable between
receiving system and indicator,
Signal circuits detuned

Klystron not completely in tube

Klystron local oscillator difficult to tune. not completely in tube
socket.

Impossible to get .5 ma erystal eurrent.

Defective klystron tube_ .
Dark radial lines (spoking) appear on | Ripple caused by a faulty tube in the
PPI.

signal circuits.

SUPPRESSOR control does not affect

Defective ste circuits
gea return at close ranges,

No tube filaments light..____________

Defective filament transformer T201

Filaments of tubes V217 and V218 do not | Defective secondary on filament
light; other filaments light.

transformer T201.

All filaments out except those of tubes | Defective secondary on
V217 and V218.

filament,
transformer T201.
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T20I

J203

J204

—ve ¥ ® J201
9 <]
&) c
L.ale ‘ - HB24(4)
J202 %
T™ 1535-203

Figure 133. Receiver chassis, top view, location of parts.




R222

R203

R23| R230
R20I R255 R229 R232 i
R202
. q F i R233
Re23 R253
o ©
R205 G. 3 S
QO e R252
¥ ) F
R204 /A R236
y
R206 2 R235
Z /
R207 _
( R237
R208 S R238
R209 g ® / R239
R211 I R227
K2l R245
R225'—_ ~
R213 ] N
I 3 R240
- E . 4 R24]
R214 :
1 i R242
R215 : ' R243
- il Y .
' Y . R246
” _'-._ -
Rz '6 ¥ = 1) M b R24B
M o -0 R25|
AL R228
R256
) R249
R219 B =\ ([N Rt
R217 D |
R22
R2lg R220 R254
™ 1535—119
Figure 134.

Receiver chassis, bottom view, location of resistors.
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c223 c 201 6233 ca227 cz26 c225
c236 = B 3 c228
=gy =5
c204 1. Q c229
<Ml |
6299 K c242
c202 c241
c206 c231
ce37 €230
0 /
c203 c232
c207 _____,._/...——-- cai9
c208 @ —— c218
_\x
c209 0 c220
ca21 §°234
\0222
c210
c235
czl1e L
! o c244
c2 13
caz21
0. =0
czl 4
o cz243
c2156
cair
c216
TMI535-120
Figure 135. Receiver chassis, bottom view, location of capacitors.
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L230
L202
XV204
L204
L222

L205

XV205
Lz223
E201
L206

XV206

E202
L2249
L207
Xva207

1

£225

L215

L203

CR201

CR202
L216

L2I8

L209
XvVzos8
L208
E204
L226
L210
XV209
E205
L2111

L227
XVva210
L213

Lz212
Lz228
Xvail

L214
Xvai2

Figure 136. Receiver

g
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u . L
o
J2oz2 J20I

XV213

L229
4 L220

Xv2la

L - -
/7
7 /
< xXNO <
o
N @8 =
(7] ~ o )
(£2)

\xvzla
CR204
(=)

S202

{%\R J203
0

J204
TM1535-118

chassis, bottom view, location of parts,
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Section Ill. REPLACEMENT OF PARTS

162. Receiver Chassis Replacement

The receiver chassis is mounted on the upper
right side of the receiver-transmitter (fig. 39).

To remove the chassis, proceed as follows:

a. Remove the three cables W801, W803, W804
connecting the receiver chassis to the receiver-
transmitter.

b. Remove TR tube V202 (par. 142).

¢. Remove the four screws that secure the re-
ceiver wave guide flange to the duplexer.

d. Remove the four bolts that secure the re-
ceiver chassis to the receiver-transmitter unit and
remove the chassis.

e. To replace the receiver chassis, reverse the
procedure given above.

163. Tube Replacement

Most of the tubes on the receiver chassis are in-
closed in tube shields. To remove a shield, press
it down, turn it counterclockwise, and release.
Pull the tube straight up from its socket. When
replacing a tube, do not force it into its socket.

This may damage the pins.

164. Klystron Local Oscillator Replacement
Warning: The local oscillator metal tube en-
velope has 300 volts impressed upon it. Shut off
all power before attempting to replace this tube.
To replace local oscillator V203 proceed as
follows :

KLYSTRON LOCAL
OSCILLATOR (VZ03)

CAVITY TUNING STRUT

SIGNAL
CRYSTAL HOLDER

SIGNAL TUNING
SCREW a

a. Remove the perforated shield vering
tube by pulling the shield straight up.m . ¥

b. Push aside the two spring clips that hold the
tube base.

;?. Remove the plate-cap clip from the top of the
tube.

d. Slowly pull the tube out of its socket. Do
not incline the tube until its long probe clears the
socket. e

e. To replace the tube, reverse the above pro-
cedure.

f. Retune the mixer (par. 169).

165. Tube Socket Replacement

The tube sockets for tubes V206 through V210,
V213, and V214 have built-in capacitors, Should
one of these capacitors become defective, tube
socket replacement is required.

a. Unsolder and tag all leads to the tube socket.

b. Remove the nuts and pull out the screws on
either side of the socket.

¢. Remove the socket and replace. Reverse the
procedure given in z and b above.

Caution: Run leads to the tube socket so that
the leads lie in their original position.

166. Replacement of Signal and Afe Crysials

To replace signal crystal CR201 or afe crystal
(CR202 in the mixer, proceed as follows:

a. Unscrew the crystal holder (fig. 137) and
remove the holder and crystal from the mixer.

=t L (238,c239 & €240

AFG GRYSTAL
HOLDER

AFC TUNING
SCREwW B

TM 1535-528

Figure 137. Mixer and klystrom local oscillator,
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CRYSTAL
HOLDER

CRYSTAL

KLYSTRON AND
CRYSTAL TOOL

TMI535 -598

Figure 138. Removing crystals.

b. Place the klystron and crystal tool over the
crystal so that its two prongs engage the holes
in the erystal holder (fig. 138).

¢. Unscrew the crystal cap and remove the
crystal.

Caution: Crystals should be handled with care
at all times.

d. Replace the crystal in the holder, and tighten

with the klystron and crystal tool. Place the
crystal holder back in the mixer,

167. Mixer Replacement

a. Remove the receiver chassis (par. 162).

b. Remove the two holding screws that secure
the mixer to the chassis.

¢. Remove the mixer.
d. Reverse the procedure to replace mixer.

Section IV. ALINEMENT AND ADJUSTMENTS

168. General

The alinement and adjustment procedures for
the receiving system are presented in this section.
Whenever possible, try to aline the rf system and
the receiving system as one unit. The alinement

chart (fig. 221) gives a summary of the complete
radar alinement procedure,

169. Mixer Alinement
(fig. 139)

@. General. The mixer is alined by means of
signal tuning screw A, afc tuning screw I3, the
klystron cavity tuning strut and the REFLEC-
TOR TUNING control. Signal tuning serew A

and afc tuning screw B adjust the coupling be-
tween the klystron local oscillator and the signal
and afc crystals, respectively. The cavity tuning
strut is a coarse adjustment that varies the size
of the resonant cavity. The REFLECTOR
TUNING control is a fine adjustment that con-
trols the voltage fed to the klystron reflector.

b. Alinement with Oscilloscope. Oscilloscope
TS-34A/AP, or any other oscilloscope that can
operate from a 400-cps, 115-volt source, should be
used. The detailed procedure is as follows (per.
110) :

(1) Connect the unmarked oscilloscope test
lead between TRIGGER jack J303 on
the receiver-transmitter and the EXT
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SYNC connector on the oscilloscope.
Clip the ground lead to the frame of

the receiver-transmitter.
Connect the SIGNAL INPUT coaxial

control until peak sagmd cur

maximum echo signal .
together. The final signal crystal cur-
rent (as read on the GRYSTE‘@—

2)

( test lead between VIDEO jack J201 on RENT meter) should be between .4
the receiver-transmitter and the SIG- .5 ma.

NAL INPUT connector on the oscillo- (12) Release AFC XTAL I—Sm‘ﬁ-
scope. Clip the ground lead to the frame XTAL I PUSH switch, Turn afe ad-
of the receiver-transmitter. justing screw B until tha aﬁ’,&yﬁ

(3) Place the radar set in operation. Train current (as read on the CRYSTAL
the antenna horn on a steady target. CURRENT meter) is the same as the

(4) Turn on the oscilloscope. Adjust the signal crystal current (as read in (11}
oscilloscope for a steady picture. Vary above). :
GAIN control on the indicator until (13) Readjust the TR tuning screw for max-
grass can be seen on the oscilloscope. imum echo signal amplitude on the oscil-

(5) Place the AFC OPERATION—MAN, loscope.

TUNE switch to the MAN. TUNE (14) Place the A. F. C. OPERATIQ}—-
position. MAN. TUNE switch to the A. F. C

(6) Turn signal adjusting screw A and afe OPERATION position. Thuamqﬂmda
adjusting serew B, four complete turns of the echo SIglmls on the test oscilloscope
from their extreme clockwise positions. should not increase. If the ampﬁﬁia

(7) Turn the cavity tuning strut to its ex- does increase, vary the REFL
treme counterclockwise position. Use TUNING control and the oﬂl}ym
the klystron and crystal tool (fig. 138) strut until the echo signal a
for this and all other cavity tuning strut the same on both poaltlonsofﬂ!a.ﬂ.F_C\
adjustments. Feed the tool through the OPERATION—MAN. TUNE s )
hole in the klystron insulating shield. Alinement Without Oscilloscope. Aline the

Warning: The cavity tuning strut and set wlth an oscilloscope whenever possible. In an
the klystron metal envelope have 300  emergency, the set may be alined without an oscil-
volts impressed on them. loscope as follows:

(8) Slowly turn the ecavity tuning strut (1) Place the radar set in operation. Train
clockwise and simultaneously adjust: the the antenna horn on a steady target.
REFLECTOR TUNING control until (2) Vary the GAIN control on tltemﬂiﬂﬁf
echoes appear on the test oscilloscope. until grass is seen on the PPI.

(9) Read the CRYSTAL CURRENT meter (3) Place the A. F. . OPERATION—

MAN. TUNE switch to the MAN, TUNE

in the normal and in the depressed posi-
tons of the AFC XTAL I-SIGNAL
XTAL I PUSH switch. If the reading
on either position exceeds .76 ma, turn
signal tuning screw A or afe tuning screw
B, as necessary, until the current reading
is approximately .70 ma.

(10) Adjust the TR tuning serew for max-

imum amplitude of the echo signals ap-
pearing on the test oscilloscope.

(11) Keep AFC XTAL I-SIGNAL XTAL

160

I PUSH switch depressed. Adjust the
REFLECTOR TUNING control for
peak signal crystal current. Next adjust
the cavity tuning strut for maximum
amplitude of echo signals on the oscillo-
scope. Make slight adjustments in each

position,
(4) Adjust REFLECTOR TUNING con-

trol for a peak reading on the CRYSTAL
CURRENT meter.

(5) Turn afc adjusting screw B untl
CRYSTAL CURRENT meter reads 3
ma. Depress A. F, C. XTAL I-SIGNAL
XTAL I PUSH switch. Turn signsl
adjusting screw B until CRYSTAL
CURRENT meter again reads .5 ma.

(6) Place the A. F. C. OPERATIQE‘-'
MAN. TUNE switch in the A. . €
OPERATION position.

(7) Turn the cavity tuning strut to Ifﬁ\““
treme counterclockwise position. Then
slowly turn it clockwise. The mdingfﬂi



RING (0 201 SIGNAL

:—-— ANTI-TR TUBE

@o@b

s TO
ANTENNA

MAGNETRON L
AFC TUNING

SCREW
KLYSTRON AND
CRYSTAL TOOL

(HB825)

AFC CRYSTAL —’é@

CR202
PIN

IN23B CRYSTAL

CRYSTAL LOCK
ADJUSTMENT HOLES

—T"{\\\\\\‘-‘-

cﬂYS't’AL

OR O 202 AFC)

= CRYSTAL HOLDER
(E212 SIGNAL OR
E213 AFC)

Figure 139.

CRYSTAL CURRENT meter will rise
and fall periodically.

Warning: The cavity tuning strut and
the klystron metal envelope have 300 volts
applied.

(8) Turn the cavity tuning strut slowly
clockwise and simultaneously rotate the
REFLECTOR TUNING control back
and forth until the reading of the
CRYSTAL CURRENT meter becomes
steady.

(9) Place the A. F. C. OPERATION—
MAN. TUNE switch in the MAN. TUNE
position. Adjust the REFLECTOR
TUNING control for peak reading in the
CRYSTAL CURRENT meter. Note
this reading.

(10) Place the A. F. C. OPERATION—
MAN. TUNE switch in the A. F. C.
OPERATION position.
the CRYSTAL CURRENT meter
should not. change. If the reading does
change, turn the cavity tuning strut
slightly to obtain the same current read-

The reading of

327711 0—55——11

TR TUBE

TR TUNING SCREW

Fe=————=———

1
TEST SETUP —if R4 16
20.0000/V 2.2M

0-1,000V
DC
.

SIGNAL
CRYSTAL (CR201)

y =
CAVITY TUNING ESDMETER

STRUT

KLYSTRON LOGAL
OSCILLATOR (V203)

TM I1535-122

Mizer and duplexer adjustments,

ing as that obtained from the procedure
performed in (9) above.
(11) Repeat procedure indicated in (9) and
(10) above until the CRYSTAL CUR-
RENT meter reading is the same in both
positions of the A. F. C. OPERA-
TION—MAN. TUNE switch.
(12) Readjust signal adjusting screw A and
afe adjusting screw B so that the CRYS-
TAL CURRENT meter reads between .4
and .5 ma on both positions of AFC
XTAL I-SIGNAL XTAL I-PUSH
switch.
(13) Readjust the TR tuning serew for maxi-
mum intensity of echo signals seen on
PPL
d. Checking Frequency of Klystron Operation.
After alining the mixer, make certain the klystron
local oscillator is operating at a frequency 30 me
above the magnetron frequency. Use the follow-
ing procedure.
(1) Slowly turn the cavity tuning strut
clockwise. If echo signals disappear and
then reappear, slowly turn the cavity
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tuning strut back to its original position.

At this position the klystron is operating

at its correct frequency.

(2) If echo signals do not reappear when the
cavity tuning strut is turned clockwise,
it means that the original setting of the
cavity tuning strut was incorrect. Turn
the cavity tuning strut counterclockwise.
The echo signal should appear (in the
original position of the klystron tuning
strut), disappear and then reappear.
The klystron is operating at its correct
frequency at the point of the second ap-
pearance of the echo signal.

(3) Oscillation of the klystron local oscilla-
tor at the wrong frequency is indicated
when the reading of the CRYSTAL
CURRENT meter cannot be made the
same on both positions of the A. . (.
OPERATION—MAN. TUNE switch.
Turn the cavity tuning strut counter-
clockwise to the point of the next peak
reading on the CRYSTAL CURRIENT
meter.

e. Final Alinement C'heck. Place the HIGH
VOLTAGE switch in the OFF position. The
reading of the CRYSTAL CURRENT meter
should rise and fall periodically. Place the switch
in the ON position. The meter reading should be

steady.

170. Signal Circuits Alinement
(fig. 140)

Check the alinement of the signal if. whenever
a tube or other part in the signal if. is replaced.
Usually adjustment of signal trimmer C201 is
sufficient. However, if any of the grid coils is
replaced, it may be necessary to tune the new grid
coil to the proper frequency. Signal Generator
TS-452A/U is used for all signal if. alinement.

a. Preparation of Signal Generator 1°S-
4624 /0.

(1) Open the large access door on top of the
signal generator and place 19-39-me oseil-
lator plug-in coil 1504 in the appropriate
socket.

(2) Place wave meter band selector switch
in position C (2146 mc).

(3) Place POWER switch in the ON posi-
tion. Allow a few minutes for the set to
warm up.

162
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(4) Open the small access doormtq‘;ufﬁa
signal generator and adjust INTENS,
FOCUS, HORIZ. CENTER and VERT.
CENTER controls for a clear and prop
erly centered spot on the screen,

(5) Place MOTOR switeh in the ON pos-
tion. iy

(6) Adjust HORIZONTAL SYNC control
until the spot becomes a horizontal Tine
across the entire sereen. :

(7) Connect one end of the traveling detector
cable to VERTICAL INPUT jack
Connect a short. lead between the center
chuck of the probe and the center hole of
RF OUTPUT jack. Ground the outer
chuck of the probe to the panel.

(8) Turn HORIZONTAL AMPL GAIN
control until the horizontal line is 2
inches long. ' '

(9) Turn VERTICAL AMPL GAIN con-
trol until two parallel lines approxi
mately 1 inch apart appear on the screen.

(10) Remove lead from center chuck and
hole of RF OUTPUT jack.

b. Adjustment of Signal Trimmer C201.

(1) Remove signal crystal CR201. Connect
the RF OUTPUT jack on the signal gen-
erator to the signal crystal jack.

(2) Connect a 220-ohm resistor across E201
and across E202. Remove V207 from its
socket.

(3) Connect the traveling detector between
the VERTICAL INPUT jack on thesig-
nal generator and the cathode (pin 7) of
V206.

(4) Place selected RF ATTENUATOR
switches on the signal generator (butnot
the 3 DB switch) at IN.

(5) Throw the 3 DB switch of the RF AT-
TENUATOR in the signal generator to
IN.

(6) Place on the oscilloscope screen a hori-
zontal calibration line corresponding to
the amplitude of the attenuated wave
form (A, fig. 141). Once this level has
been established, do not. change the VER-
TICAL AMPL GAIN or the HORL-

ZONTAL AMPL GAIN controls, or
vary any of the RF ATTENUATOR
switches, except as specified later.

(7) Adjust the MARKER AMPLITUDE
control on the signal gmammrunhlﬂlﬁ
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T™ 1535-521
Figure 1}0.

i

Setup for trimmer C201 adjustment.

S

A. SET HORIZONTAL
CALIBRATION LINE
TO 3DB LEVEL

Figure 1}1.

blanker marker appears clearly on the
wave form. The frequency in band C
to which the frequency dial is set is indi-
cated under the hairline on the dial, and

on the wave form at the point blanked
out by the marker.

B. SET MARKER X TO POINT
WHERE LOW-FREQUENCY
PORTION OF CURVE
CROSSES 3DB LEVEL.

C. SET MARKER Y TO POINT
WHERE HIGH-FREQUENCY
PORTION OF CURVE
CROSSES 3DB LEVEL.

T™ 1535-594

Signal circuits frequency response curves.

(8) Place the 3 DB switch of the RF AT-
TENUATOR in the OUT position.

(9) Turn the wave meter tuning control on
the signal generator until the marker ap-
pears at the point where the left hand
portion of the curve crosses the 3 DB
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level, point X (B, fig. 141.) Record this

frequency.

(10) Turn the wave meter tuning control
until the marker appears at the point
where the right hand portion of the curve
crosses the 3 DB level line, point Y (C,
fig. 141). Record this frequency.

(11) Adjust signal trimmer C201 for flat fre-
quency response with a center frequency
of 30 me and the 3 DB points at 27.5 me
(=.5me) and at 32.5 me (.5 me).

1. Adjustment of Grid Coils.

(1) Perform steps described in a and & above.
(2) Adjust 1203 (by pushing the coils in or
pulling them out) for a flat band pass be-
tween 27.5 me and 32.5 me.

Replace V207. Remove V208. Remove

the 220-ohm resistor placed across 18202,

Set GAIN control to its extreme clock-

wise position.

Connect. the traveling detector between

the VERTICAL INPUT jack on the sig-

nal generator and the cathode (pin ) of

V207.

Turn the wave meter tuning control on

the signal generator until the wave meter

dial reads 30 me on scale C.

Adjust 1207 (red-blue dotted coil) to

peak at 26.75 me.

Replace V208. Remove V209.

220-ohm resistor across K202,

(9) Connect traveling detector to the cathode
(pin 7) of V208.

(10) Turn the wave meter tuning control on
the signal generator until the wave meter
dial reads 32.5 me on scale C.

(11) Adjust L208 to peak at 32.5 me.

(12) Remove V206 and V207 and replace
V209.

(13) Connect the RF OUTPUT jack on the
signal generator to the plate (pin 5) of
V207.

(14) Connect traveling detector to cathode
(pin 7) of V209.

(15) Turn the wave meter tuning control on
the signal generator until the wave meter
dial reads 27.9 me on scale C.

(16) Adjust L210 (red-green dots) to peak
at 27.9 me,

(17) Remove V208,

(3)
(4)
(5)

(6)

(7)
(8)

Replace

T

(18) Counect the RF OUTPUT jack on the
signal generator to the pin 3
< i plate (pin 5) of

(19) Connect traveling detector to cathode
(pin 7) of V210. '

(20) Turn the wave meter tuning control on
the signal generator until the wave meter
dial reads 32.9 me on scale O,

(21) Adjust 1211 (red-violet dots) to pesk.

(22) Remove V209.

(23) Connect RF OUTPUT jack on signal
generator to the plate (pin 5) of V209.

(24) Unsolder wire at VIDEQO OUTPUT
jack J202 going to pin 7 of V212, TUn-
solder end of C216 going to pin 6 of V212.

(25) Wire in spare coil (yellow dot) from
junction of L1214 and (216 to VIDEO
OUTPUT jack.

(26) Connect traveling detector to VIDEO
OUTPUT jack.

(27) Turn the wave meter tuning control on
the signal generator until wave meter
dial reads 30.25 me on scale C.

(28) Peak 1212 (brown-violet).

(29) Replace all tubes in their sockets.

(30) Check adjustment of C201 as described
in b above.

171. Afc Circuits Alinement
(fig. 142)

Check the alinement of the afe if. stages when-
ever a tube or other part is replaced. Usually
adjustment of afc trimmer (€226 is sufficient.
However, if either of coils L232 or 1233 in the aft
discriminator is replaced it may be necessary to
adjust them. Signal Generator TS-452A/U i
used for all afe circuit alinement. Prepare the
signal generator according to the instruetions in
paragraph 170, then proceed as follows.

a. Adjustment of Afe Trimumer C226.

(1) Remove afe crystal CR202. (Connect the
RF OUTPUT jack on the signal gei-
erator to the afe crystal jack.

(2) Connect a H60-ohm resistor across R230,
and a 220-ohm resistor across R233,

(3) Connect the traveling detector between
the VERTICAL INPUT jack on the
signal generator and the cathode (pin 7)
of V214.
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TRAVELING
DETECTOR

Figure 142. Test setup for alinemeni of afe trimmer 0226,

(4) Place selected RF ATTENUATOR
switches on the signal generator (but not
the 3 DB switch) at IN.

(5) Throw the 3 DB switch of the RF
ATTENUATOR in the signal generator
to IN.

(6) Place on the oscilloscope screen a hori-
zontal calibrating line, corresponding to
the amplitude of the attenuated wave
form (A, fig. 141). Once this level has
been established, do not change the
VERTICAL AMPL GAIN or the HOR-
1ZONTAL AMPL GAIN controls, or
vary any of the RF ATTENUATOR
switches, except as specified later.

(7) Adjust the MARKER AMPLITUDE
control on the signal generator until the
blanker marker appears clearly on the
wave form. The frequency on band C
to which the frequency dial is set is indi-
cated under the hairline on the dial and

T™ 1535-523

on the wave form at the point blanked
out by the marker.

(8) Place the 3 DB switch of the RF
ATTENUATOR in the OUT position.
(9) Turn the wave meter tuning control on
the signal generator until the marker ap-
pears at the point where the left hand

portion of the curve crosses the 3 DB
level, point X (B, fig. 141).

Record this
frequency.

(10) Turn the wave meter tuning control
until the marker appears at the point
where the right hand portion of the curye
crosses the 3 DB level point Y (C, fig.
141). Record this frequency.

(11) Adjust afc trimmer (226 for a flat re-
gponse with the 3 DB points at 27.5 mc¢
and at 32.5 me.

(12) Turn the wave meter tuning control on

the generator until the wavemeter dia]
reads 30 mc on scale C.
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(13) Adjust L219 for centering of the 30 me
marker.

(14) Remove the 220- and 560-ohm resistors.

b. Adjustment of Discriminator.

(1) Keep the wave meter dial set at 30 me,
Keep the generator output connected to
the afe crystal jack.

(2) Connect the traveling detector to the
junction of R235 and R236. The curve

.

on the scope should be as shown in fig.
ure 47,

(3) Turn the wave meter tuning control unti}
the wave meter dial reads 27.5 me on
scale C.  Adjust 1232 for a peak at the
marker.

(4) Turn the wave meter tuning control unti]
the wave meter dial reads 32.5 mc on scale
C. Adjust 1233 fora peakatmm.

Section V. FINAL TESTING

172. General

This final testing section is intended as a guide
for determining whether a repaired receiving sys-
tem meets the original specifications. Entire test
procedures for the receiving system are given.
The final testing chart (fig. 222) summarizes the
final testing procedure for the entire radar set.

173. Bandwidth
(fig. 143)

Measure the bandwidth by means of Test Set
TS-147/UP and Oscilloscope TS-239A/AP as
follows:

a. Disconnect the wave guide from the duplexer.
Connect Directional Coupler CU-78/UP between
the duplexer and the wave guide.

b. Connect Cord CG-91/U between TRIGGER
jack J303 on the receiver-transmitter and TRIG-
GER in jack on the test set.

¢. Connect Cord CX-337/U between 115 V AC
receptacle on the test set and a 115-volt ac outlet.

d. Connect Cord CG-332/U between SIGNAL
INPUT jack on the oscilloscope and VIDEO
OUT jack J201 in the receiving system. Connect
an 82-ohm resistor between VIDEO OUT jack
and ground.

¢. Connect the other Cord CG-332/U between
TRIGGER jack J302 on the receiver-transmitter
and EXTERNAL SYNC jack on the oscilloscope.

f. Connect Cord CX-337/U between POWER
INPUT jack on the oscilloscope and a 115-volt ac
ontlet.

- Place the test set in operation and adjust it
as follows:

(1) Place the 115 V AC switch in the ON
position. Allow 2 or 3 minutes for the
test set to warm up.

(2) Place TEST switch in the dot position
between TRAN and RECYV.

(3) Place DBM control to about +15 dbm.
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(4) Place POWER SET control in its maxi-
mum clockwise position. :

(5) Place the PHASE control in its mid-
position.

(6) Place SIGNAL WIDTH control in the
MIN position.

h. Place the oscilloscope in operation acco
to the instructions given in paragraph 110.

. Adjust SIGNAL FREQ. control on the test
set for maximum signal amplitude on the oscillo-
scope. Set TEST control to RECV and adjust
DBM control to prevent saturation.

7. Tune the receiving system of the radar set, if
necessary.

/. Turn SIGNAL WIDTH control on the test
set clockwise to obtain a band pass curve. Adjust
PHASE control to hold pattern on the oscilloscope
screen.

7. Adjust FREQUENCY meter control so that
the pip is on top of the band pass curve. The
reading of the FREQUENCY dials at this point
should be between 9,345 and 9,405 me.

m. Increase the DBM setting by 3 DB. Detune
FREQUENCY meter. Mark the height of the
band pass curve. '

n. Restore DBM to its original setting.

0. Rotate FREQUENCY dial to cause the fre-
quency pip to move across the oscilloscope screen.
Observe the FREQUENCY dial readings at the
two points where the pip passes through the 3
DB points (as determined in g above).

p. The difference in frequency between the two
3 DB points should be between 4.5 and 5.5 me.

174. Sensitivity
(fig. 143)
The sensitivity of the receiving system iS'd&-
termined by measuring the minimum

signal by means of Test Set TS~14T/UP and Os-
cilloscope TS-239A/AP as follows:
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Figure 143. Bandwidth and sensitivity, test setup.

a. Disconnect the wave guide from the du-
plexer- Connect Directional Coupler CU-T8/UP
between the duplexer and the wave guide.

3. Connect Cord CG-91/U between TRIGGER
jack J 303 on the receiver-transmitter and TRIG-
GER IN jack on the test set.

». Connect Cord CX-337/U between 115 V AC
reoepmle on the test set and a 115-volt ac outlet.

4. Connect Cord CG-332/U between SIGNAL
iNPUT Jjack on the oscilloscope and VIDEO
OUT jack J201 in the receiving system. Connect
an 82-ohm resistor between VIDEO OUT jack
— grolmd-

». Connect the other Cord CG-332/U between
TRIGG ER jack J302 on the receiver-transmitter
and EXTERNAL SYNC jack on the oscilloscope.

7. Connect Cord CX-337/U between POWER
INPUT jack on the oscilloscope and a 115 volt ac

outlet. :
g. Place the test set in operation and adjust it

as follows:

(1) Place the 115 V AC switch in the ON
position. Allow 2 or 3 minutes for the
test set to warm up.

(2) Place TEST switch in the TRAN posi-
tion.

(3) Place the DBM in the maximum counter-
clockwise position.

h. Place the oscilloscope in operation by fol-
lowing the instructions given in paragraph 110.

i. Place the A. F. C. OPERATION-MAN.
TUNE switch on the receiver chassis in the
A. F. C. OPERATION position.

J. Turn the GAIN control in the indicator un-
til one-half inch of grass is showing on the test
oscilloscope.

k. Turn the test set to receiver frequency in the
following manner:

(1) Adjust METER BALANCE control
until meter pointer is at balance.

(2) Place TEST switch in the RECV posi-
tion,

(3) Place DBM control in the +15 position.
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(4) Place the POWER SET control in its
maxim clockwise position.

(5) Place the PHASE control in midposi-
tion.

. Obtain frequency modulated signal as fol-
lows:
(1) Place SIGNAL WIDTH control in the

MIN position.

(2) Adjust SIGNAL FREQ control for
maximum signal. If signal does not ap-
pear on the oscilloscope, place TEST
switch in dot position.

(3) Vary DBM control to prevent saturation
of the signal as seen on the oscilloscope.

m. Check METER BALANCE.

(1) Place TEST switch in the TRAN posi-
tion,

(2) Place DBM control in the maxXimum
counterclockwise position.

(3) Adjust METER BALANCE control
until the meter pointer is at BALANCE.

n. Bring back the fm signal.

(1) Place the TEST switch in the RECV
position.

(2) Turn the DBM control clockwise until
the signal is seen on oscilloscope.

0. Turn SIGNAL WIDTH control to the CW
position, while adjusting the PHASE control to
keep the curve on the oscilloscope screen steady.

». Rotate the FREQUENCY control to either
end of the frequency range to detune the frequency
meter.

g. Adjust POWER SET control until the meter
pointer moves to the SET POWER line.

7. Bring back the fm signal again.
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(1) Turn SIGNAL WIDTH control care-
fully counterclockwise,
(2) Select the mode used in Z above.

8. Turn the DBM control slowly until the signal
just disappears in the grass, When the signal be-
comes very small, turn the DBM control counter-
clockwise (reducing signal) in 1 db steps and
move the signal back and forth with the PHASE
control for identification of the signal as it moves
horizontally along the base line of the oscilloscope.
When the signal is least visible, record the reading
of the DBM dial as M.

<——LEVEL ADJUSTED

BY MEANS OF
T CONTROL
SIGNAL FROM
TEST SET TS-147/UP
TM 1535-204

Figure 1}4. Receiver sensitivity, test wave form.

¢. The minimum discernible signal power, or
the received performance figure in decibels below
1 milliwatt, is obtained from the following
formula:

Min. discernible signal=M + 30.5
where 30.5 is the attenuation of the cable
and the directional coupler.

For example, if the DBM reading is 63, the
minimum discernible signal power is 63+
30.5=903.5 dbm. A sensitivity of at least
90 is required.



CHAPTER 12
TROUBLESHOOTING IN SYNCHRONIZING AND INDICATING SYSTEM

Section |. TROUBLESHOOTING PROCEDURES

Caution:

1. The PPI has 5 kv applied to it through
a high voltage cap. Be sure interlock
switeh S103 operates to cut off the PI’I
power supply when the top cover is Te-
moved. Discharge capacitors C117 and
(118 with a serewdriver before working
around the PPI power supply.

9. The failure of selenium rectifiers can result
in the liberation of poisonous fumes and
the deposit of poisonous selenium com-
pounds. If rectifier CR102 (fig. 151)
burns out or arcs over and produces a
strong odor, provide adequate ventilation
immediately. Awoid inhaling the fumnes
and. do not handle the damaged rectifier
wntil it has cooled.

175. Reference Data

The following chart lists the illustrations that
may prove helpful in troubleshooting the syn-
chronizing and indicating system.

Fig. No. Deseription

72__._____| Bynehronizing circuits, schematic.

LA L Indicator, voltage and resistance chart.

14Dy T PPI, voltage and resistance chart.

146 - Range mark and video circuits, wave forms.

LKk i Multivibrator and sweep circuits, wave
forms.

-2 0 e Range and Azimuth Indicator IP-193/-
8PN-11, schematic.

218.._____| Range and Azimuth Indicator IP-193/-
SPN-11, wiring diagram.

220________| Power distribution diagram.

41 7 Indicator, tube location chart.

A Antenna, schematic.

176. General Information

a. Normal Operation. When POWER switch
8105 is turned on, a trigger from the master
blocking oscillator in the transmitting system sets

the indicator multivibrator in motion. The multi-
vibrator does three things. It provides an un-
blanking pulse that prevents the return trace from
being visible on the PPI; it sets the sweep circuits
into operation; and it turns on the range mark
circuits. RANGE switch S101 controls the
length of the sweep and the number of range
marks for each sweep. As soon as the antenna
horn is made to rotate, the synchronizing circuits
cause the sweep to rotate and produce fore and
aft heading flashes. When HIGH VOLTAGE
switch S301 in the transmitting system is turned
ON, returning echoes pass through the video cir-
cuits where their amplitude is controlled by CON-
TRAST control R160. The range marks also
pass through the video circuits. Their amplitude
is varied by RINGS control R165.
b. Obvious Trouble.

(1) If +320 v or +300 v reg are not avail-
able, the entire indicator will be inopera-
tive.

(2) If —300 v reg is not available, the PPL
will be inoperative,

(3) If fuse F102 is open, high voltage is not
available for the PPI, and the PPI will
be blank.

(4) If fuse F101 is open, none of the tube
filaments or dial lamps will light and
synchro alinement, relay K101 will not
operate.

(5) If SYNCHRO fuse F803 on the conveni-

ence panel is open, the synchronizing
circuits will be inoperative.

177. Operational Test

Follow the instructions given in trouble shoot-
ing based on starting procedure (par.115). When
trouble in the synchronizing and indicating sys-
tem is indicated, refer to the synchronizing and

indicating system troubleshooting charts (par.
180-182).
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178. Test Points
(figs. 145 and 146)

Be sure the transmitting, rf, and receiving sys-
tems are operating properly before making tests
in the synchronizing and indicating system.

a. T'rigger. Check the wave form on the 3 mile
range at TRIGGER jack J101, Ifitisnotasindi-
eated in figure 116, check cables W705 and W709.

b. Multivibrator. Check the wave form at the
junction of R102 and R103 (fig. 155). If it is
not as shown in figure 145, make a voltage and
resistance check in multivibrator stage V101A.

¢. Sweep Circuits. Test the output of the sweep
circuits at the grid (pin 5) of V104. If the wave
form is not as shown, trouble is in the sweep cir-
cuits. Check the wave forms at the other test
points indicated in figure 145 to pin down the
exact stage. Use the voltage and resistance chart
to find faulty part.

d. Range Mark Circuits. Check the output of
the range mark circuits at the plate (pin 5) of
range mark peaking amplifier V108B. If it is not
as indicated, trouble is in the range mark circuits.
Use the other wave forms indicated in figure 146
to pin down the faulty stage.

e. Video Circuits.

(1) Plug the line cord of Square Wave Gen-

erator TS-583A /U into a 115 v ac outlet.

Section Il.

179. General

a. Not all the symptoms presented in the fol-
lowing charts are definitely due to trouble in the
synchronizing and indicating system. Some
symptoms listed—such as reduced target echoes—
may be due to trouble in the transmitting, rf, or
receiving systems. In any such case, it is best to
check the transmitting, rf, and receiving systems
before trouble shooting the synchronizing and
indicating system,

b. The tube troubleshooting chart and the crys-
tal troubleshooting chart indicate what tubes or
crystals may be at fault. If the fault is not
remedied after replacement of the tube or crystal,
refer to the general troubleshooting chart.

¢. The general troubleshooting chart does not
give all possible symptoms. For the symptoms
listed, the chart can merely guide you to the cir-
cuits or to the stage at fault. To find the exact
part at fault, take voltage and resistance readings,
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(2) Place the POWER switch on the square
wave generator in the ON position.
Place the EXT.-60~switch on the gen-
erator in the 60~ position.

(4) Connect one end of a cable between one of
the OUTPUT terminals of the generator
and ground and the other end of the
cable to VIDEO jack J108 in the indi-
cator,

(5) Conncet and adjust Oscilloscope TS-
34A/AP according to the instructions
given in paragraph 110.

(6) View the signal present at the cathode
(pin 11) of the PPL. If it is not present,
or if it is present but distorted, the video
circuits are not operating properly.

/. PPI. Read the voltage at H. V. TEST jack
J102. If it is not 50—which represents 5,000
volts—check the PPI high voltage rectifiers.

9. Synchronizing Cireuits. Check the voltage
between terminals A 12 and A 13 on TB804 in
the convenience panel. It should be 115 volts.
If this reading is correct, use an ohmmeter to
check the continuity between A 11 and A 10 on
TB804. It should have continuity except when
synchro alinement relay K101 contacts are closed
manually.

(3

—

SYNCHRONIZING AND INDICATING SYSTEM TROUBLESHOOTING CHARTS

and compare them to those given in the voltage
and resistance charts (fig. 148 and 149).

d. Some parts of the synchronizing circuits are
located in the antenna. Other parts of the syn-
chronizing circuits are located in the indicator.
These parts are connected by means of cables
which have their interconnection points on the
terminal boards at the bottom of the receiver-
transmitter. Therefore, the terminal boards pre-
sent a convenient testing point for the synchro-
nmnp; circuits, and the cabling diagram (fig. 219)
is convenient for tmub]eshootmg these circuits.

¢. The indicator is connected to the receiver-
transmitter through the junction box. The junc-
tion box, therefore, is another convenient test point
for pulse, voltage, or resistance,

180. Tube Troubleshooting Chart
The following list is a summary of abnormal
PPI presentations and the tube or tubes that may
be the cause of the trouble.



ONE —SHOT MULTIVIBRATOR VIOIA SWEEP VOLTAGE AMPLIFIER VIO3

TEST POINT: JUNCTION OF R102 AND R 103 TEST POINT: GRID, PINT
TTENUATION : 54 db ATTENUATION: 12 db

gwEEEPLf START- STOP SWEEP: START-STOP

SPEED * MEDIUM SPEED ' SLOW

ONE — SHOT MULTIVIBRATOR VIOIB SWEEP CURRENT AMPLIFIER VIO4
TEST POINT:' PLATE, PINS TEST POINT: CATHODE ,PIN 3
ATTENUATION: 60 db ATTENUATION: 12 db

SWEEP ' START-STOP SWEEP: START-STOP

SPEED ' SLOW SPEED: SLOW

ONE -~ SHOT MULTIVIBRATOR VIOIB SWEEP CURRENT AMPLIFIER V104

TEST POINT' CATHODE, PIN 6 TEST POINT: GRID, PIN 5
ATTENUATION: 52 db ATTENUATION: 26 db
SWEEP:' START-STOP SWEEP ' START-STOP
SPEED ' MEDIUM SPEED : SLOW

NOTES:
l. WAVE SHAPES TAKEN WITH OSCILLOSCOPE TS-34A/AP.

2 SWITCH ON [3] MILE RANGE.
3. [EXTERNAL SYNC] INPUT TO [TRIGGER] JACK J303.
4. SWITCH IN POSITION.

T™ 1535-206
Figure 145. Multivibrator and sweep circuits, wave forms.
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RANGE MARK OSGILLATOR VIO7A

RANGE

TEST POINT: PLATE, PIN 2
ATTENUATION: 58 db
SWEEP ' START- STOP

SPEED ' MEDIUM

MARK LIMITER AMPLIFIER VIO7B

TEST POINT: GRID, PIN 4
ATTENUATION: 44 db
SWEEP' START-STOP

SPEED * MEDIUM

RANGE MARK LIMITER AMPLIFIER VIO7B

TEST POINT: PLATE, PIN 5
ATTENUATION : 56 db
SWEEP ' START- STOP
SPEED ' MEDIUM

2 wowp

Figure 146.

NOTES:

RANGE MARK INVERTER AMPLIFIER VIOBA

TEST POINT: PLATE, PIN 2
ATTENUATION : 60 db
SWEEP: START-STOP
SPEED : MEDIUM

RANGE MARK PEAKING AMPLIFIER VIO88

TEST POINT : PLATE, PIN 5
ATTENUATION : 46 db
SWEEP: START-STOP
SPEED' MEDIUM

VIDEO MIXING AMPLIFIER VIO98B

TEST POINT ' PLATE, PIN 2
ATTENUATION: 26 db
SWEEP ' START-STOP
SPEED : MEDIUM

WAVE SHAPES TAKEN WITH OSCILLOSCOPE TS-34A/AP.

SWITCH ON [3] MILE RANGE.
[EXTERNAL SYNC] INPUT TO [TRIGGER] JACK J303.

HPLATES| SWITCH IN |[NORMAL | POSITION.

Range mark and video circuits, wave formas.

T™ 1535-207
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VIDEO OUTPUT
AMPLIFIER
6AQ5

VIDEO MIXING
AMPLIFIER
6J6

RECTIFIER
2X2A
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Figure 147. Indicator, tube location ohart.

RANGE MARK
PEAKING AMPLIFIERS
6SN7

RANGE MARK
OSCILLATOR 6%570 AMPLIFIER

SWEEP CURRENT

AMPLIFIER
6BG6

SWEEP VOLTAGE

AMPLIFIER
6SN7

ONE-SHOT

MULTIVIBRATOR
6SN7

DC RESTORER
6ALS

TM 1535-596



Bymptom Tube
I B L e D S oA o o o s s e Viol
V106
V105
No sweep. Bright spot in center of PPI_____ vio2  Norange marksand v
viog  Norange rings.
V104 Picture gets dimmer
No range rings. Sweep, heading flashes, and vanced clockwise.______.
wideo present. 0 W8 el T0o V107 Range rings bloom
V108 Dark areas following fla
V109 .

No range rings, no echoes, or weak echoes,

Sweep and heading flashes present_ . - ____.___ V109
V110

Distance between range rings unequal . ________ V102
Range rings brighter than usual with dark

areas after each mark, weak echoes. _________ V109
Hole in center of PPI sweep larger than hole at

T ST kL e e e V104
182. General Troubleshooting Chart

Symptom Probable trouble
PPI blank on all ranges_ - - - .. _..______ No trigger reaching TRIGGER
jack J101,

No Gdovior PPl e

PPI filament supply isout__________

Multivibrator V101 inoperative_ - ___

Trigger and video ecables inter-

changed.

Nosweep. Spot appears at center of PPI_| Tnoperative sweep circuits. ... ..

Defective deflection coil assembly._._| Che

Wires between transmitter synchro
and receiver synchro reversed.

Sweep rotates counterclockwise. . ...
SYNCHRO fuse FR03 open_________ Check f

Antenna horn rotates, but sweep on PPI

does not rotate.
Synchro alinement relay K101 stays | Check

closed,

Receiver synchro B101 inoperative. .| Check

174

i

- 4



182. General Troubleshooting Chart—Continued

—

Symptom

Probable trouble

Correction

Sweep and video present, but no range

‘marks.

Sweep visible, but video and range marks
are not visible.
Intensity of PPI presentation is low. ...

Intensity of PPI presentation is very high.
INTENSITY control has no effect.

FOCUS control has no effect on focus_...

SYNCHRO fuse keeps blowing_________
SRRl IS

Different bearing obtained on the same
target when position of RANGE
switch is changed.

Approaching targets disappear too soon
near the center of the PPI.

Center of sweep varies with position of
RANGE switch.
No picture or faint picture on strong

Inoperative range mark circuits

RINGS control defective___________

Video mixing amplifier V109B inop-
erative.

Video circuits inoperative.__________

Defective multivibrator (low ampli-
tude of unblanking pulse).

Improper PPI grid bias

Low second anode voltage

Open INTENSITY control R135____

Short to ground from resistors R132,
R133, or R144.
Heading flash circuit inoperative_ . __

Defective heading flash cam switch
8502 (in antenna).

Defective FOCUS control R138

Open focus coil L.102

Synchro alinement cam (in indicator)
has moved from its correct position.
Low gain in video circuits

Low gain in video eirocuits

Defective video cable

Defective DCR V102B

Defective PPI_ _______

Signal trace through stages V107 and
V108,

Check control with ohmmeter.
place if defective.

Make voltage and resistance check of
this stage.

Make voltage and resistance check of
stages V109 and V110,

Make voltage and resistance check of
one-shot multivibrator V101.

Check crystal diode CR104 and other
parts in the grid cireuits of PPI.

Check PPI power supply (par. 202).

Re-

Check control with ohmmeter. Re-
place if defective.
Check with ohmmeter. Repair if

defective.

Check resistance of R184, R185 and
R186. Check continuity aecross
C141 and C142.

Connect voltmeter between S on
plug P101 and ground. Voltage
should fall to zero when sweep
passes 0° and 180° points. (If
voltmeter does not read at all, test
continuity from indicator to junc-
tion box to receiver-transmitter to
antenna.)

Take resistance reading of RI138.
Replace if defective.

Check resistance across focus coil
L.102. It should be approximately
300 ohms.

Readjust synchro alinement eams
(par. 194).

Check tubes V109 and VI110. If
tubes are ok, make voltage and
resistance checks.

Check tubes V109 and VI110. If
tubes are satisfactory, make voltage
and resistance checks,

Check continuity between VIDEO
OUT jack J201 on receiver chassis
and VIDEO jack J103 in indicator.

Center focus coil (par. 192).

Turn SUPPRESSOR counterclock-
wise. If there is too much clutter,
turn GAIN control counterclock-
wise.

Replace V102.

Replace tube (par. 183).
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182. General Troubleshooting Chart—Continued

Symptom 1 Probuble trouble Correctlon
Sweep line not visible. INTENSITY | Defective PPI. ... _ . ______ Replace tube (par, 183).
control in extreme clockwise position
results in picture with a faint sweep.
Range rings too dim. Sweep and video | Range mark eircuits weak._________ Check tubes V107 and V108 Re
normal. place defective tubes,
PPI presentation not oriented correctly .| Synchro alinement relay K101 in- | Check for 125 vde at terminsl 8 of
operative. TB101. If voltage is not present

check continuity back to fuse F101.
If voltage is present, check cor-
tinuity across cam switches S104
and 8501, and between them.
Synchro alinement cam switch 8104 | Check cam switeh S104 for con-
not closing, or closing at wrong tinuity. Replace if defective. 1
time. 5104 is all right check adjustment
of synchro alinement cams (pa-
194).
Synchro alinement eam switch 8501 | Check continuity between A 8 and
(in antenna) open. A 13 on TB804 on receiver-trans
mitter terminal boards. If opes,
repair cam switch S501,
light and dark | Synchro gears meshing at wrong | Loosen screw holding idler gear and
move idler gear slightly. Cheek

Spoking (pronounced

radial areas) on PPI. point.
other synchro alinement adjus:-
ments (par. 194).
Dirt on synchrogears______________ Clean gears.

Range rings missing on one range; normal | Defective contact on RANGE switch | Check section 1 of RANGE switeh
on other ranges. S101. 8101, Adjust defective contacis.
Misadjustment of or open in one of | Adjust one of range controls (1, 8. 8
or 20 in fig. 153). If trouble doss
not clear, check continuity of
appropriate coil. If open, replace

Z101.

Defective contact on RANGE switeh | Check section 2 of RANGE switeh
tion on all other ranges. S101. S101. Adjust defective contacts.

Range rings bloom over echo returns.... | Defective crystal CR103.__________ Check CR103. Replace if defective.

Sweep is short for all ranges_ ... ______| Defective sweep circuits...____._____ Check der V102B. Signal trace V101

through V104, Use voltage and
resistance checks to determine exsct
part of fault.

Remove plug located between the
two brush holders on the deflection
coil assembly exposing the two slip
rings. Dampen a cloth with Sol-
vent, Dry Cleaning Fluid (SD), and
hold against rings while rotat
the synchro by hand.

tuning coils of Z101.

PPI blank on one range, normal opera-

Abnormal picture in a small sector of PPI_| Receiver synchro slip rings dirty .. ..
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183. Cathode-Ray Tube (PPI)

Transfer the cathode-ray tube from its special
carton directly to the indicator (a through A
below).

6 ANA
—

i =N

—_—
24 fyr>

28 S

20 =w%

27 Q)
B e il

TMI535-=-514
Figure 156. Junction box.
Cautions:
1. Always wear goggles and gloves when han-
dling a cathode-ray tube.

2. Use both hands when lifting the tube.

3. Never lay the tube down on hard surfaces.

4. Do not drop tools on the face of the tube.

a. Place POWER switch S105 in the OFF po-
sition.

b. Remove the 12-pin female socket from the
base of the tube.

¢. Disconnect the PPI high voltage cap from
the cathode-ray tube. Short the lead from high
voltage cap to chassis.

d. Loosen trunnion knobs; tilt the front of the

indicator upward slightly ; then tighten the trun-
nion knob.

Section Ill. REPLACEMENT OF PARTS

¢. Remove the eight machine screws (fig. 207)
from the outer bezel rim. Take out the scale and
cursor assembly.

f. Remove the cathode-ray tube by gently push-
ing at the tube base while another person gently
pulls at the face of the tube.

g. Remove the rubber shock ring from the face
of the tube. Place the defective tube in the car-
ton supplied with the new tube.

h. Reverse the above procedure when inserting
the new cathode-ray tube.

Note. The following precautions should be observed
when installing a new cathode-ray tube:

1. Do not force the tube. If binding occurs, investi-
gate the reasons before continuing.

2. Be sure that the 45° cutaway on the tube neck
yoke is facing toward the upper left corner.

3. Make certain the dial light contact finger engages

the mating contact in the upper right section of
the housing.

184. Deflection and Focus Coils

a. Remove the cathode-ray tube by following the
instructions given in paragraph 183.

b. Remove the eight fillister-head screws which
hold deflection coil L.101 to its mounting plate.

¢. Remove the idler gear holding screw, and, if
necessary to unmesh the deflection coil gear,
loosen the three synchro adjustment screws that
hold the receiver synchro in place.

d. Pull out the deflection and focus coils as a
unit.

e. Disconnect and tag the leads at their coil
terminations.

f. To disconnect deflection coil 1101 from focus

coil I.102, remove the three self-locking hex. nuts
from the rear of the focus coil.

185. Focus Coil

To remove focus coil L.102 independently of
deflection coil 1,101 :

a. Disconnect the cathode ray tube from its
socket (par. 183).

b. Remove the three self-locking hex. nuts from
the rear of the focus coil.

¢. Pull out focus coil.

d. Disconnect and tag leads that terminate at
the focus coil.

Caution: When replacing focus coil, make cer-

tain it does not come into contact with the deflec-
tion coil.
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186. Receiver Synchro

a. To remove receiver synchro B101, remove the
idler gear holding screw (fig. 163),

». Remove the three synchro adjustment screws
(fig. 163).

¢. Disconnect and tag cables.

187. Antenna Drive Motor

a. Remove the four captive bolts on the antenna
pedestal (fig. 4) and remove the drive housing
cover plates.

4. Remove antenna drive motor B502 and the
antenna drive motor mounting plate by removing
the four hex-head bolts.

¢. Unbolt the antenna drive motor from the
antenna motor mounting plate.

d. Disconnect the antenna drive motor leads.

¢. When replacing the antenna drive motor,
reverse the procedure indicated in a through e
above. Connect the antenna drive motor leads
according to the terminations shown in figure 159.

S T epes—m—

Note. Do not use force to engage the antenna drive
motor coupling. If the antenna drive motor is'not prop-
erly alined, it will not seat properly,

188. Transmitter Synchro (in Antenna)

a. Disconnect the cables. Tag each lead for
easy replacement.

b. Remove the three bolts (dogs) (10, fig. 187)
that hold transmitter synchro B501 to its mount-
ing bracket.

¢. Remove transmitter synchro. The coupling
breaks loose without the use of tools.

d. Replace the transmitter synchro by reversing
the above procedure. '

189. Range Ring Assembly

a. Remove the four screws holding the housing
mounting to the bottom of the indicator.

b. Remove the four nuts and bolts holding Z101
to the mounting.

¢. Remove the leads attached to Z101 and label

them. )
d. To replace Z101, reverse the above procedure.

Section IV. ALINEMENT AND ADJUSTMENTS

Caution: High voltages are exposed when the
indicator covers are removed. Be extremely care-
ful not to come in contact with parts or wiring
in the indicator. Use an insulated screwdriver

when making adjustments.

190. General

The alinement and adjustment procedures for
the receiving system are presented in this section.
The alinement. chart (fig. 221) summarizes the
complete radar alinement procedure.

191. Location of Adjustment Controls

a. Sweep length controls R117, R118, R119 and
R120 are located on the upper right side of the
indicator (fig. 152).

b. Range adjustment serews 1, 3, 8 and 20 are
located on the bottom of the indicator (fig. 153).

e. INTENSITY control R1356 is mounted on
the resistor board at the rear of the indicator (fig.
151).

d. Internal focus control R137 is mounted at
the left of the INTENSITY control.

e. Focus coil hex. nuts (3), for sweep centering,
are located around the focus coil.

f- Synchro alinement cam switch S501 is located
in the antenna pedestal (fig. 157).
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¢g. Synchro alinement cam switch S104 is lo-
cated in the indicator (fig. 152).

k. Heading flash cam switch S502 is located in
the antenna pedestal (fig. 157).

192. PPI Adjustments
a. General.

(1) Remove the top cover plate of the indi-
cator and close or place a jumper across
the interlock switch.

(2) Turn on POWER switch S105.

(3) Set ANTENNA MOTOR switch S802
in the receiver-transmitter in the OFF
position,

(4) Set CONTRAST control R160 in the 0
position.

(5) Set SUPPRESSOR control R181 in the
0 position.

(6) Set GAIN control R177 in the 0 position.

(7) Set RANGE switch S101 in the 3
position.

(8) Wait approximately 3 minutes until
transmitter time-delay relay K302 closes.

b. Intensity Adjustment. Turn INTENSITY
control R135 clockwise until the sweep is just

visible.
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Figure 157. Antenna pedestal, front view,

c. Focus Adjustment. Set CONTRAST and
GAIN controls about midway on their respective
scales. If sharp focus cannot be obtained by
rotating FOCUS control between 1 and 5 on its
scale, internal focusing is required. Proceed as
follows:

(1) Set FOCUS control R138 between 3
and 4.

(2) Place indicator POWER switch S105 to
its extreme counterclockwise position.

(3) Move the slider on internal focus control
R137 slighly.

Warning: The sliding arm of this con-
trol is at a 300-volt potential.

(4) Turn indicator POWER switch clock-
wise.

(5) Check the focus. If it is not sharp
enough, repeat procedures in (2), (3),
and (4) above as often as necessary.

(6) Place ANTENNA MOTOR switch S802
in the ON position. : 4

(7) With CENTER EXPAND switch ‘5102
in the OFF position, adjust FOCUS con-
trol R138 until the inner range ring is
sharp and clear.

d. Sweep Centering.

(1) Place CENTER g
in the OFF position,
Set the cursor at 0°-180¢°,

Tilt focu.s coil 1102 by turning the hex.
nn'ts until the beginning of the Sweep
coincides with th

© small circle scribeq at
the center of the cursor,

XPAND switch S109
(2)
(3)

Caution:
ment doe
in contac

Be certain that this adjust-
S not cause the focus coil to come
't with the deflection coil.

e. Sweep Length Adjustiments. The CON-
TRAST control R160 for these adjus

tments must
be set in the 0 position.

(1) Place RANGE switch S101 in the 1
position. Adjust sweep length control 1
(R117) (fig. 152), so two rings are visible
on the PPL. Set the outer ring just
inside the azimuth scale.

(2) Place the RANGE switch in the 3 posi-
tion. Adjust sweep length control 3
(R118) so three rings are visible on the
PPI. Set the outer ring just inside the
azimuth scale.
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Figure 158, Transmitter

(3) Place the RANGE switch in the 8 posi-
tion. Adjust sweep length control 8
(R119) so that four rings are visible on
the PPI. Set the outer ring just inside
the azimuth scale.
Place the RANGE switch in the 20 posi-
tion. Adjust sweep length control 20
(R120) so that four rings are visible on
the PPI. Set the outer rings just inside
the azimuth scale.

Note. After these adjustments have been

made, operate the radar system on each range
while viewing targets. Determine if any re-

adjustments are needed.

(4)

193. Adjustment of Transmitter Synchro

a. Place antenna motor switch S503 in the OFF
position.

b. Disconnect the external leads to terminal 10
and 11 of terminal board T'B501 (fig. 184).

¢. Loosen the three screws that hold the trans-
mitter synchro to the main drive gear mounting
base of the antenna pedestal.

d. Rotate the antenna horn clockwise by turn-
g the synchro coupling disk by hand. Stop the
antenna horn at 180°. This position is indicated
when the blue mark on the synchro coupling disk
matches the blue mark on the main drive gear
mounting base (fig. 158),

188

synchro adjustment.

e. Turn on indicator POWER switch S105.

Warning: Leave the antenna motor switch
(S503) in the OFF position.

f. Place the voltmeter, set on the 250-volts ac
scale, across terminals 10 and 11 of antenna ter-
minal board TB501.

¢. Rotate the transmitter synchro case, by hand,
until the voltmeter reads zero.

h. There are two zero voltage settings. To
make certain you have the correct setting, connect
the voltmeter between terminals 11 and 12 of ter-
minal board TB501. The voltmeter should read
37 volts. If the voltmeter reads approximately
193 volts, rotate the transmitter synchro case 180°.

i, Reconnect the external leads to terminals 10
and 11 of terminal board TB501.

194. Synchro Alinement

Note. Do not adjust synchro alinement cam switches
unless new switches have been installed.

a. Synchro Alinement Cam Switch S501 (in
Antenna).

(1) Place POWER switch S105 in the OFF
position.

(2) Remove the antenna pedestal cover
plates. If possible, do this on a dry day
to prevent excessive moisture from enter-
ing the antenna pedestal.
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Figure 159, Antenna, schematic.

(3) Place antenna motor switch S503 in the
OFF position.

(4) Rotate the antenna horn clockwise by
manually tuning antenna drive motor
B502. Stop the antenna horn at 168°.
This position is indicated by the match-
ing of the orange mark on the side of
the synchro coupling disk with the or-
ange mark on the main drive gear mount-
ing base of the antenna pedestal (fig.
157).

(5) Loosen the two setscrews on the synchro
alinement cam (fig. 157).

(6) Remove the external lead connected to
terminal 8 of terminal board TB501.
Connect an ohmmeter across terminals 8
and 13 of terminal board TB501. In this
position the ohmmeter reads the resis-
tance across the contacts of synchro aline-
ment cam switch S501.

If the meter reads infinity, rotate the cam

in a clockwise direction until the meter
reads zero.

(7)

With the aid of a screwdriver gently
rotite the cam counterclockwise until the
ohmmeter suddenly switches to infinity;
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Figure 160.

this represents the point at which the
switch just opens.

(10) Tighten the two setscrews on the syn-
chro alinement cam and reconnect the
lead to terminal 8 of terminal board

TB501,
AFT FLASH CAM FORWARD FLASH CAM
SET SCREW SET SCREW
)
AFT FLASH CAM —| - For| |*— FORWARD FLASH CAM
R
o Ne—— SYNCHRO ALINEMENT CAM
SYNCHRO ALINEMENT CAM — A {b"/ SET SCREWS

/
% T™ I535-59T

Figure 161. Antenna synchro alinement and heading
Nash cams.

(11) Check the accuracy of the adjustment
by rotating the synchro coupling disk by
hand. At the instant the switch contacts
open, the orange marks must match with-
in=*14, inch.

b. Synchro Alinement Cam Switch S10}.

(1) Stop the antenna horn at 180°, as out-

lined in @ above,
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Adjustment of synchro alinement cam switch 8501,

(2) Place ANTENNA MOTOR switch SS02,
on the convenience panel, in the OFF
position.

(3) Place antenna motor switch S503 (lo-
cated in the antenna) in the ON position.

(4) Turn on the indicator POWER switeh.
A stationary sweep in the aft position of
the PPI should be seen.

(6) Loosen synchro adjustment screws B and
C. Hand-tighten synchro adjustment
screw (A, fig. 163).

(6) Work the receiver synchro toward the
back until the synchro pinion gear is dis-
engaged from the idler gear.
Check the centering of the sweep by spin-
ning the deflection coil by hand. The
sweep should rotate directly behind the
small circles seribed in the center of the
cursor. If it does not, readjust the focus
coil (par. 192d).

With the aid of the Allen wrench held

on the clip at the left of the receiver syn-

chro, loosen the synchro alinement cam
set screw.

Move the synchro alinement cam slightly.

Rotate the idler gear very slowly in &

clockwise direction, until the instant the

synchro alinement cam switch S104 oper-

(7)

(8)

(9)
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ates. This operating point is indicated
by an audible click of the switch.

(10) The sweep must be exactly at 176°. If
it is not, repeat the procedure in (9)
above.

(11) Tighten the synchro alinement cam set-
serew and return the Allen wrench to its
clip holder.

(12) Move the idler gear until the sweep is
at 180°,

(13) Hold the deflection coil in this position
and push the receiver synchro case for-
ward until its pinion gear fully engages
its idler gear. This may cause the sweep
to shift slightly. Correct this by turning
the synchro case slightly until the sweep
is exactly at 180°,

(14) Clamp the receiver synchro in position
by loosening the synchro case setscrew
and tightening the synchro adjustment
SCrews.

195. Picture Bearing Alinement
(fig. 164)

The difference between target bearings obtained
with the radar set and those obtained with the
pelorus is called the bearing error. The set must
be adjusted to make accurate bearing readings.
Proceed as follows:

a. Stop the antenna horn on a stationary target
of known bearing, preferably one dead ahead.
Determine its exact bearing with the pelorus,

b. Select the range position that places the
target close to the outer edge of the PPL

¢. Use the cursor to determine the ewact bearing
error.

Note. Though the radar bearing be incorrect, SI104
still operates at 176°, and the antenna horn and the
PPI sweep are alined at the 180° point (A and D, fig
164).

d. Loosen synchro adjustment screws B and C
and hand-tighten synchro adjustment screw A.
Work the receiver synchro toward the back until
its pinion gear is disengaged from the idler gear.

¢. Rotate the receiver synchro case and thus
move the sweep to the true (pelorus) bearing of
the target.

Note. Because of the 10:1 gearing ratio between the
transmitter and receiver synchros, it i8 necessary to
move the receiver synchro ease 10 times the bearing error.

f. Loosen synchro adjustment screw A and
tighten synchro adjustment screws B and C.
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T

g Remove SYNCHRO fuse FS03 in the con-
venience panel of the receiver-transmitter.

h. With the aid of the Allen wrench held on the
clip at the left of the receiver synchro, loosen the
gynchro alinement cam setserew.

i. Relocate the synchro alinement cam so that
when it is rotated clockwise the sweep will be at
1767 plus or minus the error noted. If a dead
ahead target originally appeared on the PPI at
the 355° point (—5° error), synchro alinement
cam switch S104 should operate at 176° plus 5°
or at the 181° point (B, fig. 164). If a dead ahead
target originally appeared on the PPI at the 3°
point (+5° error), synchro alinement cam switeh
S104 should operate at 176° minus 5° or at the
171° point (E, fig. 164).

7. Replace SYNCHRO fuse F803.

Z. Operate the radar. After the initial rots-
tion, the system should operate smoothly. A jerky
operation indicates misalinement.

/. Note position of heading flashes. They
should be incorrectly placed by the amount the
bearing was corrected (C and F, fig. 164). Cor-
rect heading flashes by following the instructions
given in the following paragraph.

196. Adjustment of Heading Flash Cams

Whenever the antenna cam assembly is dis-
assembled, or if the fore-and-aft flushes on the
PPI are inaccurate, the fore-and aft-headin’g flash
cams must be adjusted. Before adjusting these
cams, make sure the picture bearing is correct.
This is necessary because any adjustment of the
receiver synchro to provide correct target bearings
will shift the fore-and aft-heading flashes by the
same amount. To adjust the heading fHash cams
proceed as follows:

a. Station a man at the indicator and another
at the antenna. Remove the antenna pedestal
covers, and connect handsets to PHONES jacks
J501 and J 104 at the antenna and indicator. Con-
nect a 4.5-volt dry battery in series (fig. 88).

6. Have the man at the indicator place the radar
set in operation and adjust the controls for clear,
sharp heading flashes,

¢. If the heading flashes are inaccurate, the man
at the antenna should inform the man at the in-
dieator of the error and its direction.

d. Stop rotation of the antenna horn by placing
the antenna switch S503 in the OFF position.

e. Loosen the forward flash cam setscrew (fig
161), Shift the forward flash cam in the proper
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direction to compensate for the error, and tighten

f. Place antenna switch S503 in the ON posi-
tion and have the man at the indicator observe the
heading flashes. They should occur at 0°. If
they do not, repeat instructions in b through ¢
above to obtain an accurate forward heading flash.

" g. Loosen the aft flash cam setscrew ; shift the
aft flash cam in the proper direction to compensate
for the error; then tighten the setscrew.

h. Place antenna switch S503 in the ON posi-
tion and have the man at the indicator observe the
heading flashes. If they do not occur at 180°, re-
peat instructions given in g above and this
paragrapi. §

i. Whenever possible, observe targets directly
forward and aft and see that they coincide with
the heading flashes. _

j. Shut off power, set antenna switeh S503 in

the ON position, and replace the antenna pedestal
Covers.

327711 0—55——18
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164. Picture bearing adjustment.
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197. Range Mark Calibration

The four controls (marked 1, 3. 8, and 20 in
figure 153) on range ring assembly Z101 vary the
frequency of range mark oscillator V107 and,
hence, the distance between the range rings on the
PPI. Adjustments are made with Range Cali-
brator TS-102/AP :

and  Oscilloscope
239A /AP as follows:

TS-
a. Connect Range Calibrator TS-102/AP and
Oscilloscope TS-239A /AP to the radar set (fig,

165). Connect indicator ground to ground termi-
nal on oscilloscope.

b. Place the radar set in operation and allow it
to warm up for at least 10 minutes.

Place the
(GAIN control at zero,

¢. On the range calibrator, set the MARKET
POLARITY switch for a negative output, the

SYNC POLARITY switch for a positive output,
and the REPETITION FREQ to 2000.

d. On the oscilloscope, set NORMAL-VERTI.
CAL PLATE switch to VERTICAL PLATE
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Figure 165. Calibration of range marks.

and adjust the oscilloscope (par. 110) so that the
positive range marks and negative 500-yard cali-
bration markers appear with sufficient amplitude.

¢. Place the RANGE switch in position 1 and
adjust the oscilloscope for a stationary pattern
with at least five negative calibration markers
appearing on the scope face.

f. Adjust the PHASE ADJ control on the
range calibrator so that the first positive range
mark just falls off the negative leading edge of
the first 500-yard calibration marker.

g. Turn adjustment 1 so that the positive range
marks all fall together off the sharp negative
leading edge of alternate negative calibration
markers (A, fig. 166).

h. Place the RANGE switch in the 3-mile
position.

. Adjust the oscilloscope controls so that at
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least 13 negative calibration markers appear on
the oscilloscope face.

j. Turn adjustment 3 so that the positive range
marks all fall together off the sharp negative lead-
ing edge of every fourth calibration marker (B,
fig. 166).

k. Place the RANGE switch in the 8-mile
position.

I. Adjust the oscilloscope controls so that at
least 17 negative calibration markers appear on the
oscilloscope face.

m. Turn adjustment 8 so that the positive range
marks all fall together off the sharp negative
leading edge of every eight calibration marker
(C, fig. 166).

n. Place the RANGE switch in the 20-mile

position.
0. Adjust the oscilloscope controls so that at
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range marks all fall together off the sh
tive leading edge of every t o
marker (D), fig. 166). Rl

least 21 negative calibration markers appear on

the oscilloscope face.
p. Turn adjustment 20 so that the positive

Section V. FINAL TESTING

198. General

This final testing section is intended as a guide
for determining whether a repaired synchroniz-
ing and indicating system meets the original spec-

ifications. Entire test procedures for the synchro-

nizing and indicating system are given.
testing chart (fig. 222

The final

summarizes the final test-

ing procedure for the entire radar set.

199. Synchronizing Circuits

a.

d.
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General Check.

(1) Place the radar set in opera tion.

(2) Open SYNCHRO fuse 802 in the re-
ceiver-transmitter. Note that the PPI
sweep stops rotating although the an-

(2) R.otate. the antenna horn counterclock
wise until it reaches the 168° point. Th;
orange mark on the side of the transmir-
ter synchro coupling disk should match
the orange mark on the main drive gear
mounting base within 14, inch.

(3) At the 168°%14° point, the ohmmeter
ts;hould just indicate an open circuit. 1f
it does not, measure the width of the
antenna synchro alinement cam by fol-
lowing the instructions given in (4)
through (7) below.

(4) H;mk up a 115-volt, ac relay and a 100-
ppf capacitor in the cireuit indicated ;i
i ;167. circuit indicated in

(5) Turn on antenna motor switch S503.
The number of degrees the cam is open

tenna horn continues to rotate.

(3) Close SYNCHRO fuse F802. The is indicated by the dark porti
sweep should rotate again and stop at PPI. The cam width should b‘;nb:tn w2,
horn 30° and 36°. 2

180°=*14°. When the antenna
reaches its 168°=%14° position, the PPI
sweep will kick backward, reverse itself,
and continue to rotate smoothly follow-

ing the antenna horn.

. Antenna Horn.

(1) Place the antenna horn at its 180° posi-

(6) If it is not, loosen the screws that hold
the switch mounting plate to synchro
alinement. cam switch S501 and move the
plate backward or forward as necessary.

(7) Tighten the screws. ¥

TBS0I

RELAY

tion.
(2) The blue mark on the side of the trans- ———) To omis
mitter synchro coupling disk should  usv '—_I_ aue
mateh the blue mark on the main drive =
T 1535573

gear mounting base within =352 inch.

T'ransmitter Synchro Zero Point Checle.

(1) Place ANTENNA MOTOR switch S802
in the OFF position.

(2) With the antenna horn set to 180°, re-
move 115 volts power from the antenna

by turning off POWER switeh S105.

(3) Remove the external lead from terminals
10 and 11 of TB501.

(4) Connect the voltmeter across terminals
10 and 11 of TB501.

(5) Reconnect the 115-voltsupply. The read-
ing of the voltmeter should be 0.3 volt.

Antenna Synchro Alinement ('am.

(1) Place the ohmmeter between terminals 8
and 13 of TB5H01.

Figure 167, Determining width of antenna  synchro

alinement cam.,

e. Indicator Synchro Alinement Cam.

(1) When the sweep rotates, the first elick of
indicator synchro alinement cam switch
S104 should oceur at 1769 %149,

(2) If there is a bearing error, the first click
of S104 should occur at 176° minus the
bearing error £14°,

(3) Measure the width of indicator synchro
alinement cam. Observe the sweep when
the switch closes and again when the
switch opens as the cam is rotated
counter-clockwise. The width should be
10° to 20°. If it is not, loosen the lower



_b. Place the CENTER EXPAND sw
ON position. The circle on the PPI
1% inch =14 inch.
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CHAPTER 13
TROUBLESHOOTING IN POWER SYSTEM

Section I. TROUBLESHOOTING PROCEDURES

mine the cause of the blown fuse before replacing
the fuse.
c. Testing Power Supplies.
(1) Read test meter M401 with test meter

Cautions:

1. High voltages are present in all the power
group components and in the power sup-
plies. Be especially careful when work-
ing with the PPI power supply, which
produces 5,000 volts and the modulator
power supply, which produces 3,000
volts.

2. When testing voltage at a terminal of a
terminal board or of a power plug, make
sure that the meter lead does not. short
the terminal under test to another termi-
nal close to it. A short produced this

way may cause a fuse to blow.

201. Reference Data

Description

Fig. No. |

220 - Power distribution diagram.

O Radar Set AN/SPN-11(*) cabling diagram.

69 =C 2 . Low-voltage power supplies, voltage and re-
sistance chart.

15y Dot S Sy Modulator power supply, voltage and resist-
ance chart.

1702 Keep-alive power supply, voltage and resist-
ance chart,

b e PPI power supply, voltage and resistance
chart.

168. . Low-voltage power supplies, tube location.

202. Testing Power System

a. Starting Procedure. Perform the
dures given in the troubleshooting based on start-
ing procedure chart (par. 115). If the chart in-
dicates that trouble lies in the power system, per-
form the instructions given in & through ¢ below
to localize the trouble to one of the power supplies
or to a component in the power group.

b. Fuse T'able. Check all fuses. Refer to the

fuse table (par. 116) for information concerning
Deter-

proce-

rating, purpose, and location of each fuse.
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(2)

(3)

(4)

switch S401 in the MOD. H. V. position.
If it does not read approximately 300
(representing 3,000 volts), the trouble is
in either the modulator ecircuits or the
modulator high-voltage power supply.
Replace modulator tube V305. If the
voltage reading does not improve, discon-
nect resonant charging choke L302 from
the junction of L.301 and R305. If the
reading is still incorrect, the trouble is
definitely in the modulator power supply.
Read test meter M401 with test meter
switch S401 in the +140V position. If
it does not read approximately +140
volts, read the voltage at terminal 10 of
TB401. If this voltage is incorrect, dis-
connect the lead going to cable WS04.
If the voltage is still not + 140 or slightly
higher, the trouble is definitely in the
+ 140-volt power supply.

Read test meter M401 with test meter
switch S401 in the +320V position. If it
does not read approximately +320 volts,
read the voltage at terminal 13 on TB401
and terminal 5 on TB801. If these are
incorrect, disconnect the leads to these
terminals and read the voltage again. 1f
voltage is still not +320V or slightly
higher, the trouble is definitely in the
+ 820-volt power supply.

Read test meter M401 with test meter
switch S401 in the +300V REG. posi-
tion. If it does not read approximately
4300 volts, read the voltage at terminal
8 on TB401 and terminal 4 on TBS01. If
these are incorrect, disconnect the lead
from pin 5 of V404. If the voltage at
this point is not +300 volts or slightly



higher, the trouble is in the +600- +300-
volt power supply. Read the voltage at
terminal 3 of TB801. If it is not +600
volts or slightly higher, the trouble is in
the +600-volt section of the power
supply.

(5) Read test meter M401 with fest meter
switch S401 in the — 300V REG. position.
If it does not read approximately —300
volts, read the voltage at terminal 1 of
TB401 and at terminal 6 on TB801. If
these are incorrect, disconnect the lead
from pin 2 of V407 and read the voltage at
that point. If that voltage is not —300V
or slightly higher, the trouble is definitely
in the — 300-volt supply.

(6) Read the voltage at the keep alive elec-
trode of the TR tube. If the voltage is
not approximately — 900 volts, disconnect
the lead. If the lead voltage is not ap-
proximately — 900 volts, the trouble is in
the keep-alive power supply.

(7) Read the voltage at the H. V. TEST jack
in the indicator. If it is not approxi-
mately 50 (representing 5,000 volts), dis-
connect the high-voltage cap from the
PPI and read the voltage at the H. V.,
TEST jack again. If it is not approxi-
mately 50, the PPI power supply is
faulty.

d. Testing Power Group Components.

(1) Read test meter M401 with test meter
switch S401 in the 115V AC position. If
the test meter does not read 115 volts, try
to adjust the voltage with R412. If the
test meter still cannot be made to read
115 volts, check fuse F402. If the fuse is
not open, check the voltage on the voltage
regulator. If the voltage regulator isin-
correct, check the line voltage applied to
the switch box. If this is correct, the
trouble is in the power group.

(2) Check F804. If it is satisfactory, read
the voltage across 8 and 9 of TB601. If
the voltage across these points is not 115

volts, the motor generator is not produc-
ing ac.

(3) Check the voltage between 1 and 15 of
TB601. If line voltage is read, the

starter is operating properly. The
trouble is probably in the motor gener-

ator. If the line voltage cannot be read,
the starter is probably defective.

(4) Read the voltage between 14 and 12 of
TB601, and then between L2+ and A1L1.

If line voltage is read between these
points, the trouble is in the motor starter.
If voltage cannot be read between
these points, the switch box is probably
defective.

e. Cable Continuity Check. Use the power dis-
tribution diagram (fig. 220), the cabling diagram
(fig. 219), and the antenna schematic (fig. 159)
to check for continuity of cables whenever voltage
is read in one component and not in another to
which the cable is connected.

203. Use of Terminal Boards

Many terminal boards are provided for use in
testing continuity between components and be-
tween different parts of the receiver-transmitter.
Terminal board TB601 on top of the motor gen-
erator is used as an interconnection point among
the components in the power group and between
the motor generator and the receiver-transmitter.
At the bottom of the receiver-transmitter are
three terminal boards (TB801, TB803, TBS04).
(TBB02 does not have power system test points.)
Here can be found test points for practically
every circuit that involves more than one compo-
nent. Another terminal board (TB401) on the
receiver-transmitter serves as an interconnection
point for all voltages feeding the receiver chassis.
In addition, there are terminal boards in the an-
tenna (TB501), in the indicator (TB101), and in
the junction box (TB701 and TB702). The tables
below show the voltages that should be read be-
tween various points on the terminal boards, and
what these voltages represent.
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a. Motor Generalor (TB601).

Terminals

Voltage

Description

1 and 7 (also 10,
14, 15).

4 (also 6) and 7
(also 10, 14,
15).

5 and 4 (also 6) .

Line voltage (24,
32, or 115
volts de).

Line voltage (24,
34, or 115
volts de).

Varies with set-
ting of R601,
115 volts ac__ ...

Voltage applied to
series field.

Voltage applied to
shunt field; to
B801; and to
R601 in series
with de winding,

Voltage across
R601.

Motor generator
output voltage.

b. Receiver-Transmitler.
(1) Terminal Board TBS80I.

'erminals Voltage Deseription
SVl e B |l e ot Sl sl Receiver gain.
R s S e e S e s e Receiver sto.

i, e iy S e +600v de. .. B+ plate supply.
demndilss i o +300v de. .- B+ plate supply.
T4 Ts Uy e e | +320vde_ . .. B+ plate supply.
(011 Ts by e e —300v de___._. Grid bias supply.
gand9s_ . 115v, 400 ¢ps. . .| Input to J105,
T101, and T102.
10and:0 - s —ise 115v, 400 cps. - .| Input to R1 and
R2 of B101.
Vi G S G P e et R SR Output of S1 and

83 of B501.

(2) Terminal Board TB803.

Terminals

Voltage

Deseription

MG1 and MG2___

MG3 and MG5___

MG3 and MG6___

MG6 and MG7___

MG8 and MGY
(Fused).

MGS and MG10__

Ship's line volt-
age.

Ship’s line volt-
age.

Ship's line volt-
age.

Ship's line volt-
age.
115v, 400 ecps._ . .

115v, 400 cps_ . .

Input to B502.

Input to S504,
HR501 and
HR502, and
motor starter or
contactor.

Input to motor gen-
erator shunt wind-
ing, to de winding
through R601,
and to B8O0I1.

Input to B801 in
de installation,

Motor geneérator
output for all units
of the radar set.

Motor generator out-
put for all units
of the radar set.

(3) Terminal Board TB80j.
Terminals Voltage Description
A4 and A5____.._| Ship’s line volt- | Input to B502.

age.
Ship’s line volt-

A6 and A7_______ Input to HR501,
SEE. HR502, and
8504.
Al12 and A13_____ 115v, 400 cps_. .| Input to Rl and
R2 of B501,
(4) Terminal Board TB40I.
Terminals Voltage Deseription
1(also2) and 11_.| —300 v________ Afe bias and reflec-
tor voltage.
3 (also4,5)and 7.| 115 vac._______ To receiver fila-
ment transformer
T201.
8 (also 9 and 11)_| 4300 v________ B+ for V203 and
V2186.
10'and; 11 - ___"|la==144) S u Receiver B+,
12 (also 13 and | +320v________ Ste B+-.
11).
b I P e Ste line.
162 - Ledd 0 ot e e GAIN line.
¢. Antenna (TBSO01).
Terminals Voltage Description
T (also: 4y . 5 e e S . Continuity to an-
tennadrive motor
windings when
5503 is ON,

D e s A e e A PHONES.

T (also 4) and 5..| Linevoltage (24, | Across antenna
32, ‘or ‘115 drive motor,
volts de).

6and 7_.___._.__| Linevoltage (24, | Across heaters and
42, .or 1Th thermostat.
volts de).

Band 18 L Continuity | Synchro alinement.
(when S501 is
closed).

g and S — = Open (when | Heading flash.
8502 is open).

10:and 1o Lo 0 volt (antenna | Across S1 and 83
horn at 180°), of transmitter

synchro.

11and 12._______| 37 volts (an- | Across S1 and R2
tenna horn at of transmitter
180°). synchro.

12and 13________ 115 volts ac..___| Voltage across Rl

and R2 of trans-
mitter synchro.
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d. Indiactor Power Plug P101.

Terminals Voltage Description
______ GAIN line,

T e PHONES,

T s +300v. | B+.

Band . ... =300 Vozoa-- Bias,

aadIt e o +320v_..___..| B+,
H and 2 | B b A T Input to trans-
i ' former recepta-
cles and relay
K101.
ac__..____| Voltage to receiver

e (i a;:ihro B101.

KandL ... .. Continuity
fw h e n
POWER
switch S105
on).

D L tmm e i = SUPPRESSOR.

Noand Ioos RO B, :

S I SART T . 1 Continuity to | Synchro alinement.

' 83 (if K101 is
de-energized).

Pom=coconn 0 Continuity to | Synchro alinement.
81 (if K101 is ’
de-energized).

: TARES Y e Continuity to | Synchro alinement.
K101 (if S104
is operated).

Sandl ___.. ___ Continuity | Heading fiash.
(when 8502 is
operated).

(1) Terminal Board TB701,
Terminals Voltage Description
s e el [ GAIN line,
st om0 L SUPPRESSOR
line,

Bandilic . . +600v. ... B+.

L G G O R 4+300v._.___._.__| B4,

B A =300V e e Bias.

A S SR 4320 v. - ______ B+.

Beand g L | By a0.. .- -| Ac input. .

Qand10.__ ... _ 115 v ac.__..._.| Acinput to receiver

synchro B101.

3 B e R Continuity to | Synchro alinement.
81 (if K101 is
de-energized).

b e R Continuity to | Synchro alinement,
83 (if K101 is
de-energized).

N e Continuity to | Synchro alinement.
K101 (if 8104
is closed).

AT T by e Continuity | Heading flash.
(when 8502 is
closed).

(2) Terminal Board TBr02.

—_—

—_—
Terminals Voltage \ Deseription
—_— —
—— SR
15 and 16

________ |I(‘.onlinuit_v
(w h e n
POWER
switch 8105 is |
ON).

PHONES,

—— ]

204. Testing Power Group

The following procedures are used to test for
grounds, open, and short circuits in the power
group. Although the techniques discussed are in
reference to the motor generators, they may be ap-
plied to the motor starters and

voltage regulators,
a. Preliminary Test Procedure.

(1) Place the operating handle of the switeh
box in the off position.

(2) Remove the motor
cover (fig. 202),

(3) Remove the cover
TB601.

(4) Remove the brushes from their brush
holders. Do not remove pigtail leads.
b. Testing Field Windings for Grounds.
(1) Touch one test prod of Multimeter TS-
352/U to the motor generator frame.
(2) Touch the other test prod to the brush-
holder terminal.
If a reading is obtained on the meter, a
ground is present.
Inspect the leads.

If the ground is in a lead, tape the defec-
tive section with several layers of rubber

tape and then with two layers of friction
tape.

generator brush access

to terminal board

(3)

(4)
(5)

(6)

If the ground is in the winding itself and
cannot be easily located, install a new
field winding assembly.
c. Testing Field Windings for O pen Circuits.
(1) Touch one test prod to each brush-holder
terminal.
(2)

If no reading is obtained, the winding is
open.
(3) Inspect the external leads and wiring,

and repair any defective point which is
discovered.

(4)

If the open is in the winding itself and

cannot be easily located, install a new field
winding assembly.
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d. Testing Field Winding for Short Circuits.
(1) Inspect the external leads and field wind-
ings for signs of overheating or burned
insulation.

(2) If the defective point is in an external
lead, repair with rubber and friction tape.

(8) If the defective point is in the field

winding and is accessible, use a high heat-
resistant varnish or shellac to repair the
defective insulation. Apply a coat of
fungicide over the varnish or shellac.

(4) If the short cirenit cannot be located, re-

place it with a new field winding
assembly.

Note. During operation, a humming noise in
the winding is an indication of a short circuit.
However, this test is inconclusive and should be
used only as a preliminary test.

e. Testing Motor Armature Windings for Open
Circuits.

(1) Touch one test prod to one of the com-
mutator bars.

(2) Touch the other test prod to each of the
commutator bars in turn.

(83) A reading should be obtained with the
test prod on any bar. If no reading is
obtained in any position of the test prod,
an open is indicated.

(4) Repeat the procedure in (1), (2), and

T R —

(3) above; use each commutator bar as
a reference point in (1) above,

(5) If an open is indicated, replace the arma-
ture assembly.

f. Testing Motor Armatu ndin
Glrounds. 23 WMﬂgs 5

(1) Touch one test prod to the frame of the
motor generator.

(2) Touch the other test prod to each of the
other commutator bars in turn.

(3) If a reading is obtained, either the arma-
ture winding or the commutator bar is
grounded.

(4) If a ground is indicated, replace with a
new armature assembly.

g. Testing Motor Armature Windings for Short
Circuits.

(1) Inspect the armature windings for signs
of overheating or burned insulation. If
many turns in one coil are short circuited.
that coil will run hotter than other coils
that are in good condition.

(2) Perform the procedure in f above, if the
procedure in (1) above fails to indicate
the defective point. Grounds at two
points in the winding could short-cirenit
the intervening portion, and winding will
test grounded.

(3) If ashort circuit is indicated, replace the
armature assembly.

Section Il. POWER SYSTEM TROUBLESHOOTING CHARTS

205. General

a. Whenever a power system failure is sus-
pected, check all fuses. See the fuse table (par.
116). .

b. The power system is tied in with all the other
systems of the radar set. Often a power supply
part breaks down because of a short in one of the
systems to which the voltage from this power sup-
ply is fed. Therefore, in addition to troubleshoot-
ing the power supply at fault, be sure to check for
shorts in all the systems and all the cables to which
the power supply voltage is fed. Use the power
distribution diagram (fig. 220), the cabling dia-
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gram (fig. 219), and the appropriate schematics
(figs. 212, 213, 214, and 159) in this check.

e. The troubleshooting charts do not give all
possible symptoms. For the symptoms listed, the
charts merely guide you to the probable cause of
trouble. To be sure that a part is at fault, take
voltage and resistance readings and compare them
with those given in the voltage and resistance
charts (figs. 169-172).

d. Power and filament transformers often go
bad. To help determine if any of the transform-
ers are faulty, the following chart of resistance
readings for the power and filament transformers
is provided.
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Transformers Terminals Resistance readings Transformers Terminals Resistance readings
. __| Less than 1 ohm. T201 receiving system | 1 and 2___ _| 3 ohms.
T401 power fupplies ; :::?1 i- A _| Less than 1 ohm. filament transformer. 3and 4__ _ _| Less than 1 ohm.
R 5 and 6__ _. .| Less than 1 ohm. S5and 6___ | Less than 1 ohm.
7 and 8 3 to 4 ohms. T101 PPI power supply | On Kenyon
7 :lt:d 9_ B 10 ohms. power transformer. trans-
7 and 10__ _| 15 ohms. 1 :gan;er_ o
; ang .:;-_“ :g :::x: 3and 4__ __ 13,500 Ohms‘h
an Lo 8. -
powe lies fil- | 1 and 2____| 3 to 4 ohms. ?);ngh?c}%;- Less than 1 ohm
- erm;‘:f?rmer 3 and 4__ __| Less than 1 ohm. L Chivedy
i . 5 and 6___ .| Less than 1 ohm, e
7 and 8__ __| Less than 1 ohm. i g e
T301 mod s B 3 and 4: Less than 1 ohm.
1and 2___.| 1 ohm. Lo o
.ll 2 ;l:::: ‘:“wer S 0:'“' T102 indicator filament ?:ﬁg 2. ___| 3to 4 ohms.
orme 1 1
. i ik 1 zh:r:l transformer. 3and 4. __ | Less than 1 ohm,
lanc; 5 | = o0 ons 4 and 5| Less than 1 ohm.
6and 7----| &, 3.
7 and 8____| 2,000 ochms.
nodula 1 ohm.
T303 modulator power | 1 and 2. . ——=
supply filament trans- | 3 and 4| Less than 1 ohm.
former 5and 6. ___| Less than 1 ohm.
g 3 7 and 8___ _| Less than 1 ohm.
9 and 10__ _| Less than 1 ohm.
11 and 12___| Less than 1 ohm.
206. Power Supplies, Troubleshooting Chart
Symptom Probable trouble Correction

No reading of test meter at MOD. H. V.

position of test meter switch.

HIGH VOLTAGE switch 8301 in
OFF position.

No reading of test meter at +140 V.

position of test meter switch.

Interlock switch 8302 open_ ________
Fuse F301, F302 or F401 open

Defective modulator power supply___

Time delay circuit inoperative

+ 320 volt supply inoperative
Shorted line filter Z302

Defective modulator in transmitting
system.

Fuse F401 or F402 open

Inoperative rectifier V401 \,

Defective transformer T401 or T402_‘

Place in ON position.

Close.

Check fuses F301 and F401. De-
termine cause of fuse opening
before replacing.

Check tubes V303 and V304. Check
resistances of T301. If filaments
do not light, check continuity across
11 and 12 of T303.

Check continuity across K301 coil
and contacts, Make voltages and
resistance check of V301,

Refer to this abnormality below.

Make continuity check., Replace if
defective.

Check modulator,

Check fuses F401 and F402. De-

termine cause of trouble before
replacing.

Check tube
parts.
Check resistances of coils in T401

and T402. Replace transformers
if defective.

V401 and associated
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206. Power Supplies, Troubleshooting Chart—Continved

Symptom

Probable trouble

Correction

No reading of test meter at +320 V.
position of test meter switch.

No reading of test meter at +300 V.
REG. position of the test meter switch.

No reading of test meter at —300 V.
REG. position of test meter switch.

No reading of test meter at 115 V. position
of test meter switch.

Reading at H, V. TEST jack J102 not
50 v (representing 5 kv).

No reading on test meter at any test

meter switch position.
Low reading on test meter at all positions

of test meter switeh,

Fuse F401 or F402 open_.___._..____

Inoperative rectifier V402_ __ _______

Defective transformer T401 or T402._

Fuse F401 or F402 open_. ... ___.___

Inoperative rectifier V403 or voltage
regulators V404 and V405,

Defective transformer T401 or T402_

TFuse F401 or F402 open.. .. .. ..___

Inoperative rectifier V406 or voltage
regulators V407 and V408.
Defective transformer T401 or T402.

Improper adjustment of R412 (fig.
173).

Fuse F402 open. - cc e e ccccmracu=a

Defective rectifier CR401.__________

Interlock switeh 8103 open. _ . __.
Fuke FI02:0pen. . coc oo o S n N

Inoperative rectifier V106_ . ________
Defective transformer T101___ . ___ .
Defective test meter- . .. . __ ... ..

Poor electrical connection to test
meter.

Check fuses F401 and F402. De-
termine cause of trouble before
replacing.

Check tube V402 and associated
parts.

Check resistances of coils in T401
and T402, Replace transformers
if defective.

Check fuses F401 and F402. De-
termine cause of trouble before
replacing.

Check for 4600 V at 3 of TBS01.
If present, V402 is all right. Check
V404, V405, and associated parm
If 4600 V are not present at this
point, check V403 and associated
parts.

Check resistance of T401 and T402
windings. Replace transformers if
defective.

Check fuse F401 and F402. De-
termine cause of trouble before
replacing.

Check tubes V406, V407, V408, and
associated parts. '

Check resistance of T401 and T402
windings. Replace transformer if
defective.

Adjust R412 to make test meter read
115 V.

Check fuse F402. Determine cause
of opening before replacing.

Check CR401 with crystal rectifier
test set.

Close.

Check fuse F102. Determine cause
of opening before replacing.

Check tube V102 and associated
parts.

Check resistances of T101 windings.
Replace transformer if defective.

Replace test meter.

Check test meter switch rotor for dirt
and corrosion. Check test meter
connections for looseness. Clean
or tighten connections as required.
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T™ 1535-599
, tube location

REGULATOR REGULATOR|
VRISO

i )

-4
c4ol_ —c_aoz__ca.nc__c!u?_

Laol
L402
L40s
L406

F{mw'e 168.  Low-voltage power supplies




REGULATOR
V405
VRISO

150V NC

NOTES

REGULATOR
V404
VRISO
NG NC
150V
NC — !
T () 2 i 10K
" 3
o T, T T e — =
290V s
BK sl

I. VOLTAGES AND RESISTANCES MEASURED TO GROUND
UNLESS OTHERWISE NOTED, USE VOLTMETER WITH

20,000 OHMS-PER-VOLT SENSITIVITY.

2. ALL RESISTANCES MEASURED IN OHMS WITH POWER

REMOVED FROM EQUIPMENT.

3. ¥ INDICATES AC READINGS TAKEN ACROSS TUBE FiL-

AMENTS.
4. NC INDICATES NO CONNECTION.

REGULATOR
v408
VRISO

Figure 169,

REGULATOR
vaor
VRISO

RECTIFIER
V403
S5R46Y

RECTIFIER
vao02
SR4GY
HEVAC, 340V
70K —NC
*
NC 5VAC,340V
I 4 0 2 l TOK
420VAC L] 3
NS
NC 420 VAC
7]
RECTIFIER
V40!
SRaGY
#5VAC,I55V
-]
NC
2I0VAC
T
NC-

RECTIFIER
V406
5R4GY

NC

Low-voltage power supplies, voltage and resistance chart,
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RECTIFIER
V410
vz
¥ 5VAC,0
0
% 5VAC, O
0 o
a 56
NC 3 7
2 8
|9
NC
-430V
NC (o]

NC

NC

NC

NOTES

NC

NC

NC

RECTIFIER
V409
Ve
—-930V o
4 MEG N
[o) NC
9 |
8 2
T 3 NC
6 5 4 *
Q .5VAC,-530V

%*.5VAC,-530

00

| VOLTAGES AND RESISTANCES MEASURED TO GROUND UNLESS OTHERWISE NOTED.
USE VOLTMETER WITH 20,000 OHMS-PER-VOLT SENSITIVITY.

2

3 % INDICATES AC READINGS TAKEN ACROSS TUBE FILAMENTS.

4 NC INDICATES NO CONNECTION.

ALL RESISTANCES MEASURED IN OHMS WITH POWER REMOVED FROM EQUIPMENT

T™ 1535-159
Figure 170. Keep-alive power su pply, voltage and resistance chart.
TIME DELAY
V301
6SNT
1I00V TO 60V 340V
S MEG TOK
HEAVAC,I20V
e 4 azZK
3 L)
e Q 7,
g 4zK
Ne HEAV AC,I20V
a4z K
RECTIFIER RECTIFIER
V304 v303
80I3A BOI3A
* 3KVAC 13KV AC
2K 2K
%24VAC ®24VAC %24V AC %24V ac
126KV g, 126KV $26KV 126KV
2 MEG () 2MEG Z MEG ‘ I A 2 MEG
Ne 3 % NC NC W' NC
g
NOTES:

pasun

Figure 171.

VOLTAGES AND RESISTANCES MEASURED TO GROUND UNLESS OTHERWISE NOTED.
USE VOLTMETER WITH 20,000 OHMS-PER-VOLT SENSITIVITY.

ALL RESISTANCES MEASURED IN OHMS WITH POWER REMOVED FROM EQUIPMENT
¥ INDICATES AC READINGS TAKEN ACROSS TUBE FILAMENTS.

NC INDICATES NO CONNECTION.
T METER CAUSES VOLTAGE DROP. AT 60V NEON TUBE. V302 IS EXTINGUISHED.
* INDICATES[HIGH VOLTAGE] SWITCH S301 IN [ON] POSITION

Modulator power supply, voltage and resistance chart.

T™ 1535-600
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#25VAC,TKV

H25VACTKV
7 MEG
WARNING

RECTIFIER
VIO8
2x2a
4700 V AC
160 K

DANGEROUS VOLTAGES EXIST ACROSS
TUBE VIO6, USE METER ON 250V SCALE
READ APPROXIMATELY S0V AT

NOTES:

USE VOLTMETER

[OFF] PosiTION,

. VOLTAGES AND R
YOLTASES AND RESISTANCES MEASURED

OTHERWISE NOTED.
WITH 20,000 OHMS-PER-

VOLT SENSITIVITY.

2 ALL RESISTANCE
WITH POWER neugvg‘w“wm

3. X INDICATES AC READINGS TAKEN ACROS:
NC TUBE FILAMENTS, 3

4. NC INDICATES NO CONNECTION.
5. SWITCH SIOI armum.: RANGE,

NC 6. SWITCH 5202 IN

JACK JI02
TM 1535-601
Figure 172. PPI power supply, voltage and resistance chart.
207. Power Group Troubleshooting Chart
Probable trouble Correction

Bymptom

Motor generator fails to start when
POWER switch is turned ON,

Thermal overload operates or main line
fuse blows each time POWER switch
is turned on.

Motor generator starts but does not
reach full speed.

208

Switeh box fuse F601 or F602 open_ _

Motor starter thermal overload
switch open.
Motor starter inoperati \re ___________

Loose connections in switch box or
motor starter.

Motor generator bearing frozen_____

Motor generator armature jammed_ _

Motor generator brush not making
contact with commutator,

Defective POWER switch S105_ _ ___

Open circuit to motor starter sole-
noid.

Open starting resistors R603 or R604
in motor starter.

Motor starter timing incorreet. _ _ ___

Defective motor field. . . . . _________

Overload_ ____ 9 e el B B |
Ship’s line voltage low. ... _________

Motor brushes improperly located
ahead of neutral.
Motor starter accelerating contacts

do not close.

Ship’s line voltage too high. ________

Check fuses F601 and F602. Deter-
mine cause of blowing before re-
placing. If fuses are all right, check
fuse clips. Clean and bend as
necessary.,

Press RESET on motor starter.

Make continuity checks in motor
starter. Replace defective part.
Check for dirt in motor starter mech-

anism.
Check and tighten all connections.

Replace bearing and recondition shaft.

Remove obstruction.

Check for weak (par. 217) or broken
brush tension spring. Repair or
replace defective spring.

Repair 5105.

Check continuity of cables.

Make a continvity check of starting
resistors. Replace defective resis-
tor.

Readjust mechanical timer for a delay
of 3 to 4 seconds.

Check motor field for open ecireuit
(par. 204). Replace defective fisld.

Check for short in all units.

Using a de voltmeter, check ship’s
line voltage at input terminals of
switch box.

Check to see that locating point on
brush assembly is lined up with
point on motor end bell.

Accelerating contacts dirty or pitted
and require cleaning (par. 218).

Torsion spring defective. Replace
spring.

Use de voltmeter to check ship’s line
voltage at input terminals of switch
box,



jbleshooting Chart—Continued

Probabls trouble Correction

‘meter

===

erator and
Short cireuit in armature

Defective motor field. - - - - __ Check for ground or open in motor

field (par. 204).
Motor brushes located behind neu- | Check to see that loeating point on
tral,

brush assembly is lined up with
point on motor end bell,

Motor generator ac field winding de- | Check for open or short eireuit in ac

pongs winding (par. 204).
Misadj .I ment of R601 in voltage | Readjust for 115-voltmeter reading.
mgu]&tol‘.

Defeotive ac field winding. . ___ Check for short cireuit in ac winding

(par. 204).
Misadjustment of R601 in voltage Readjust for 115-voltmeter reading.
regulator.

1 ba dition=o——2 Clean commutator (par. 215) and re-

Cotaniuwafor i bad condit seat brushes (par. 216). Check
height of mica insulation between
commutator segments and undercut
if necessary.

Check to see that brushes ride freely
in brush holders.

Repair or replace brush spring and

adjust brush spring pressure (par.
217).

Excessive vibration_ .. __________

Broken or weak brush tension spring_

Nios oo SROFl- - seve e s aancn Replace brushes (par. 211).
lsahr:rt or open circuit in motor arma- | Check commutator for metallie parti-
ture.

cles between segments. Check for
short or open in armature winding

(par. 204). Repair or replace de-
fective armature.
Poor brush fit on commutator.______ Reseat brushes (par. 2186).

Brushes stick in brush holders Remove and clean brushes. Sand

down sides of brushes.

Grounded, open, or shorted field | Check field winding for grounds,

inding, opens, or shorts (par. 204). Repair
or replace defective field.
Defective filter capacitor on brush | Check filter capacitors and replace if

.‘sembly- dﬁfective.
Wrong type of brushes..___________ Substitute correct type of brush,
High mica between commutator seg- | Undereut miea.

ments.

Incorrect brush spring pressure

______ Check and adjust brush

Spring pres-
sure (par. 217). ¢y
Brush spring pressure low on one | Check and adjust brush spring pres-
bmh-eed e y & sure (par. 217).
Unbalanced cire n armature_____ heck for high-resistan
| Short efrouit in feld windings. . . Check field S e

windings for short eireuit
(par. 204),
Poor ventilation

""""""""""" Check air Space around motor gen-

clear any obstructions,
........... Check commutator for me

tallic par-
ticles between segments. Check for
short circunit j

(e 260 n armature winding
T. :
Poor ventilation__......_______ Check air space around motor gen-

) - erator and clear
Armature striking pole pieces any obstructions.

_______ Check bearings for excessive wear
ve
and replace, ‘



207. Power Group Troubleshooting Chart—Continued

Symptom |

Commutator overheats.__.

Noisy motor generator operation

causes rf

Motor generator operation
interference.

Motor starter solenoid core and operating
rod do not operate.

No voltage applied to motor generator,
antenna drive motor, and blower.

Motor starter operating coil overheats _.

Voltage is unsteady._ .. - - - - o ceoea-

| Thermal overload switch

Probable trouble

Correction

Excessive sparking at brushes. . _____
Excessive spring pressure on brushes._

Poor ventilation. - _____.__ o . ..

Loose mountings or parts.__________

Defective filter capacitor on brush
assembly.
Excessive sparking at brushes. ____ ..

sround in armature or field winding.

L.oose connections. _ .. _ . ___...

Dirty commutator. . oo . 22

No power input to operating coil
L602.

Foreign object in mechanism pre-
vents operation.

Motor starter accelerating contacts
badly burned.

Motor starter resistors R603 and
R604 open.

S602 is

open.
Loose connections. _ __ =
Open cireuit in operating coil L602

Cutout switeh not operating properly.

Dirty or pitted contacts. ... _.

See above checks.

Check and adjust brush spring
pressure,

Check air space around motor gen-
erator and clear any obstructions.

Check alinement of brush-asse:
location point with point on motor
end bell.

Check bearings for excessive wear.
Check for loose armature or field
winding. Replace bearing or
tighten winding.

Check mountings and tighten all
bolts, screws, and conneections,

Check filter capacitors and replace
defective capacitor. i

See above checks for commutator
overheating. B

Check for ground in armature or field
winding (par. 204), by

Check and tighten all connections.

Clean commutator (par. 215).

Check wiring and connections (fig-
76). Check fuses F601 and F602
in switchbox. Check operation of
POWER switch (S105) in indicator.
If defective, replace. 5=

Remove obstruction.

Check blowout coil L601. Clean con-
tacts (par. 218).

Check starting resistors for continuity
with an ohmmeter,

Press RESET button,

Tighten all connections.

Check operating coil for continuity
with an ohmmeter. If defective,
replace (par. 241a). '

Check operation of cutout switch and
clevis (7, fig. 196). '

Check and clean contacts (par, 218).

Section Ill. REPLACEMENT OF PARTS

b. The keep-alive power supply parts are

208. Low-Voltage Power Supply Parts

a. The parts of the modulator power supply and
the low-voltage power supplies are all mounted on
the hinged panel of the receiver-transmitter (fig.
173). Transformer T303 can be replaced by re-
imoving the four nuts located at the rear of the
hinged panel. Transformers T301, T401, and
T402 are fastened to the front of the hinged panel
by machine serews which can be removed.

210

mounted on a bakelite chassis at the rear of the
hinged panel. Remove the four secrews that hold
the bakelite chassis and tip the chassis forward.
Be careful not to damage the wiring beneath the
chassis.

c. The PPI power supply parts are located on
a subchassis of the indicator, Transformer T101
is easily removed by removing the four screws
that hold it to the subchassis.
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Figure 173. Hinged panel, rear view showing power supply parts.
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4. When removing any of the above transform-
ers. always unsolder and label the leads attached

to the transformer terminals.

209. Switch Box

4. Clamps H615 and H616 (fig. 174 and 175)
may be removed from the switch box in the f‘o]-
io“:in;: manner. Loosen the two screws on the line

CLAMPB [HBIB)
AND NUT

CLAMP | HBIS)
AND NUT

T™ 1535326

Figure 174 Switch Box BA-284/8FPN-11.

CLAMP (HBIG] -_ i
AND Nut - = ol

CLAMP { HE15)
AND NUT

™ 1535-527

Figure 175, Switch Box SA-283/8PN-I1.

side of each fuse and disconnect the leads of cable
W712. Loosen the screw on elamp H616 and re-
move cable W712 from the clamp. Remove the
nut on clamp H616. Lift the nut and clamp H616
from the switch box. Repeat the above procedure

212

-

at the load side of each fuse to remove cable W710
and clamp H615,

b. The fuses supplied with the switch box are
of the renewable link type. To renew a fuse link,
first remove the fuse cartridge from the fuse clips
in the switch box. Unscrew the brass ferrules
from both ends of the cartridge. Do not misplace
the slotted washer. Take a new fuse link and pass
it through the large opening of the cartridge until
it protrudes slightly from the slot on the other end.
Bend the link flat and screw the ferrule down
tight. Then pass the slot of the slotted washer
over the free end of the fuse link and bend the
link flat. Screw on the other ferrule tightly.
Then replace the fuse cartridge in the fuse clips
on the switch box.

210. Motor Starter Parts
a. (feneral. Motor Starter SA-287/SPN-11,
which is used with a ship’s supply of 115 volts de,
is illustrated in figure 197. Motor Starters SA-
286/SPN-11 and SA-285/SPN-11 are used for a
ship’s supply of 32 volts and 24 volts, respectively.
They are similar in appearance and they are
shown in figure 196. In the discussion below,
whenever a part is called out by number, refer
to one of these figures to find it.
b. Heater Element for Thermal Overload.
(1) Remove the two heater mounting screws
(16).
(2) Lift out the heater (17).
(3) Insert the new heater, replace the screws,
and tighten them.
Caution: When replacing the heater,
be sure that the replacement heater is of
the correct type.

c. Thermal Overload.
(1) Disconnect the three leads from the ther-
mal overload (18).
(2) Remove the thermal overload mounting
serew located at the bottom of the unit
below terminal 3 (fig. 200).
(3) Remove the thermal overload.
(4) Replace the therma! overload with a new
unit.
(5) Reassemble and reconnect the thermal
overload as before.
d. Operating ('oil Shunt Resistor (40).
(1) Remove terminal screw 2 (4) and remove
the solder lug at the end of the resistor
lead.
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Figure 176. Motor Starter NA-286/8PN-11. rear view.

(2) Remove the screw that holds the solder (5) Solder these lugs to the lead of the new
IEESY the other and of the resistor to the resistor after first mstalling ¢ ubing on the

' leads.
motor starter base, (6) Reassemble all

parts in reverse order of
diszm‘smnb]y.

(3) Remove the resistor. :
. Caution: Be sure that the resistor used
(4) Unsolder the lugs from the resistor

a8 a replacement is of the correct value
fends. for the equipment used.
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. Voltage Dropping Resistors R603 and R60)
far Mofor Starters SA-285/SPN-11 and SA-286/
SPN-11 (fig. 176).

(1) Disconnect the three resistor leads from
the FLD terminal and from the two sta-
tionary accelerating contact terminals,
and pull them out through the base of
the motor starter.

(2) Remove the solderless connector.

(3) Loosen the nut at one end of the tie rod
and slide the resistor out of the resistor
mounting bracket.

(4) Remove all nuts and washers from one
end of the tie rod and slide the resistor
off the tie rod.

(5) Replace the resistor.

(6) Reassemble all washers and nuts in ex-
actly the same order as they were orig-
inally.

(7) Slide the resistor into the slots on the re-
sistor mounting bracket.

VOLTAGE
DROPPING

(8) Reassemble all parts in the mﬁﬁ&
of disassembly.

(9) Push the Ieads through holes qh &e
motor starter base and reconnect them &
S hem

f. Voltage Dropping Resistors R603 and R604
for Motor Starter SA-287/SPN-11 (fig. 177).

(1) Disconnect the three resistor leads from
the FLD terminal (23, fig. 197) and from
the two stationary accelerating conta
terminals, and pull them out lahmu@xﬂ:o
base of the motor starter.

(2) Remove the solderless connector.

(3) Remove the nuts and washers from the
mounting bolts.

(4) Lift off the upper resistor (R603)

(5) Lift off the spacers,

(6) Lift off the lower resistor (R604).

(7) Replace the resistor, as required.

(8) Reassemble all parts in the reverse order
of disassembly.,

SOLDERLESS
CONNECTOR

RESISTOR
(R603)
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SPACER

Figure 177. Motor Starter SA-287/8PN-11, rear view.
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 BRUSH
TENSION SPRING
LEVER ARM

MOTOR BRUSH
(E602)

*BRUSH HOLDER
ASSEMBLY (H608)

COMMUTATOR

*
BRUSH HOLDER
ASSEMBLY (H6&14)

BRUSH
TENSION SPRING
(0603)

BOLT (H606)(4) WS-

¥BRUSH HOLDER ASSEMBLIES
H6ll AND H6I2 FOR 24 OR
32V DC.

T™ 1335-63

Figure 178. Motor end bell, cover removed.

(9) Push the leads through holes in the

motor starter base and reconnect them as
before.

211. Motor Generator Parts

a. To change brushes, use the following pro-
cedure:

(1) Remove the brush access cover (fig. 202).

(2) Remove the solder lug at the end of the
pigtail lead by loosening the terminal
screw (fig. 203).

(3) Lift up the brush tension spring lever
arm (fig. 178) with the index finger of
one hand and pull the brush out of the
brush holder with the other hand. Keep
the brush in line with the axis of the
brush holder as the brush is removecl.

(4) Lower the spring lever arm carefully into
place.

(5) Clean the inside of the brush holder with
a clean, dry cloth.

b. To insert a new brush, reverse the procedure
in a above.

¢. Check the brush spring pressure (par. 217)
after installing new brushes,

212. Voltage Regulator Parts
(fig. 179)
a. Rheostat R601. ]

(1) Remove the rheostat knob by loosening
the knob retaining screw. ;

(2) Remove the control panel by removing
the 10 panel mounting screws. g

(3) Disconnect the three leads by removing
the three terminal nuts and washers.

(4) Remove the four mounting bracket
screws on the control panel and lift out
the rheostat and mounting bracket.
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(5) Remove the two rheostat mounting
screws and separate the rheostat from
the mounting bracket.

(6) Replace the rheostat.

(7) Reassemble in the reverse order of dis-
assembly.

b. Voltmeter M601.

(1) Remove the 10 panel mounting screws
and remove the control panel.

(2) Disconnect the two wire leads by re-
moving the two terminal nuts and
washers.

(3) Remove the two mounting nuts and
washers.

(4) Remove the meter from the control panel.

(5) Replace the meter with a new one.

(6) Reassemble in the reverse order of dis-
assembly.
¢, Terminal Strip.
(1) Remove the control panel by removing
the 10 panel mounting screws.
(2) Loosen the terminal screws on terminals
1, 2, 3, and 4, and disconnect the wires,

Note. Tag the wires to prevent confusion at

reassembly.

(3) Remove the two mounting screws at each
end of the terminal strip.

(4) Lift out the terminal strip and then the
insulation board.

(5) Replace the terminal strip.

(6) Reassemble in the reverse order of
disassembly.

RHEOSTAT

.
o
1
-

TERMINAL STRIP
MOUNTING SCREW (4
AND LOCK WASHER (4)

Figure 179.

(R60I)
D
" A

RHEOSTAT
MOUNT ING
SCREW(2)

——VOLTMETER
(M601)

VOLTMETER MOUNTING NUT (2)

AND LOCK WASHER (2)

TM 1336-77

Voltage regulator, showing replaceable parts.

Section IV. ADJUSTMENTS

213. Time Delay Adjustment

Remove the cathode lead (pin 6) of tube V301
from its connection at the junction of resistors
R327 and R328.

a. To increase the time delay, connect the cath-
ode lead to the junction of resistors R328 and
R329; for a greater increase in delay, connect the
lead to the free end of resistor R329.

216

b. To decrease the time delay, connect the cath-
ode lead to the junction of resistors R326 and
R327; to decrease the delay further, connect the
lead to the junction of resistors R325 and R326.

214. Mechanical Timer Adjustments

If the delay effected by the mechanical timer in
the motor starter is too long or too short, it may
be adjusted as follows:
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Figure 180,

. Remove the cover from the motor starter case
by loosening the screw at the bottom center of the
case and lifting off the cover.

5. Remove the two mechanical timer cover nuts
and lockwashers (24, fig. 196 and 197) and lift the
timer cover off the cover mounting screws.

e. Slightly loosen the delay adjusting nut.

d. Slide the nut and its shaft in the slot to
change the operating time of the timer; slide it up
to decrease the time, or slide it down to increase
the time. Then tighten it securely.

¢. Replace the timer cover and reassemble the

unit in the exact reverse order of disassembly in
a and b above.

215. Cleaning the Commutator

The commutator surfaces should be smooth and
free from nicks, pitting, and dirt. A slight dis-
coloration of the commutator surfaces is normal.
To clean the commutator, proceed as follows:

@. Remove the brush access cover (fig. 202).

b. Insert the cleaning tool (4, fig. 112) and rub

the canvas surface against the exposed commu-
tator surface.

COVER
MOUNTING
SCREW

ESCAPEMENT
SHAFT

ESCAPEMENT

RATCHET
AND SHAFT
ASSEMBLY
(PINION ON
OTHER END)

ESCAPEMENT
LEVER

DELAY
ADJUSTING
NUT

HOUSING

COVER
MOUNTING SCREW

T™ 551033

Mechanical timer, cover removed.

¢. Rotate the armature to expose and clean the
next commutator surface.

d. Repeat steps in b and ¢ above until all com-
mutator surfaces have been cleaned.
¢. When the commutator surfaces are badly
pitted, proceed as follows:
(1) Cut a strip of No. 0000 sandpaper 6
inches long and 1% inches wide.

Caution: Never use emery cloth or a
file for this cleaning procedure.

(2) Fold the sandpaper over the cleaning
tool.

(3) Repeat the procedure in b, ¢, and d above.
(4) After using sandpaper, remove the sand-

paper dust from between the commutator
segments,

216. Seating Brushes

New or old brushes must be seated to conform
with the surface of the commutator. Perform the
following operations to properly seat a brush.

. Cut a long strip of sandpaper No. 0000
slightly wider than the width of the brush.
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5. Remove all the brushes from the brush

holders.
¢. Place the strip of sandpaper around the com-

mutator, with the sanded side toward the brush.

d. Lower one brush into contact with the sand-
paper and draw the sandpaper in the direction of
normal rotation.

e. Lift the brush and return the sandpaper to
its original position.

/- Repeat the step in 4 and ¢ above until the
brush is properly seated.

g. Perform this procedure for each brush.

Caution: Never use emery cloth. Emery dust
will short circuit the commutator segments.

217. Adjusting Brush Spring Pressure
(fig. 181)

Check the pressure of the brush tension springs
after the installation of new brushes in the fol-
lowing manner.

@. Remove the brush access cover.

b. Cut a loop of string approximately 3 inches

long.
¢. Loop one end of the string over the hook at

the bottom of a spring balance.
d. Hook the other end of the string under the

tip of the brush spring lever arm (fig, 181).
e. Slide a piece of paper between the brush and
the commutator. Hold the paper with one hand.

Note. The paper should not move easily,

/. Grasp the spring balance in the other hand.

9. Pull the spring balance slowly away from
the commutator and exert a slight pull on the
paper.

4. When it is possible to slide the paper freely,
record the reading obtained on the calibrated scale
of the spring balance. It should read 6 ounces,

. If the balance reading is incorrect, loosen the
setscrew that holds the brush spring mounting
stud in the brush holder assembly.

(1) If the pressure is low, rotate the brush
spring mounting stud in a clockwise di-
rection,

(2) If the presure is high, rotate the brush
spring mounting stud in a counterclock-

wise direction,

follows.

Note. The brown dis
silver and silver pl
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Section V. FINAL TESTING

FOR LINE VOLTAGE OF: AMMETER READING IS:
(15 oene -~ 7 AMPS £ | AMP
B CiA i mnn e -3 AMPS %4 AMPS
P - -+ 38 AMPS t6 AMPS
Figure 181.
219. General

This final testing section is intended as a guide
ey et,emlin_i"fg whether a repaired power system
meets the original specifications. Entire test pro-
cedures for the power system are given. The final
testing chart (fig. 222) summarizes the final test-
ing Procedures for the entire radar set.

Testing Motor. Generator
(fig- 181)

ry Disconnact the leads going from voltage reg-
o rheostat R(i()‘l to terminals 5 and 6 of
TBEO1- Connec; this rheostat in series with. an
snaneter (O to 10 amp) across the output (termi-
s 8 and 9 of TB601) of the motor generator

(fig. 181) -
5. Turn

e. Adju®

S.
4.8 ampe*®
4. Place an ac voltmeter across terminals 8 and

-9 o TBGOL The voltage reading should be 115
v=2 V-
>, Co nnect F:‘equel:cy Meter TS-328/U across
resainals 8 and 9 of TB601. The frequency read-
ould be 400 cps %40 cps.
5 oﬂ'lt-he power. Remove the strap that
germinals 14 and 15 of TB601 and connect
eter between these two terminals.
pn on the power. For a line voltage of 115
¢he meter should read 7 amps =1 amp.
voltage of 32 volts, the meter should

220.

on the power.
t. the rheostat until the ammeter reads

the am
g- Tur

volts d¢»
For a

read 31 amps =4 amps. For a line voltage of 2%
volts, the meter should read 38 amps =6 amps:

221. Checking Brush Spring Pressure
a. Check the pressure of the two top
springs in the motor generator according

0

prush
to the

SPRING BALANGE
e——STRING
BRUSH SPRING
LEVER ARM gﬂgﬁ (E602)
RMINAL
COTTER ;E’g‘
PIN
SET SCREW o) L o
4 PAPER
luoll:lgr; annmo coMMUTATOR
SPRING BRUSH_HOLDER
MOUNTING STUD ASSE
Heon T it
Figure 182. Adjustment of brush spring pressre:

instructions given in paragraph 217. The brush
spring pressure should be 6 ounces =.6 ounces-
5. Remove the two filter capacitor leads and the
four field leads by loosening the appropriate f*"

minal screws (fig. 203). Tag all wires.
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¢. Remove the two filter capacitors from the top
of the motor end bell (par. 244).
d. Remove the brushes from their brush hold-

ers. Do not remove the pigtail leads.
¢. Loosen the mounting ring clamp screws (fig.
203).
f. Rotate the mounting ring until the two
bottom brush assemblies are accessible.

g. Tighten the mounting ring clamp screw, and
insert the brushes in their brush holders.

h. Check the pressure of the two brush springs

according to instructions g1Ven in paragraph 217.
/. Loosen the mounting TIng clamp screw and

return the mounting ring 0 its original position.
Tighten the clamp screw.

Warning: Be sure to aline the motor brush
assembly location points on the end bell and
mounting ring (par. 244).

j- Reassemble in reverse order of disassembly.



PART THREE

DISASSEMBLY AND ASSEMBLY OF MECHANICAL PARTS
CHAPTER 14
ANTENNA

Section I. ANTENNA PEDESTAL

a. Reflector,
222. Rotating Assembly (1) To remove reflector E503, remove the
(fig. 183) four hex.-head nuts. Secure the reflector
to the rotating mounting base.
(2) Remove the three bolts that secure each
mounting foot A 502 to the reflector
proper.

The rotating assembly consists of the antenna
reflector, antenna horn, and the side lobe sup-
pressor mounted on the rotating mounting base.

MOUNTING
NUT (4)

UNTING REFLECTOR
B0, (E503)

BOLT (4)

REFLECTOR
SECTION

ROTATING
HEAD

Do — — — —

=
FOOT MOUNTING ‘
BOLT (6) _/,é
WASHER (4) !
MOUNTING MOUNTING A SUATING
PoLT (%) NUT(S) FOOT (A 502)(2) S

Figure 183. Disassembly of reflector.
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(3) Each side section is attached to the center
section by two hex.-head nuts and bolts.
Remove these bolts to separate reflector
sections.

(4) Reassemble the reflector by reversing the
procedure given in (1), (2), and (3)
above.

b, Antenna Horn and Nide Lobe Swuppressor.
The antenna horn, E502, and side lobe suppressor
are removed as a unit. The horn is separated
from the wave guide termination by the removal
of the four flange screws. The side lobe sup-

pressor is secured under the two upper flange

screws (fig. 129),

223. Drive Housing, Minor Parts
(fig. 184 and 185).
Loosen the four captive screws (fig. 4) and re
move the two drive housing covers.
a. Terminal Board (TB501). Remove the ter-
minal board by following the procedure below.
(1) Disconnect all the wires and tag them.
(2) Remove the four screws (H518) and
washers (H544) that secure the terminal
board to the mounting bracket (A 501).
(3) Remove the terminal board and insulator

plate (E501).

ANTENNA DRIVE MOTOR (B502)

MOTOR MOUNTING PLATE

GASKET
CLAMP
tHEOL)

MOTOR COUPLING (O Su)

CRIVE

HOUSING
GASKET
(O 544)

MAIN DRIVE GEAR
MOUNTING BASE

(ERGRES] JACK

Figure 18}. Antenna pedestal,

222

(4) Assemble by reversing the procedures in
(1) through (3) above.

b. Capacitor (C501). Remove the capacitor by
disconnecting the two wires and removing the two
screws (H522) and lockwashers (H349). As-
semble by reversing this procedure.

e. Capacitor (C502). Remove the capacitor by
digconnecting the two wires and removing the two
screws (Hb524). Assemble by reversing the dis-
assembly procedure.

d. Heater Elements and T hermostat. Remove
a heater element by removing the two terminal
lugs (E504) and screws (H519). Remove the
thermostat by removing the two screws (Hi23).
Assemble by reversing the disassembly procedure.

e. Cam Switches. Remove the heading flash
cam switch (S502) and the synchro alinementcam
switch (S501) by disconnecting the wires and re-
moving the two screws (H515). Assemble by re-
versing the disassembly procedure.

f. Drive Housing Gasket (O 544). Replace the
drive housing gasket (O 544) by following the

procedure below.
(1) Remove the screws that hold the gasket

clamp (A 501) to the top of the main

drive gear mounting.
(2) Lift out the gasket clamp (A 501).

ROTATING MOUNTING BASE

MOUNTING BRACKET
(as0l)

MOUNTING SCREW (H518](4)
AND WASHER (HE44) (4)

PIPE FITTING (HS02)

WAVEGUIDE COVER PLATE (A503)

INSULATOR
PLATE(ESOI)

tusoil
TM i835-529

showing rear view of drive housing.



SCREW (H523)(2)
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HEATER ELEMENT

QIL FILLER TUBE

CAM ASSEMBLY

MAIN DRIVE GEAR
MOUNTING BASE

SYNCHRO ALINEMENT
CAM SWITCH (S801)

TERMINAL
LUGLESD4)(4)

TUBING
(a504)

csol

cso02

SCREW
tH524)(2)

SCREW
(Hs22M2)

LOCK WASHER

(H549)(2)
TUBING
ADAPTER
(o538)
SCREW
(H518)(4)
TMI535-607

Figure 185, Antenna pedestal, showing front view of drive housing.

(3) Remove the drive gasket
(O 544).

(4) Assemble by reversing the procedure in
(1) through (3) above. Before install-
ing a new gasket, apply glyptol to the
top surface of the main drive gear mount-

ing and the gasket.

housing

224. Antenna Drive Motor
(fig. 186)

a. Removal.

(1) Disconnect the antenna drive motor leads
(1) from terminal board TB501 (fig.
184). Tag the leads to avoid confusion
during the assembly procedure.

(2) Loosen the two setscrews (23) in the
motor coupling (18). lLoosen the two
setscrews (20) in the motor coupling
(21).

(3) Remove the four screws (24) and four
lockwashers (22) from the motor mount-
ing plate (15).

(4) Remove the antenna drive motor. The
motor couplings (18 and 21) and cou-
pling disk (19) will break free of the
armature shaft (38).

(5) Remove the motor mounting plate (15)
by removing the four bolts (30), four
lockwashers (29), four washers (28),
four spacing collars (26), and four motor
mounting spacers (25). Remove the
four vibration mounts (16, 17,27 and 31),
to completely disassemble the motor
mounting plate (15).

b. Disassembly. When the antenna drive
motor is to be disassembled, perform the procedure
in @(1) through (4) above.

(1) Remove the eight nuts (32) and eight
washers (33) from the four studs (34) on
the motor end bells (and brush housings)
(5 and 35).

Remove the motor end bell (35).

Remove the ring (36) and bearing (37)

from the armature shaft (38).

(4) Remove the two cover plate mounting
screws (3) and slide the cover plate (4)
and collar (2) along the antenna drive
motor leads (1). Remove both halves of
the collar (2) from the cover plate (4).

(5) Remove the two plugs (6) and lift the
two motor brushes (7) out of each brush
holder (8).

—
o

—_—
A y
S
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Antenna drive motor leads

Collar

Cover plate mounting screw (2)

Cover plate

Motor end bell and
housing

Plug (2)

Brush (2) (H505, E506)

Brush holder (2)

Capacitor mounting bolt (2)

Capacitor (C503)

Lockwasher (2)

Nut (2)

Motor frame

Field windings

Figure 186.

brush

224

Antenna

Motor mounting plate
Vibration mount (A 507)
Vibration mount (A 508)
Motor coupling (0O 511)
Coupling disk (O 512)
Setscrew (2)

Motor coupling (O 511)
Lockwasher (4) (HB5H48)
Setserew (2)

Screw (4) (HBH1T)

Motor mounting spacer (4)
Spacing collar (4) (O 555)
Vibration mount (A 510)
Washer (4) (H543)
Lockwasher (4) (H5H47)

30
31
32
33
34
a5
36
37
a8
39
40
41
42
43

TM 1535-531

Bolt (4) (H526)
Vibration mount (A 509)
Nut (8)

Washer (8)
Stud (4)

Motor end bell
Ring

Bearing (O 556)
Armature shaft
Fan

Armature
Bearing (O 557)
Ring

Ring

drive motor, mounting plate and coupling, exploded view.



(6)

(M
(8)

Remove the motor end bell and brush
housing (5).

Caution: Perform this operation with
extreme care to avoid damaging the an-
tenna drive motor leads (1), and the in-
ternal connections of the capacitor (10)
and field windings (14).

Remove each brush holder (8) from the
motor end bell and brush housing (5).

Remove the two capacitor mounting
bolts (9), two nuts (12), and two lock-
washers (11), and lift the capacitor (10)
out of the motor end bell and brush hous-

c. Assembly.

ing (5).

(9) Remove the rings (42 and 43) and the
bearing (41) from the armature shaft

(38).

(10) Remove the armature shaft (38), fan
(89), and armature (40) from the motor
frame (13) at the motor mounting plate

end of the motor frame.

Caution: Perform this operation with
extreme care to avoid damaging the field

windings (14).

225. Transmitter Synchro

(fig. 187)

a. Removal.

(1) Disconnect the five transmitter synchro
leads (2) from terminal board TB 501
(fig. 184). If necessary, tag the leads to
avoid confusion at the time of assembly.

(2) Loosen the three mounting dogs (10).

Assemble the antenna drive mo-
tor by reversing the procedures in @ and b above,

1 Serew
2 Synchro leads (5)
3 Brushes (2)
4 Flange (4)
5 Screw (3)
6 Lockwasher (3)
7 Setscrew (2)
8 Synchro coupling disk (0 510)
9 Synchro mounting
410 Mounting dog (3)
41 Nut
12 Synchro coupling spring
43 Synchro coupling spring retainer
414 Shaft
15 Synchro frame
416 Brush terminal nut
17 Brush access cover
Fligure 187, Transmitter s _u.n:sh-ro and mounting, exploded T™ 1535-532
view.
225

327711 0—55
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(3) Loosen the two setscrews (7) on the syn-
chro coupling disk (8).

Caution: The setscrews on the synchro
coupling disk should be loosened to avoid
damaging the synchro coupling spring
(12) when the transmitter synchro is
removed.

(4) Lift the transmitter synchro off the syn-
chro mounting (9). The synchro cou-
pling spring (12) will break free without
the use of tools.

(5) Remove the synchro mounting (9) by re-
moving the three screws (5) and three

lockwashers (6).
b. Disassembly. When the transmitter synchro

must be disassembled, perform the procedure in

a(l) through (4) above.
(1) Remove the nut (11), the synchro cou-
(12), and the synchro cou-

pling spring
stainer (13) from the shaft

pling spring re
(14).

Remove the brush access cover (17) by
removing the two screws (7). The
brushes (3) and brush terminal nut (16)

will be accessible after the brush access

cover has been removed.
Section |

227. Rotating Joint Assembly
(fig. 188)
a. Disassembly.

(1) Remove the four cover mounting screws.
Lift the cover and gasket O 538 off the
wave guide eap.

(2) Remove the upper joint clamp by re-
moving the two clamp mounting SCrews.

(3) Remove the wave guide cap and wave
guide cap gasket O 539 by removing the
five cap mounting screws.

(4) Remove the wave guide joint adjustment
SCrew.

() Remove the captive nut assembly by
loosening the two retaining screws.

(6) Remove locknut Hb606 and lockwasher
H546 from the main drive shaft.

Caution: Be extremely careful when

removing the locknut. The threads of
the main drive shaft may be damaged by
careless remaoval,

226

¢. Assembly. The transmitter synchro is as-
sembled by reversing procedures in @ and b above.

226. Caom Assemblies

The heading flash and synchro alinement cam
assemblies are illustrated in figures 185 and 139.
The fore heading flash cam assembly is at the top,
the aft heading flash cam aasambiy is in the centa',
and the synchro alinement cam assembly is at the
bottom. Each assembly consists of a bushing and
cam. Refer to paragraph 225 for disassembly of
cam switches S501 and S502.

a. Removal (fig. 192).

(1) Loosen the mounting serew (1) and lift
the fore heading flash cam assembly (2)
off the cam shaft (37). Remove the cam
washer (3).

(2) Loosen the mounting screw (4) and te-
move the aft heading flash cam assembly
(5). Remove the cam washer (6).

(3) Loosen the two mounting screws (7) and
remove the synchro alinement cam assepn-
bly (8)-

b. Assembly. The cam assemblies are assepn-
bled by reversing the procedure in @ above. For
proper reassembly, the synchro alinement cam
must make electrical contact with cam switch S301
when the antenna reflector is facing aft.

|. WAVE GUIDE JOINT ASSEMBLIES

(7) Lift rotating joint assembl

e ant s A £

(8) Remove the lower joint eclamp ang

gasket by removing the two clamp
mounting screws.

b. Reassembly. Reverse the disassembly pro-

cedure (a. above) to reassemble the rotating joint

assembly.

228. Fixed Joint Assembly
(figs. 189 and 190)

a. Disassembly.

(1) Drain the oil from the gear housing by
removing pipe fitting H502, :

(2) Free the gear housing from the antenna
pedestal by freeing the wave guide
flanges and removing the six mounting
screws Hb5636, nuts H535, and washers
H552 and H545. Remove gasket 0543.

(3) Remove the 10 mounting screws and lock-
washers that secure the gear housing to
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Figure 188. Rotating joint assembly, exploded view.

the main drive gear mounting. Separate
the gear housing from the main drive gear
mounting. Remove sleeve bearing 0509
from the top end of the fixed joint as-
sembly W501.

Caution: Avoid bending fixed joint
assembly WH01.

Remove the gear housing gasket O540.
Remove the upper and lower joint clamps
by removing the two mounting serews and
lockwashers in each clamp. Remove
both halves of gasket 0565,

Remove the four mounting screws and
lockwashers that secure the fixed assem-
bly W501 to the gear housing. Remove

the fixed joint assembly W501 from the
bottom of the gear housing.

Caution: Perform this operation with
extreme care to prevent damage to fixed
joint assembly W501.

(7) Remove gasket 0537,
b. Assembly. Assemble the fixed joint assem-
bly by reversing the procedure in a above.

229. Gear Housing
(fig. 190)

a. Removal. Remove the gear housing by per-
forming the procedure in paragraph 9228a(1)
through (4).
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Figure 189. Fized joint assembly, exploded view.
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ASSEMBLY (W501)

OIL SEAL WASHER (0 529)

GEAR HOUSING
GASKET (0 540)

GASKET [0 543)

JOINT CLAMP
(UPPER)

Figure 190.

b. Disassembly.

(1) Remove pipe fitting F503.

(2) Remove oil seal ring H539 and oil seal
washer (520,

(3) Remove the four serews H520 that secure
oil retaining tube O517 to the gear hous-
ing. Lift oil retaining tube 0517 out of
the gear housing.

(4) Remove gasket 545,

¢. Assembly. Assemble the gear housing by
reversing the procedures in ¢ and b above. Seal
pipe fitting H503 and gasket O545 with glystol.

]

OIL RETAINING TUBE (0 517)

OIL SEAL RING (H539)

Y«——— SCREW (H520)(4)
— =]

GASKET (0 545)

GEAR HOUSING

. ~PIPE FITTING
& (H502)

PIPE FITTING (H503)

JOINT CLAMP
(LOWER)

TM 1535217

Gear housing.

Before applying the glyptol, be sure the gear hous-
ing is dry and free of oil.

230. Lubrication
(fig. 191)

The oil in the gear housing should be drained
every six months.

a. Drain the old oil by removing the pipe fitting
H502 (fig. 190). Replace the pipe fitting.

b. Refill the gear housing with three pints of
0il OE20. Pour the oil through the oil filter tube.

Caution: Do not overfill,

229



l given are
1 it

for normal B-hour day operation. For
las, intervols shovld be adjuiled io

Clsan Attings belors lubricating.

or
tompaniole,

Diesal, Dry bafore lubricating.

CAUTION: This equipmen! wies high volloges tho! may be folal Il con-
locted by operating perionnel. Uie necensory precautions belors servicing.
Disconnect from powsr source bators ervicing.

Clean partt with Solvenl, dry-cleoning (30), or with Qil, feel,

(Aft end view)

Lubricant — Intarval
Gearbox Oil Level Gage * Q

Remove cost covers. Check leval; il to full mark
on gage. Reploce oil level gage and cout covers.

Interval — Lubricant
A * Georbox Drain Plug

Remove plug and drain. Reploce plug. Remove
cast covers and oll level goge, and All with Ihres
pints. Reploce oil leval goge ond cont cover.

ANTENNA AS-599/SPN-11
(starboard side view, upper

BLOWER UNIT
{located in Rodar Receiver
- Transmitter RT-268/5PN-11)

Figure 191.
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P tal covers d)
Q *  Blower Motor Bearings
Open hinged chotli of receiver-transmiiter wnil,
Apply 10 drops ot sach beoring.
KEY
LUBRICANT (All temperatures) INTERVALS
* — lubricating Oil, General Purpose per Q—Quarterly
MIL-L-15016A; Mavy symbel 2135 A—Annually
TM1535-576

Lubrication of antenna and blower unit,



Section Ill. GEAR ASSEMBLIES

231. General

The main drive gear mounting contains main
drive gear assembly O 515, idler gear assembly
() 514, the main drive shaft assembly, the synchro
gear assembly, the cam gear assembly, and the

antenna drive motor gear assembly. Paragraphs
232 through 237 contain the disassembly and as-
smbly procedure for each assembly.

232. Idler Gear Assembly

o. Removal (fig. 192).
(1) Remove the two screws (18) and two
lockwashers (17).
(2) Lift out the idler gear assembly (15)
from the main drive gear mounting.

Caution: Do not damage the two
dowel pins (16) during the removal pro-

cedure.

b. Disassembly (fig. 193).

(1) Loosen the two setscrews (1) in the cam
idler gear (2).

(2) Lift the cam idler gear (2) and the syn-
chro idler gear (4) off the idler gear
shaft (5).

(8) Separate the cam idler gear (2) from the
synchro idler gear (4) by removing the
two screws (10) and the two dowel pins
(3) from the synchro idler gear (4).

(4) Remove the retainer ring (6) from the
idler mounting bracket (8).

(5) Lift out the bearing (7) and the idler
gear shaft (5) from the idler mounting
bracket (8).

(6) Remove the retainer ring (9) with a
Waldes No. 2 pliers.

(7) Remove the bearing (7) from the idler
gear shaft (5).

o Assembly. To assemble the assembly, reverse
the Procedure in & above.

i Remounting. To remount the assembly, re-
vetse the procedure in  above,

233. Synchro Gear Assembly

To gain access to the synchro gear assembly,
remove the idler gear assembly O 514 as discussed
I paragraph 232a.

& Disassembly (fig. 192).

(1) Remove the synchro coupling disk (par.
225a.

(2) Remove the two setscrews (28) and lift
the synchro spur gear (29) off the syn-
chro shaft (25).

(3) Remove the three oil seal retainer screws
(30) that secure the oil seal retainer (27)
to the main drive gear mounting. Re-
move the oil seal retainer (27).

4) Remove the oil seal (26).

) Remove the retainer ring (24).

(6) Remove the synchro shaft (25) and the
bearing (23) from the main drive gear
mounting by tapping from the synchro
coupling end of the shaft (within the
drive housing).

(7) Lift the grease seal (19), grease washer
(20), and washer (21) off the synchro
shaft (25).

(8) Remove the retainer ring (22) using a
Waldes No. 2 pliers.

(9) Remove the bearing (23) from the syn-
chro shaft (25).

b. Assembly. To assemble, reverse the proce-
dure in @(1) through (9) above.

234. Main Drive Shaft Assembly

a. Disassembly (Lower Section) (fig. 192).

(1) Loosen the four setscrews (43) that hold
the main shaft worm gear (45) to the
main drive shaft. Remove the main
shaft worm gear (45).

(2) Loosen the four setscrews (47) and re-
move the main shaft spur gear (46). Re-
move the key (44).

(3) Remove the retainer ring (48).

(4) Remove the bearing (49).

(5) Remove the two washers (50 and 52) and
the oil seal (51).

b. Disassembly (Upper Section) (fig.194). To
disassemble the upper section of the main drive
shaft assembly, remove the rotating joint assembly
as discussed in paragraph 227q. If the main drive
shaft must be removed from the main drive gear
mounting, perform the procedure in a above also.

(1) Remove the key (5).

(2) Remove the retainer ring (6) and remove
the bearing (7).

(3) Remove the main drive shaft (8) from
the main drive gear mounting.

(4) Remove the bearing (2).
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Figure 192,

Muain drive gear mounting assembly, exploded view.
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Synchro spur gear (0 550)
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Bearing (0 501)
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Figure 192—Continued.
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Key
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Main shaft spur gear (0O 546)
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Retainer disk (O 513)
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TM 1535-534

8 Idler mounting bracket (A 505)

1 Setscrew (2) 5 Idler gear shaft (O 533)

2 Cam idler gear (O 548) 6 Retainer ring (0 522) 9 Retainer ring (O 536)
3 Dowel pin (2) (H507) 7 Bearing (0O 507) 10 Screw (2) (HB516)

4 Synchro idler gear (O 549)

Figure 193. [Idler gear assembly O 514, exploded view.
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1 Gasket (0 541) 4 Washer (H540) 7 Bearing (0 508)
2 Bearing (0O 508) 5 Key (O 516) 8 Main drive shaft
ater geal (O 532) 6 Retainer ring (0O 525)

Figure 194. Main drive shaft assembly, upper section, exploded view.
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(5) Remove the washer (4) and the water
seal (3) from the top of the main drive
gear mounting.

(6) Remove the rubber gasket (1), if
necessary.

¢. Assembly. Before assembly, the two bear-
ings (2 and 7), the washer (4), and the water seal
(3) must be packed with grease. Assemble the
lower and upper sections of the main drive shaft
assembly by reversing the procedure in a and b

above.

235. Cam Gear Assembly

To gain access to the cam gear assembly, it. will
be necessary to remove the idler gear assembly
O 514 (par. 232) and the lower section of the
main drive shaft assembly (par. 234).

a. Disassembly (fig. 192).

(1) Remove the cam assemblies.

(2) Loosen the two setscrews (41) that se-
cure the cam shaft spur gear (40) to the
cam shaft (37). Remove the cam shaft
spur gear.

(3) Remove the three oil seal retainer screws
(42). Remove the oil seal retainer (39)
from the main drive gear mounting.

(4) Remove the oil seal (38).

(5) Remove the retainer ring (36). .

(6) Remove the cam shaft (37) by tapping
from the cam assembly end of the shaft.

(7) Remove the grease seal (31) and the two
washers (32 and 33).

(8) Remove the retainer ring (34) with a
Waldes No. 2 pliers.

(9) Remove the bearing (35).

b, Assembly. Assemble the cam gear assembly
by reversing the procedure given in « above.

236. Antenna Drive Motor Gear Assembly
(fig. 192)
a. Disassembly. Remove the parts in the order
given below,

(1) Remove the antenna drive motor B5H01
and motor coupling (par. 224a).

(2) Remove the retainer disk (59) by re-
moving the four mounting screws (60)
that secure the retainer disk to the top
of main drive gear mounting.

(3) Remove the grease seal (58) and the
washer (57).

(4) Remove the retainer rings (55 and 56).
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Use a Waldes No. 2 pliers to remove the
retainer ring (55).

(5) Remove the dowel pin (10) that secures
the oil flinger (9) to the antenna drive
motor worm gear and shaft (53).

(6) Remove the antenna drive motor worm
gear and shaft (53) by tapping from the
motor coupling end of the shaft. Re-
move the oil flinger (9) from the shaft.

(7) Remove the bearing (54) from the main
drive gear mounting.

b. Assembly. Assemble the antenna drive
motor gear assembly by reversing the disassemblv
procedure in a above,

237. Main Drive Gear Assembly O 515
a. RRemoval (fig. 192).

(1) Remove the lower section of the main
drive shaft assembly (par. 234). Re-
move the antenna drive motor gear
assembly (par. 236). The removal of
both assemblies will permit the main
drive gear assembly to be removed more
easily.

(2) Remove the five screws (14) and five
lockwashers (13).

(3) Lift the main drive gear assembly (11)
off the main drive gear mounting. Per-
form this operation carefully to avoid
damaging the three dowel pins (12).

b. Disassembly (fig. 195).

(1) Remove the bearing (4) by removing the
retainer ring (5),

(2) Remove the locknut (15) and washer
(14) from the other end of main drive
shaft (6).

(3) Remove the main drive worm gear (13).

Caution: Perform this operation care-
fully to avoid damaging the inner bore
of the main drive worm gear as it is
pulled past the key (2),

(4) Lift the key (2) off the main drive shaft
(6).

(5) Remove the spacing post (12).

(6) Remove the retainer ring (11) and the
bearing shim (10), in order,

(7) Remove the bearing (9).

(8) Remove the retaining ring (7).

(9) Remove the spacing post (8).

(10) Remove the bearing (1).

(11) Lift the main drive shaft (6) out of the
bracket mounting (3).



1 Bearing (O 506) 6 Main drive shaft (O 534) 11
2 Key 7 Retaining ring (O 561) 12
3 Bracket Mounting (A50G) 8 Spacing post (H513) 13
4 Bearing (0 559) 9 Bearing (0 504) 14
5 Retainer ring (O 519) 10 Bearing shim 15

TM 1535-536

Retainer ring (0 518)
Spacing post (H514) -
Main drive worm gear (O 551)
Washer (H538)

Locknut (H505)

Figure 195, Main drive gear assembly 0 515, exploded view.

¢. Assembly. To assemble the main drive gear
assembly, reverse the procedure given in b above.
d. Remounting.

(1)

(2)

Secure the bracket mounting (3, fig. 195)
to the main drive gear mounting by re-
placing the five screws and the five lock-
washers (14 and 13, fig. 192).

To prevent binding or excessive backlash
between the main shaft worm gear (45,
fig. 192) and the gear on the main drive
worm shaft (6, fig. 195), or between the
antenna drive motor worm gear (53, fig.

192) and the main drive worm gear (13,
fig. 195), loosen the five mounting screws
(14, fig. 192) on the bracket mounting (3,

fig. 195).

Shift the bracket mounting

(8, fig. 195) until the binding or back-
lash disappears.

(3) Apply pow

er and operate the antenna

until the gears are operating quietly.
If excessive noise is present, repeat the

procedure g

iven in (2) above.

(4) When the gears are operating quietly,

shut off the

power.
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(CHAPTER 15
POWER GROUP

Section |. MOTOR STARTER

238. General

The following paragraphs describe replacement

procedures. Each paragraph covers the replace-
ment of a major part. Where the text does not
refer to a particular model, the instructions apply
to both types of motor starter,

Always remove the front cover of the inotor
starter by loosening the screw at the bottom. Place all
disassembled parts in suitable boxes or bags. This prae-

tice will avoid loss or damage to parts. Tag all wires to
prevent confusion when reassembling the motor starter,

Note.

239. Motor Starter Contacts
a. Movable Accelerating Contacts (fig. 196).
(1) Remove the shunt lead (28) by removing
the two screws that hold the lead to the
left-hand elutch section (36).
(2) Remove the cotter pin (31).

38 40 41 42 43 44 | 2
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(3) Lift off the upper spring seat (32), moy-
able contact compression spring (33),
and the lower spring se