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Introduction

iNTRODUCTION

This Handbook of Service Instructions covers Direc-
tion Finder Group AN/ALA-6 and is prepared and
furnished for the instruction, aid, and guidance of
maintenance personnel of two classifications, namely,
Organizational Maintenance and Field Maintenance.
Sections I, II, III and IV contain general technical in-
formation and data about the equipment supplied, in-
cluding a discussion of its functions and of the function
of each circuit. Section V is particularly for Organiza-
tional Maintenance personnel and Section VI for Field
Maintenance personnel. Section VII provides diagrams
and illustrations essential for maintenance of AN/ALA-6
equipment.

Basic text coverage is provided for equipment pro-
duced under Contract No. AF 33(600)-19767. Special
service instructions for equipment produced under Con-
tract No. AF 33(600)-31638 appear in the form of
Difference Data Sheets in Section VIII. Under the latter
contract, due to electrical and/or mechanical modifica-

Revised 15 September 1957

tions, the nomenclature of the 65-250 mc antenna assem-
bly has been changed to AS-654A/ALA-6, and the
nomenclature of the antenna drive unit has been changed
to TG-23A/ALA-6. Except as specifically noted in the
applicable Difference Data Sheets, service instructions
for these units correspond to instructions in the follow-
ing text.

The specifications governing the preparation of this
handbook are MIL-H-6757A, MIL-H-5474A and ANA
Bulletin #261.

In addition to this handbook, there are three other
publications pertaining to Direction Finder Group
AN/ALA-6. They are: Handbook Operating Instruc-
tions, T.O. 12P3-2ALA6-1 (formerly AN 16-30ALAG-
1), 1 May 1954; Handbook Overhaul Instructions, T.O.
12P3-2ALAG6-3 (formerly AN 16-30ALAG-3), revised

{115 Sept 1957; and Illustrated Parts Breakdown, T.O.

12P3-2ALAG-4 (formerly AN 16-30ALAG-4).

vii
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TABLE 1-1

DIRECTION FINDER GROUP AN/ALA-6 GENERAL CHARACTERISTICS

Frequency
Range

Polarization
of Signals
Directional
Reception is
Provided For

Power Requirements

Units Comprising
Installation

1pb

115 vac
380-1000 cps
969, PF

115 vac
380-420 cps
1ph 96% PF

27.5 vde

Amp

Watts

Amp Watts Amp Watts

65 to 250 mc

Horizontal

Azimuth Indicator
1P-243/ALA-6

Power Supply
PP-974/ALA-6

Antenna Drive
TG-23/ALA-6

Antenna Coupler CU-398/ALA-6
(65-5000 mc)

Antenna Assembly
AS-G54]ALA-6
Antenna Control
C-1246|ALA-6
(with Mounting
MT-1428/ALA-6)

1.14

126.0

0.20 21.6 5.23 144.0

140 to 1200 mc

Vettical or
Horizontalt

Azimuth Indicator
IP-243/ALA-6

Power Supply
PP-974/ALA-6
Antenna Drive
TG-23/ALA-6

Antenna Coupler CU-398/ALA-6
(65-5000 mc)

Antenna Assembly
AS-655/ALA-6

1.14

126.0

5.17 142.1

1000 to 5000 mc

Vertical or
Horizontalt

Azimuth Indicator
IP-243] ALA-G

Power Supply
PP-974/ALA-6
Antenna Drive
TG-23|ALA-6

Antenna Coupler CU-398/ALA-6
(65-5000 mc)

Antenna Assembly
AS-656/ALA-6

1.14

126.0

5.17 142.1

5000 to 10,750 mc

Vertical,
Horizontal,
Circular

Azimuth Indicator
IP-243|ALA-6

Power Supply
PP-974/ALA-6

Antenna Drive
TG-23[/ALA-6

Antenna Coupler CU-397/ALA-6
(5000-10,750¢ mc)

Antenna Assembly
AS-657|ALA-6

1.14

126.0

5.08 139.9

+ Means are provided for distinguishing between vertical and horizontal waves.
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TABLE 1-2

AZIMUTH INDICATOR iP-243/ALA-6 OPERATING CONTROLS

Control Function
FOCUS Adjusts trace on cathode-ray tube for greatest sharpness of presentation.
INTENSITY Adjusts brightness of indication on cathode-ray tube screen.
VERT. Adjusts vertical centering of display on cathode-ray tube screen.
HOR. Adjusts horizontal centering of display on cathode-ray tube screen.
GAIN Adjusts gain of video amplifier of Azimuth Indicator, and thereby the radial size of a

PANEL LIGHT
EXPANDER

VERT.-HOR.

ANT. SPEED

DE-S.

Azimuth Index

AZIMUTH SCALE
TRUE-HD.

BEAM MOD.

PULSE POLARITY

received signal pattern on cathode-ray tube screen.
Adjusts illumination of panel by the panel lights.

Acts to enlarge radially the outer portion of signal pattern nearest the azimuth scale for
the purpose of more accurately determining signal bearing.

Selects either vertically-polarized or horizontally-polarized antenna of Antenna Assembly
AS-655]ALA-G6 or AS-656/ALA-6 when one of them is being used. Has no effect with
AS-654]| ALA-6 or AS-657]/ALA-6.

This control incorporates the master power switch for operation of the equipment and has
four positions: 1) S or standby position that turns on all the equipment except that the
antenna is not rotating, 2) 150 RPM position for slow antenna rotation, 3) 300 RPM
position for fast antenna rotation, and 4) OFF position which completely shuts down the
equipment,

Provides for DF, normal operation of the Direction Finder Group as described in this hand-

book; or for S operation, that is operation with an auxiliary search unit (not supplied).

The longer of the crossed lines on the rotatable window in front of the cathode-ray screen
is used as a pointer to more accurately read relative bearings of a displayed signal on the
azimuth scale. The crossed lines help in centering the pattern and judging its proportions.

Adjusts illumination of azimuth scale around cathode-ray tube screen.

Adjusts length of the line on the indicator screen that indicates aircraft heading. This
line disappears in the OFF position of the control.

Controls the amount of beam modulation, which acts to modulate the intensity of the
electron beam on the cathode-ray tube in accordance with signal strength, in order to
avoid excessive brightness at the center of the tube in the absence of signals.

Matches indicator video amplifier to the pulse polarity output of the associated receiver.
Adjusted and set at time of installation only.

TABLE 1-3

ANTENNA CONTROL C-1246/ALA-6 CONTROLS

Control

Function

RANGE SELECTOR

TUNING
—BRIGHTER—>

Selects for tuning, a sector of the total tuning range of Antenna Assembly AS-654]ALA-G.
Has four positions: 60-86, 77-105, 105-240, and 120-300 mc.

Fine tunes Antenna Assembly AS-654/ALA-G to frequency as calibrated on its dial.

Adjusts the illumination of calibrated tuning dial.
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DIRECTIOCN FINDER GROUP AN/ALA-6 ELECTRON TUBE COMPLEMENT

TABLE 1-4

T.C. 12P3-2ALA6-2

Component Symbol Type Function Location
Azimuth Indicator V201A 5814A Inverter Figure 5-3
1P-243/ALA-6 V201B Expander Diode
V202 5654/6AK5W/ | Video Amplifier
6096
V203 5725/6AS6W Summing Amplifier
V204 6005/6AQ5W/ Video Cathode
6095 Follower
V205 5654/6AK5W/ Beam Modulator
6096
V206A 5814A Blocking Oscillator
V206B (V206B not used)
V207 6005/6AQ5W / Cathode Follower
6095
_—
V208A 5814A Isolation Amplifier
V208B
V209A 5814A Isolation Amplifier
V209B
V210A 5814A Two-Channel Phase
V210B Inverter
V211A 5670 Vertical Deflection
V211B Amplifier
V212A 5670 Horizontal Deflection
V212B Amplifier
V213 172 High Voltage
Rectifier
V214 3WP1 Cathode-Ray Tube
Power Supply Viot » 5Y3WGT Rectifier Figure 5-5
PP-974/ALA-6
V102 5726/6GAL5SW Bias Rectifier
V103 6080 Voltage Regulator
V104 5654/6AKSW/ D-C Voltage
6096 Amplifier
V105 5651 Voltage Reference
Antenna Control V401A 5751 Amplifier Figure 5-7
C-1246/ALA-6 V401B Phase Inverter
V402A 5814A Power Amplifier
V402B

1-36. SHIPPING DATA. Contents and data for each
shipping box are given in table 1-9. As indicated, some

items are assembled together and shipped in one box.

10

Revised shipping data for Contract
31638 appears in table 1-9A,

No. AF 33(600)-'

Revised 15 September 1957
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TABLE 1.7

AN 16-30ALA6-2

EQUIPMENT SUPPLIED

TABLE 1-8

EQUIPMENT REQUIRED BUT NOT SUPPLIED

Quantity Quantit
. - T, 4 ;
per Name of Unit Argy l,v‘w{ . ype per Name of Unit Army {Vﬂ”}'.TyPe
Equipment esignaiion Equipment Designation
1 Az.imuth. Indicator, IP-243|ALA-6 1 Mounting Base (for Azimuth | MT-B1D1
including: Indicator IP-243]ALA-6)
1 Viewing Hood, Adapt
jewing Hoo aptet 1 Mounting Base (for Power MT-1227|U
and Clamp
Supply PP-974/ALA-6)
7 Plugs P204 through P210 | UG-260/U
1 Plug P201 AN3108B-28-19S 1 Radio Receiver AN/JAPR-1
AN/APR-4
1 Plug P202 AN3108B-22-15P AN/JAPR-5A or
1 Plug P203 AN3106B-14S-5P similar
1 Power Supply, including: PP-974/ALA-6 #] ea |Cables A through G, Coaxial | RG-62/U
Plug P101 AN3108B-28-19P .
*1 Cable H, Coaxial Fx
1 Plug P102 AN3108B-22-17P
1 Plug P103 AN3108B-16S-4S *1 Cable I, Smgle Conductor ek
1 Plug P104 AN3108B-18-i18 *1 Cable J, Two Conductor wiE
L Fuse, Spare, Type 4AG, 1 Clamp, Cable AN3057-8 or
10 amp AN3057-8A
i Antenna Drive, including: TG-23]ALA-6 *1 Cable K, Four Conductor dk
1 Plug P302 AN3106B-22-158 1 Clamp, Cable AN3057-10 or
AN3057-10A
3 Plugs P304, P306, P307 UG-260/U
1 Antenna Coupler, CU-398/ALA-6 *1 Cable L, Four Conductor o
including: (65_5000 mC) 2 Clamp, Cable AN3057-12 or
AN3057-12A
1 Plug P301 UG-21BJU
1 Antenna Control, including: | C-1246/ALA-6 *1 Cable M, Five Conductor o
1 Clamp, Cable AN3057-6 or
Plug P402 AN3108B-22-17S
1 Allen Wrench, 1/16 inch *1 Cable N, Seven Conductor *
: Clamp, Cable AN3057-16 or
(mounted in antenna
. AN3057-16A
control unit)
1 Mounting (less shock- MT-1428/ALA-6 #1 +Cable O, Seven Conductor i
mounts) 2 Clamp, Cable AN3057-8 or
1 Antenna Assembly, AS-654/ ALA-6 ANB3057-8A
including: Cable P. Eicht Cond N
*1 1Cable ight Conductor #
1 Plug P501 A - ’
us N3106B-168-18 2 Clamp, Cable AN3057-12 or
1 Antenna Assembly AS-655]ALA-6 AN3057-12A
i Antenna Assembly AS-656]/ALA-G
1 Antenna Assembly AS-657|ALA-6 1 Gyro Flux Gate Compass
1 Antenna Coupler, CU-397/ALA-6 1 Compass Junction Box
including: (5000-10,750 mc) 1 Camera Assembly USAF Type 0-20
1 Plug P801 UG-21B|U 1 Viewing Periscope
1 Operating Instructions AN16-30ALAG-1
Handbook *The length of the cable varies with the particalar installa-
1 Service Instructions AN16-30ALAG-2 tion requirements.
Handbook ## The particular type of cable is determined by the install-
1 gve:i}];aulklnsttuctions AN16-30ALAG6-3 ing activity. .
andboo
Used onl ith A A ly AS-654/ALA-G in-
1 Ilustrated Parts AN16-30ALAG-4 FUsed only with Antenna Assembly / "
Breakdown stallation.
NOTE: Cables A through P are identified in figures 5-2
NOTE: All plugs are identified in figures 1-14, 5-28 and 7-15. and 7-15.

12



T.0. 12P3-2ALA6-2

Section |
Paragraph 1-37

TABLE 1-9
SHIPPING DATA, CONTRACT NO. AF 33(600)-19767
Over-all
Contents Dimensions Volume Weight
(Inches) (CuFt) (Pounds)
Name Nomenclature Length Width Depth
Azimuth Indicator IP-243/ALA-6 24-34 17-¥5 15-34 3.9 45
Power Supply PP-974/ALA-6 28-15 11-Yg 12-33 2.3 27
Antenna Drive TG-23/ALA-6 20-14 16-3% 12-53 24 44
Antenna Coupler CU-398/ALA-6
(Assembled and shipped
together. See figure 1-6.)
Antenna Control Mounting C-1246/ALA-6 17-% 11-3% 22 2.6 7
(Assembled and shipped MT-1428/ALA-6
together. See figure 1-7.)
Antenna Assembly AS-654/ALA-6 19-34 17-Y5 15-34 3.0
Antenna Assembly AS-655/ALA-6 19-3/ 19-%4 17-Y 2.25 25
Antenna Assembly AS-656/ALA-6 23-1/ 23-1% 19-15 6.15 35
Antenna Drive TG-23/ALA-6 19-34 16-Yg 28 5.16 51
Antenna Assembly AS-657/ALA-6
Antenna Coupler CU-397/ALA-6
(Assembled and shipped
together, See figure 1-11.)
TABLE 1-9A
SHIPPING DATA, CONTRACT NO. AF 33(600)-31638
Over-all
Contents Dimensions Volume Weight
(Inches) (CuFt) (Pounds)
Name Nomenclature Length Width Depth
Azimuth Indicator 1P-243/ALA-6 24-34 17-15 15-3 3.9 45
Power Supply PP-974/ALA-6 28-1 11-V 12-% 2.3 27
Antenna Drive TG-23A/ALA-6 2378 14-1 10-% 2.0 38%
Antenna Coupler CU-398/ALA-6 19-3/% 12-%g 7-54 1.1 10%%
Antenna Control C-1246/ALA-6 15-33 9-5 18-3; i.6 29%k®
Mounting MT-1428/ALA-6 9-34 63 2-34 0.9 1¥¥%
Antenna Assembly AS-654A/ALA-6 20-1/4 15 15-14 2.8
Antenna Assembly AS-655/ALA-6 19-34 19-34 17-Y4 2.25 25
Antenna Assembly AS-656/ALA-6 23-14 23-1 19-1; 6.15 35
Antenna Assembly AS-657/ALA-6 13-1g 13- 13-15 1.5 13
Antenna Coupler CU-397/ALA-6 19-3/ 12-%g 7-% 1.1 10%%
#*Weights and dimensions are for two units in a shipper.
*¥Weights and dimensions are for three units in a shipper.
##+Weights and dimensions are for six units in a shipper.
##%x\Weights and dimensions are for unit pack. Up to 50 units are assembled in a shipper.
1-37. PHYSICAL DIMENSIONS. The dimensions and
weigh th i i ; i Over-all Dimensions
eights of the units of the equipment are given in Unit CInches) Weicht
table 1-10. 'pouid, )
TABLE 1-10 Length | Width | Height
DIRECTION FINDER GROUP AN/ALA-& Antenna Control 7-%2 5-9%2 3-%¢ 1-%
PHYSICAL DIMENSIONS & WEIGHT C-1246/ALA-6
Mounting 8-254, 41340 2% 14
. Over-all Dimensions . MT-1428/ALA-6
Unit (Inches) Weight Antenna Assembly 16 13-15 12 12-%
(Pounds) AS-654/ALA-6
Length | Width | Height A A ol , ,
- - ntenn 16- 16- 124 13-4
Azllguzlzl; /I;\x(ll‘lgaéor 21-1% 10-%s 7-2%2 | 23-15 A%’.'g?s /EEK.GY % 6% % 3%
- - Antenna Assembly 20 20 1315 9-1%
iy s AP 2 e | 7H | 13 AS-656/ALA-6
Antenna Dri 115 2.7 614 12-3 Antenna Assembly 12-13 11 13-%% 2-1%
TG-23/ALASG e 8 % . AS-657/ALA-6 ’
Antenna Coupler Assembled as part of Antenna Antenna Coupler 2-% 2-% 11-4% 2-%
CU-398/ALA-6 Drive TG-23/ALA-6 CU-297/ALA-6
(65-5000 mc) (5000-10,750 mc)
Revised 15 September 1957 13



Section 1l
Paragraphs 2-1 to 2-9

AN 16-30ALA6-2

SECTION II
SPECIAL TEST EQUIPMENT AND SPECIAL TOOLS

2-1. TEST ERUIPMENT.
2-2. Table 2-1 lists the type of test equipment to be

TABLE

used in the servicing of Direction Finder Group
AN/ALA-6.

2-1

TEST EQUIPMENT REQUIRED FOR MAINTENANCE

Name Designation Alternate Application
Test Unit For Testing
Test Oscillator or Hewlett-Packard Antenna Assembly: TS-189[U To generate radio-fre-
Signal Generator Model 608-A AS-654]/ALA-G quency signals.
614-A AS-655[ALA-6
616-A AS-656/ ALA-6
624-B AS-657/ALA-6

Associated Intercept

Any suitable receiver operating within the

Any equivalent To receive rf signals and

Receiver frequency range of the antenna being used supply video signals to
or tested. Direction Finder
Examples: AN/APR-4 Group AN/JALA-6.
AN/APR-9
Power Supply 115 vac at 400 cps, 1 amp 28 vdc, 10 amp Nomne To supply operating

power to Direction
Finder Group
AN/JALA-6.

Oscilloscope Tektronix 511-AD

Dumont Model
No. 241

To check waveforms in
video circuits.

Vacuum Tube Voltmeter Radio City Model No. 662

To check a-c and d-c
voltages and resist-
ances.

Or equivalent

Electron Tube Tester Hickok Model 539A

Hickok 538 To test electron tubes.

Pulse Voltage Divider TS-89/ AP

Or equivalent. To reduce pulse voltage

level.

Pulse Generator Hewlett-Packard Model 212A

Or equivalent. To generate test pulses.

Capacitor Tester Oxford-Tartac Model CT-400

Or equivalent. To test condensers.

2-3. SPECIAL TOOLS NOT REQUIRED.

2—4. There are no special tools required for servicing
Direction Finder Group AN/ALA-G.

2-5. CABLE FABRICATION.

2-6. Complete information for the fabrication of co-
axial cables is listed in table 2-2. For the installation
of plugs on coaxial cables A, B, C, D, E, F, G, and H,
refer to the illustration of figure 2-1.

2-7. The interconnecting cables required for an AN/-
ALA-G installation are illustrated in figure 7-15. Plugs

14

for these cables ate supplied, as listed in table 7-1 and
shown in figure 1-14. Bulk cable for making up the
required lengths of interconnecting cables for the par-
ticular installation is to be obtained from general supply.

2-8. Fabrication data for the coaxial cables, A through
H, is given in figure 2—1 and table 2-2.

2-9. Fabrication data for the multi-conductor cables, I
through P, is given in table 2-3; and details of an AN
plug, typical of those listed in table 2-2, are illustrated
in figure 2-2.
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AN 16-30ALA6-2

TABLE 2-2

COAXIAL CABLES, PLUGS AND JACKS

Antenna Assembly
AS-657/ALA-6

From To
Cable Type of Cable Plug Type of Plug
Equipment Jack Equipment Jack !
A Azimuth Indicator J208 Compass junction Box** RG-59/U P208 UG-260[U
IP-243]ALA-G
B 1P-243 | ALA-6 J209 Compass Junction Box** RG-59/U P209 UG-260/U
C IP-243 | ALA-G J210 Compass Junction Box** RG-59/U P210 UG-260/U
D IP-243[ALA-G J204 Receiver Output®* RG-359/U P204 UG-260/U
E IP-243]ALA-6 J207 Antenna Drive J307 RG-59/U P207 UG-260/U
TG-23/ALA-6 RG-59/U P307 UG-260/U
F IP-243|ALA-6 J206 TG-23/ALA-6 J306 RG-59/U P206 UG-260/U
RG-59/U P306 UG-260/U
G IP-243/ALA-6 J205 TG-23]ALA-6 J305 RG-59/U P205 UG-260/U
RG-59/U P305 UG-260/U
H Antenna Coupler J301 Receiver Antenna RG-9/U P301 UG-21B/U
CU-398/ALA-G Inputk*
For:
Antenna Assemblies
AS-654]ALA-6
AS-655/ALA-6
AS-G56/ALA-G
Also
Antenna Coupler Jso1 Receiver Antenna RG-9/U P801
CU-397|ALA-6 Input®*
For:

# See figure 7-15 for use of each cable.

*% Not supplied.

16
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TABLE 2-3

MULTI-CONDUCTOR CABLE FAERICATION

From To From To
Cable Via Wire
Unit Jack Unit Jack Type of Plug Pin Plug Pin
I Antenna Drive J302 Compass¥ —— | AN3106-22-158 (P302) ~—— | See Camera — —_
TG-23/ALA-6 requirements
] Aircraft electrical ——— Power Supply J103 | See power requirements —— | No. 18, AWG AN3108B-168-4S (P103) A
power supply PP-974/|ALA-G No. 18, AWG AN3108B-16S-4S (P103) B
K Aircraft electrical —_ Power Supply J104 | See power requirements —— | No. 18, AWG AN3108B-18-11A (P104) A
power supply PP-974/ALA-6 —— | No. 14, AWG AN3108B-18-11A (P104) B
—— | No. 18, AWG AN3108B-18-11A (P104) C
_— No. 14, AWG AN3108B-18-11A (P104) D
L Azimuth Indicator J202 Antenna Drive J302 | AN3108B-22-15P (P202) A No. 14, AWG | AN3106-22-15S (P104) A
IP-243/ALA-6 TG-23]ALA-G AN3108B-22-15P (P202) B No. 14, AWG | AN3106-22-15S (P104) B
AN3108B-22-15P (P202) C No. 14, AWG AN3106-22-15S (P104) C
AN3108B-22-15P (P202) | D No. 14, AWG | AN3106-22-15S (P104) D
M Aximuth Indicator J203 Remote Control —— | AN3106B-14S8-5P (P203) ——— | See Remote —_— —_—
IP-243/ALA-6 Box* Control Box*
requirements
N Power Supply Jio1 Azimuth Indicator J201 | AN3108B-28-19P (P101) A No. 18, AWG AN3108B-28-19S (P201) A
PP-974|ALA-6 IP-243 | ALA-6 AN3108B-28-19P (P101) B No. 18, AWG AN3108B-28-19S (P201) B
AN3108B-28-19P (P101) C No. 14, AWG | AN3108B-28-19S (P201) C
AN3108B-28-19P (P101) H No. 20, AWG AN3108B-28-19S (P201) H
AN3108B-28-19P (P101) ] No. 14, AWG AN3108B-28-19S (P201) J
AN3108B-28-19P (P101) K No. 14, AWG | AN3108B-28-19S (P201) K
AN3108B-28-19P (P101) L No. 20, AWG AN3108B-28-19S (P201) L
o Antenna Control J4o1 Antenna Assembly J501 )} AN3108B-16S-1P (P401) A No. 18, AWG | AN3106B-168-1S (P501) A
C-1246]ALA-6 AS-654|ALA-6 AN3108B-16S-1P (P401) B No. 20, AWG AN3106B-16S-1S (P501) B
AN3108B-168-1P (P401) C No. 20, AWG | AN3106B-16S-1S (P501) C
AN3108B-16S-1P (P401) D No. 20, AWG AN3106B-16S8-18 (P501) D
AN3108B-16S-1P (P401) E No. 14, AWG | AN3106B-16S-18 (P501) E
AN3108B-16S-1P (P401) F No. 20, AWG AN3106B-16S8-18 (P501) F
AN3108B-168-1P (P401) G No. 14, AWG AN3106B-168-1S (P501) G
P Powes Supply J102 Antenna Comurol J402 AN3108B-22-17P (P102) A No. 18, AWG AN3108B-22-17S (P402) A
PP-974]ALA-6 C-1246]ALA-6 AN3108B-22-17P (P102) B | No. 18, AWG | AN3108B-22-17S (P402) B
AN3108B-22-17P (P102) C No. 16, AWG | AN3108B-22-17S (P402) C
AN3108B-22-17P (P102) D | No. 20, AWG | AN3108B-22-17S (P402) D
AN3108B-22-17P (P102) E No. 20, AWG | AN3108B-22-17S (P402) E
AN3108B-22-17P (P102) F No. 20, AWG | AN3108B-22-178 (P402) F
AN3108B-22-17P (P102) G No. 14, AWG | AN3108B-22-17S (P402) G
AN3108B-22-17P (P102) H No. 14, AWG AN3108B-22-17S (P402) H

# Not supplied.
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AN 16-30ALA6-2

SECTION
PREPARATION FOR USE

3-1. PACKING.

3-2. The units of Direction Finder Group AN/ALA-6
are packed three different ways; namely, (1) for export
shipment, (2) for domestic shipment, and (3) for com-
mercial shipment.

3-3. EXPORT PACKAGING AND PACKING. A
wood box is used as the shipping container for export
shipments. Typical examples are shown in figure 3-1.
This box is lined with a waterproof paper and sealed
water-tight when closed. Inside the shipping box is
packed one package of equipment (except for the An-
tenna Control C-1246/ALA-6, which is generally
packed six packages to the wooden shipping box). The
units of the equipment are packaged in double fiber-
board cartons with a waterproof, vaporproof barrier be-
tween the inner carton and the outer carton. With the
equipment inside the inner carton are placed bags of a
desiccant, which absorbs moisture and keeps the equip-
ment dry inside the vaporproof barrier. Various corru-
gated fiberboard fillers, trays, plates, etc., and wooden
cradles are used to fit the particular unit into the inner
carton and protect from damage, as illustrated in fig-
ures 3-2 through 3-6.

34, DOMESTIC PACKAGING AND PACKING.
Equipment for domestic shipment is packaged the same
as for export, but is not packed in a wood shipping con-
tainer. The outer carton of the double-carton package
serves as the shipping container. See figure 3-1. The
vaporproof barrier, humidity indicator, and desiccant
are included and the other details of each package are
the same. See figures 3—2 through 3-6.

3-5. COMMERCIAL PACKAGING AND PACKING.
Equipment for commercial shipment is packaged and
packed in the same manner as equipment intended for
domestic shipment except that no vaporproof barrier,
humidity indicator, or desiccant is included. The details
inside each package are illustrated in figures 3-2
through 3-6, except that the desiccant is omitted. An
outer fiberboard carton is used as the shipping container
without a barrier or humidity indicator; see figure 3-1.

3-6. GENERAL UNPACKING PROCEDURE. To
unpack a unit of AN/ALA—6 equipment proceed as fol-
lows. Use care to preserve the shipping containers,
packages and packaging materials as much as possible
for future use in reshipment or storage of the equip-
ment.

Step 1.

Step 2.

Step 3.

Step 4.

Step 5.

Step 6.

Step 7.

Step 8.

Section 1ll
Paragraphs 3-1 to 3-6

(3]
AND RESHIPMENT

If the shipping container is a wood box, break
the steel binding straps, remove the nails from
the top cover with a nail puller, and lifc off the
cover.

Turn the box over carefully and lift it off the
fiberboard carton(s).

Open the outer fiberboard carton by tearing
open the flaps or cutting off the top with a
guarded-blade type opener. (This carton is the
shipping container for domestic or commercial
shipments.)

Open the barrier bag (not in domestic) by
cutting it off right next to the closing seam, so
it can later be resealed; and inspect the humidity
indicator. A blue color on the indicator shows
that it has remained dry inside the barrier; a
pink color indicates that the moisture content
of the air inside the package is above the pre-
scribed limit. If the equipment has been stored
for a long time under high humidity condi-
tions, its performance may be affected.

Open the inner carton and remove the con-
tents. See figures 3-2 through 36 for details.
Remove all packaging materials. Dismount
items from wood cradles by removing the
mounting bolts.

Check the items of each package against the
packing list (if any) and against the items
listed in table 1-7.

Inspect all items carefully for any damage in-
curred during shipment or long-time storage.
Look for scratches, dents, bent handles, broken
or bent receptacles, loose screws or nuts, and
rust or corrosion. Turn each control to see that
it rotates freely and smoothly. Report any ap-
parent damage to the Officer-in-Charge, If the
units appear normal, they are ready for installa-
tion and use.

Store all packaging and packing materials, ex-
cept the humidity indicator and desiccant, in
the shipping container for future use.

19
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Paragraphs 3-7 to 3-10

3-7. INTERCOMPONENT CABLING,

3-8. The cabling required to interconnect the units of
Direction Finder Gioup AN/ALA-6 for regular use is
illustrated in figure 7-15 and their fabrication is de-
scribed in paragraph 2-5.

3-9. REPACKAGING AND PACKING FOR
RESHIPMENT OR STORAGE.

3-10. Whenever it becomes necessaty to reship or store
the equipment, repackage and repack it as follows:

Step 1. Reassemble the packaging material and unit,
with its plugs, in the inner carton as indicated
in the corresponding figure of 3-2 through 3-6.
Insert the proper amount of fresh desiccant for
domestic or export shipment or long-time
storage.

Step 2. Seal the inner carton with approved tape.

Step 3. Insert the inner carton into the barrier bag and
insert both into the outer carton. Place a fresh

20
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Step 4.

Step 5.

Step 6.

Step 7.

humidity indicator on top of the inner carton.
Barrier and indicator are not used for com-
mercial shipment or temporary storage under
good conditions.

Remove excess air from the barrier bag with a
suction exhaust or by folding it to conform
closely to the shape of the inner carton, and
seal the barrier (vaporproof) in an approved
manner,

Close and seal the outer carton with an ap-
proved tape over each seam and crack. This
carton is the shipping container for domestic
or commercial shipment.

For export shipment, place the package(s) in
the wood shipping box, nail on the cover, and
strap the box with steel straps according to the
approved method.

Label the shipping container to indicate the
contents, etc.
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INNER CARTON; "EXPORT"
"DOMESTIC" &

. : HUMIDITY BARRIER (NOT USED FOR COMMERCIAL SHIPPING)
COMMERCIAL:

HUMIDITY INDICATOR (NOT USED FOR COMMERCIAL SHIPPING

s ——
e —— A.‘L-L’

HUMIDITY INDICATOR
LOCATING LABLE
(NOT USED FOR "COMMERCIAL"
SHIPPING)——

|

i
\

AL

W

I
IR

\Q

=

"COMMERCIAL" 8 "DOMESTIC" BOXES FOR
SHIPPING ——

L

B SEDESTAL

CORRUGATED FIBERBOARD

\ OUTER CARTON (USED FOR

- "DOMESTIC" 8 "COMMERCIAL"

T~ SHIPPING CONTAINER)
: CcoPY

, 7
o —— LABEL

MULTIPLE UNIT PACKING

WOODEN CASE USED FOR "EXPORT" SHIPPING SINGLE UNIT PACKING

WATER TIGHT SEAL

Figure 3-1. Shipping Containers (Typical)
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3 16-UNIT DESICCANT BAGS
(MIL-D-3464 )

INNER CARTON

PLUGS IN TRAP

TAPE

Figure 3-2. Packaging of Azimuth Indicator IP-243/ALA-6
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Section 111

6 16 —UNIT
DESICCANT BAGS TOP PLATE
(MIL-D-3464)

| 8-UNIT
DESICCANT BAG

WOODEN CRADLE

INNER
8-SIDED
BRACE

8 I6-UNIT
DESICCANT BAGS
( TIE THROUGH
HOLES IN CRADLE)
WRAP
SLIP-RING
BRUSH
ASSEMBLY

g,-fg% ‘.

! i“%@:nmnuuz;-ys

DRIVE UNIT

T WEBBING
ANTENNA UNiT o ( STAPLE
S 70
CRADLE)
CORRUGATED
6-SIDED

STAND-OFF

ANTENNA UNIT
INNER PAD PANEL

CENTER PAD PANEL
OUTER PAD PANEL

ﬁNER T INNER CARTON

CARTON

ANTENNA ASSEMBLY AS-656/ALA-6

ANTENNA ASSEMBLY AS-657/ALA-6
MOUNTED AND PACKAGED WITH
ANTENNA COUPLER CU-397/ALA-6
AND

ANTENNA DRIVE TG-23/ALA-6

Figure 3-5. Packaging of Antenna Assembly AS-656/ALA-6 and AS-657/ALA-6
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AN 16-30ALA6-2 Section 1V

Paragraphs 4-1 fo 4-6

SECTION IV
THEORY OF OPERATION

4-1. GENERAL SYSTEM AND FUNCTIONAL
OPERATION.

4-2. PURPOSE. Direction Finder Group AN/ALA-6 is
an aitborne electronic equipment which displays re-
ceived radar (or radio) signals on a cathode-ray screen
having a calibrated scale from which the relative bearing
of the received signal can be read in degrees. It will
also display a line on the screen which is a repeat of the
aircraft’s gyro flux-gate compass reading and which
thus indicates the aircraft heading in degrees. When
these two readings are added they give the magnetic
bearing of the received signal. See figure 1-2. AN/
ALA-6 operates in the radio frequency range of 65
through 10,750 megacycles.

4-3. ASSOCIATED RECEIVER. A radar or radio re-
ceiver (not supplied) is used in conjunction with AN/-
ALA-6 units to tune in the signal to be observed and

to deliver the signal’s video component as gutput to the
AN/ALA-6 equipment.

44. DIRECTIONAL ANTENNAS. The direction find-
ing function of the AN/ALA—6 equipment is dependent
upon using directional antennas, four of which are re-
quired to cover the complete frequency range. These
are described in paragraphs 1-12 through i-15 and
listed in table 1-1. Only one antenna is used at a time.
As the antenna is rotated by the Antenna Drive, the
strength of any given signal received will be directly

related to the direction of the antenna, rising to a peak
when the antenna points directly toward the signal and
falling off relatively as the antenna moves away from
the signal.

4-5. RESOLVER. A resolver is used to produce a dis-
play on the cathode-ray tube screen of the equipment
which indicates direction. The resolver is mounted in
the Antenna Drive and mechanically coupled so that
its rotor follows the rotation of the antenna. Amplified
received video signal is fed to the rotor, Outputs from
the two stator windings of the resolver are used respec-
tively to produce vertical and horizontal deflection on
the screen of the cathode-ray tube. The sweep of the
CRT is radial, from the center out, in any direction.
With the Direction Finder Group propetly installed in
an aircraft, the antenna, resolver, and circuits are ar-
ranged so that when the antenna is pointed straight
ahead, signal is displayed as a line from center screen
toward zero degrees. When the antenna points straight
to the right, signal is displayed as a line from center
screen toward 90 degrees. When pointed straight back
the line is toward 180 degrees; to the left, 270 degrees;
and so on. See figure 4-1.

4-6. DIRECTIONAL PATTERN. Since the length of
the line on the display screen is proportional to the
strength of signal received, the longest line will occur
when the antenna points directly toward the signal.
Radar signals are pulsed; and as the antenna rotates, a

ANTENNA
POINTED
STRAIGHT
AHEAD
DISPLAY rily\
LINE AT
ZERO

ANTENNA
POINTED
RIGHT

Wy, 180

DISPLAY fé:\ -
LINE AT
90°

Figure 4-1. Directionai Relationship of Anfenna to Azimuth Scale

27



Section IV
Paragraphs 4-7 to 4-14

radial line is displayed for each pulse, the length being
a direct function of the relative strength received from
that direction. See figure 4-2. Thus Azimuth Indicator
IP-243/ALA-6 displays a pattern from which relative
bearing of a received signal can be read with reasonable
accuracy. This is read in degrees of relative bearing ref-
erenced to the aircraft heading. Many patterns and in-
terpretations of patterns are illustrated and discussed in
Handbook of Operating Instructions AN16-30ALAG-1.
The long retentivity of the cathode-ray screen and the
repetition of the pattern for each rotation of the an-
tenna cause the patterns to remain continuous on the
screen.

4-7. COMPASS-BOX RESOLVER. A second resolver
(not supplied), used to give an indication of aircraft
heading on the CRT screen, is located in the compass
junction box. Its rotor is made to follow the compass
so that a display of signal from its stator windings pro-
duces a straight radial line on the CRT which repeats
the flux-gate compass reading in degrees. This is the
aircraft heading as referenced to magnetic north. The
Azimuth Indicator uses a blocking oscillator to produce
a pulsed signal to feed to the rotor of this resolver.

4-8. BLOCK DIAGRAM. Figure 4-3 is a block diagram
of the AN/ALA-6 system. The r-f signal collected by
the antenna is fed to the receiver. The receiver selects
one desired signal through tuning and demodulates the
video component, which is fed to the Azimuth Indica-
tor. An amplifier system in the Indicator feeds video
signal to the resolver rotor. Voltages induced into the
resolver’s two stator windings are fed respectively to the
vertical and horizontal deflection amplifiers of the Azi-
muth Indicator causing it to deflect the spot at an angle
related to the rotor position and thus display the relative
bearing of the received signal.

AN 16-30ALA6-2

4-9. The Azimuth Indicator controls the rate of rotation
of the Antenna Drive by controlling the drive motor
voltages. Two speeds are provided, nominally 150 rpm
and 300 rpm.

4-10. Two of the Antenna Assemblies, AS-655/ALA—6
and AS-656/ALA-6, each have a vertical and a hori-
zontal antenna. The Azimuth Indicator has a vertical-
horizontal switch which enables the operator to select
the antenna polarization which gives the best signal
display. This switch has no effect on the other two
antennas.

4-11. Low-frequency Antenna Assembly AS-654/-
ALA—6 must be tuned to the frequency of the signal.
This tuning is done remotely by Antenna Control
C-1246/ALA-6, which is used only when the AS-
654/ALA-6 is installed with the Group.

4-12. As indicated in the block diagram, there is a
power supply for the Azimuth Indicator and the An-
tenna Control, which is energized from the aircraft
power system, Voltages from the flux-gate compass
resolver are fed to the Azimuth Indicator for display
of aircraft heading, and a circuit is provided for remote
control of the VERT.-HOR. switch, and EXPANDER
and GAIN controls.

4-13. ANTENNA LOCATION ON THE AIRCRAFT.
The Antenna Assembly is usually suspended below the
aircraft at the lowest point available and covered by a
radome (not supplied). The Antenna Drive is normally
located inside the aircraft with its drive shaft extending
through the “skin” of the aircraft to engage and mount
the Antenna Assembly.

4-14. The directional accuracy of an antenna assembly
may be affected by reflections from adjacent metal suz-

.  PATTERN
R, DISPLAYED

DIRECTION OF
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Paragraphs 4-15 to 4-16

faces of the aircraft body and by other effects of the
installation. These effects may cause deviation errors in
the relative bearings read on the Azimuth Indicator. For
dependable accuracy from any installation the relative-
bearing indications must be flight checked and a chart

of deviations made for use by the operator to correct
his readings.

4-15. DETAILED CIRCUIT ANALYSIS: AZIMUTH
INDICATOR iP-243 /ALA-6.

4-16. GENERAL. (Figure 44.) The function of the
Azimuth Indicator unit is to display the intelligence
received and developed by the equipment. The Azimuth
Indicator amplifies the signal received from the asso-
ciated radio receiver and supplies it to the tesolver in
the Antenna Drive unit. It also generates and supplies
a pulsed signal to the resolver in the associated gyro
flux-gate compass. The resolvers are two-phase rotary,
synchro transformers that have two stator windings
having a fixed 90-degree phase relationship with each
other, but variable with respect to a rotor winding.
When a pulsed or ac voltage is applied to the rotor, the
output of each stator will vary in voltage with the angu-
lar relationship between the stators and the rotor, ac-
cording to the sine and the cosine functions, respec-
tively. The rotors of the two resolvers are mechanically
connected respectively to the Antenna Assembly and to
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the compass. The Azimuth Indicator receives returned
voltages from both resolvers, amplifies them, and ap-
plies the stator “sine” and “cosine” voltages respectively
to vertical and horizontal deflection plates of the cath-
ode-ray tube. Simultaneously, separate deflections re-
sult, indicating relative bearing of received signal and
aircraft heading; or these can be displayed separately, as
desired by the operator. Azimuth bearings are read on
an illuminated 360° dial within the bezel on the front
panel of the Azimuth Indicator. All operating controls
of the equipment (except those of Antenna Control
C-1246/ALA-6) are also on the front panel of this
upnit. The associated equipments, (not supplied) the
receiver and the flux-gate compass, have their own opet-
ating controls. For convenience in describing in detail
the circuitry and theory of operation of the Azimuth
Indicator, it is divided into the following sections:

a. Inverter and Video Amplifier (Figure 4-6).
b. Expander Diode and Summing Amplifier

(Figure 4-7).

¢. Video Cathode Follower and Beam Modulator
(Figure 4-8).

d. Blocking Oscillator and Cathode Follower
(Figure 4-9).

e. Isolation Amplifiers (Figure 4-10).

|
VIDEO
’ | INPVHEARSTEER Exg foNoDEER CATHODE
VIDEO VIDEO FOLLOWER M
| rReceverR f—————a  anp anp L YIDEQ Gf TER T | BEANM MODULATION
| [ VIDEO Asugmme BEAM
L N AMPLIFIER MPLIFIER MODULATOR
==
' ANTENNA |
DRIVE |
| RESOLVER
L —Jl—!‘ SIN
—_— VERTICAL PHASE | vERTICAL CRT
SINE INVERTERS
ISOLATION AND
COSIN AND RV
AMPLIFIERS |HORIZ ONTAL| DEFLECTION | HORIZ ONTA suPALY
— —-—— COSIN AMPLIFIERS
BLOCKING |
OSCLLNLDATOR PuLSE | COMPASS |
CATHODE | RESOLVER
FOLLOWER
L2

Figure 4-4. Azimuth Indicator IP-243/ALA-6, Simplified Functionul Block Diagram
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t, 1o-Channel Phase Inverter and Deflection Am-
piifiers (Figure 4-11).

g. Cathode-Ray Tube and High Voltage Supply
(Figure 4-12),

h. Operational Switching and Power Circuitry
(Figure 4-13).

A functional block diagram showing the functions and
relationship of the vacuum tubes is shown in figure 4-5,
Azimuth Indicator IP-243 /ALA-6, Vacuum Tube Func-
tional Block Design. A complete schematic of Azimuth
Indicator IP-243/ALA—6 is given in figure 7-1.

4-17. INVERTER AND VIDEO AMPLIFIER
(Figure 4-6.)

4-18. This section of the unit receives the video signal
from the associated receiver, amplifies it, and provides
signals of proper polarity for the stages that follow.
The inverter V201A is used only when the receiver de-
livers negatively-polarized pulses, and it has only nomi-
nal gain. Video-amplifier stage V202 amplifies the
signal and passes it on to the summing amplifier and

Section IV
Paragraphs 4-17 to 4-20

the expander diode. Video gain control in the Azimuth
Indicator is accomplished by varying the grid bias, and
hence the gain, of V202, The GAIN control adjusts
the radial size of the received signal display on the
cathode-ray screen.

4-19. The pulses in the associated receiver’s output may
be either negatively or positively polarized. The pulse
polarity switch S201 is set to match the receiver output
at the time of installation. The receiver output is fed
to J204 where R201 serves as a load resistor. C201
couples the signal to the pulse polarity switch 5201,
which has two positions. In the negative position, as
shown, the signal is fed to the grid of V201A and the
plate of V201A is connected to the grid of V202
through coupling capacitor C205 and anti-parasitics
resistor R284. When S201 is in the positive position, the
signal is bypassed around V201A to the coupling capa-
citor C205. In this way, by the addition or omission of
a phase inverting stage, the signal pulses can always be
of the desired positive polarity at the grid of V202,

4-20. The purpose of inverter V201A is to reverse the
pulse polarity when necessary, without added gain. R206

EXPANDER
FROKAT . INPUT VIDED DIODE AND VIDEO BEAM g(E)Ah(iATF}ag?AENRAY TUB_%
A | | |
;:(SEWERD I’?\R/IEIERFIE; r AMPLIFIER B AipLIRER P F%AL-{_HO%‘I)EER P MODUZL&TOR ¢ CRel
V20IA va202 \\//%%? V204 v
i —
»
PULSE POLARITY - v
SWITCH
ISOLATION ISOLATION
AMPLIFIER AMPLIFIER
TO ANTENNA RESOLVER ROTOR P P B veos V209
. -
FROM ANTENNA RESOLVER STATOR . o ‘L ]
» v v
RELATIVE MAGNETIC
FROM ANTENNA RESOLVER STATOR o BEARING SIGNAL 2~ CHANNEL
v PHASE
INVERTER
V210
TO COMPASS RESOLVER ROTOR ¢ i
FROM COMPASS RESOLVER STATOR > VERTICAL HORIZONTAL
DEFLECTION DEFLECTION
RELATIVE MAGNETIC AMPLIFIER AMPLIFIER
FROM_COMPASS RESOLVER STATOR HEADING SIGNAL Vel Va2
CRT X CRT
BLOCKING OBSL(?IEEKYI%R HIGH VOLTAGE RSN : S'EOFRL‘EE’%-N
OSCILLATOR |—#| GATHODE > SUPPLY PLATES | PLATES
V206 FOLLOWER vaz | _RATES ,  PLATES |
vaor CATHODE-RAY TUBE V214

Figure 4-5. Azimuth Indicafor IP-243/ALA-6, Electron Tube Functional Block Diagram
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Figure 4-6. Azimuth Indicator Partial Schematic, Inverter and Video Amplifier

is the plate-loading resistor for V201A; its value is low
and the gain of the stage is thus kept low. R202 pro-
vides grid return, bypassed to ground by C202 which
also filters the bias voltage.

4-21. The plate load tesistor of video amplifier pentode
V202 is R214. R215 and C211 are its screen dropping
resistor and bypass capacitor. The gain of the stage is
varied by adjusting the gain control R216, which with
R213 forms a variable voltage divider for bias. C207,
R212 and C208 form a decoupling network between the
grid return resistor R211 and the bias voltage. The out-
put of V202 is negatively pulse polarized and is applied
to the summing amplifier V203 and its controlling ex-
pander diode, V201B.

4-22. EXPANDER DIODE AND SUMMING AMPLI-
FIER. (Figure 4-7.)

32

4-23. In this section of the unit, the signal is further
amplified. Also, at the control of the operator, signals
of greater than a set value of amplitude are amplified
more than signals of lesser amplitude. This signal volt-
age expansion affects the signal bearing indication on
the cathode-ray tube; causing the center trace of the pat-
tern to be amplified more than the weaker side traces,
thereby causing the indication to be more definite.

4-24. The output of summing amplifier V203 is the
sum of amplitudes resulting from gains for the separate
inputs to its two control grids. From the plate of V202,
(figure 4-6) the signal is supplied in two parallel
paths: One path is direct to grid 3 of V203 through
coupling capacitor C210 and anti-parasitics resistor
R217. The other path is through the expander diode
V201B toe grid 1 of V203. C206 and C209 provide a
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Figure 4-7. Azimuth Indicaior Partial Schematic, Expander Diode and Summing Amplifier

path for the signal while isolating the d-c paths through
R207 and R208 which, with the adjustable voltage di-
vider formed by R209 and the expander control R210,
establish the bias conditions of operation of the diode.
C204 provides signal return to ground as well as some
filtering of bias voltage.

4-25, The output of V203 is controlled by the signal
pulses to both of its conttol grids. The signal in the
path through to grid 3 is directly amplified by the pen-
tode. Whereas, the signal that is applied to grid 1
through the expander diode V201B is dependent on the
bias operating point of the diode. When R210 is at the
extreme counterclockwise, or OFF position, the diode
anode (formed by grid and plate tied together) is
biased some 14 volts negatively. In this position, only
signal pulses of amplitude large enough to overcome
this value will be conducted through the diode to grid
1 of VR203. For signals of less than the bias voltage of
the diode, grid 1 of V203 will receive no signal, and
no gain is achieved. At the control of the operator, the
delay bias can be reduced to the operating range of
signal amplitudes so that the portion of the signal that
is greater than the diode bias can be conducted through

to grid 1 of V203 to be amplified thereby. As grid 1
has much more effect on gain than grid 3, the output
of V203 is considerably affected by control of bias of
the expander diode. At the proper value of control,
depending on signal strength and interdependent with
V202 gain control setting, the required amount of ex-
pansion for the most definite indication will be
obtained.

4-26. The plate load resistor of summing amplifier pen-
tode V203 is R222. R223 and C213 are its screen drop-
ping resistor and bypass capacitor. The grid returns,
R218 and R220, of grids 3 and 1 are both connected
to the junction of R221 and R219 which form a voltage
divider for bias. C212 provides common signal return
to ground as well as some filtering of bias voltage. The
function of CR201 is to clamp the zero level of nega-
tively polarized pulses at ground potential and to limit
any positive signal voltage surges that may come
through the amplifier at this point by shorting the grid
to ground for positive voltages. The output of V203 is
positively pulse polarized and is applied to the video
cathode follower, V204.
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4-27. VIDEO CATHODE FOLLOWER AND BEAM
MODULATOR. (Figure 4-8.)

4-28. One stage of this section of the unit supplies the
video signal voltage developed in the Indicator unit to
the resolver in Antenna Drive TG-23/ALA-6, and the
other stage provides a means of applying signal voltage
to the CRT for modulating its electron beam propor-
tional to signal level. This is to maintain equal intensity
of the signal bearing indication, despite the wide range
of signal amplitudes that are received.

4-29. From the plate of V203, (figure 4-7) the video
signal is applied to the grid of the video cathode fol-
lower V204 through coupling capacitor C214. R225
and R224 provide grid return for the stage, with C215
bypassing R224, for decoupling. R224 and R226 form
a voltage divider for bias, R227 is the output load re-
sistor of the cathode follower stage. C234 acts to set
the limits of high frequency response of the video sys-
tem as well as bypasses any r-f that may have gotten
through to this point. From the cathode of V204, the
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signal is supplied, positively pulse polarized, to J205
which feeds the rotor of the resolver in the Antenna
Drive unit.

4-30. The beam modulator V205 is fed from the
cathode of V204. The signal is applied to the series net-
work of R228, diode CR202, and the variable arm of
the beam modulation control. The top end of R230 is
at some 21 volts positive through dropping (and signal
isolating) resistor R229. Adjusting R230 will place
potentials of from 0 to +21 volts at the cathode of
diode CR202.

4-31, From the anode of diode CR202, the signal is
applied to the grid of V205 through coupling capa-
citor C216. When the variable arm of R230 is at its
grounded end, diode CR202 shorts the signal positive
pulses to ground, and no signal for beam modulation
will be supplied to the beam modulator. As R230 is
progressively adjusted toward its 21-volt end, signal
voltages, if present, in amplitude to the amount of the
bias adjustment, are available to the grid of the beam

VIDEO
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FROM PLATE _L
OF c214

SUMMING
AMPLIFIER
V203
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270K
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R224 R227
Ol | 560K 1000 ’ l {000 UUF
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Figure 4-8. Azimuth Indicator Partial Schematic, Video Cathode Follower and Beam Modulator
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modulator for amplification into beam modulation volt-
ages, for application to the CRT cathode circuit. At the
control of the operator and interdependent with V202
gain, diode V201B expansion, and CRT INTENSITY
control, the amount of beam modulation is adjusted so
that the intensity of CRT indications is equal for nearly
all values of signal amplitude.

4-32. The normal pulse polarity of signal voltages from
the cathode follower is positive. Diode CR203 will ef-
fectively short to ground any negative pulse surges that
may have come through the amplifier.

4-33. Beam modulator V205 is operated between triode
and pentode conditions. R231, which is the largest part
of the plate load, is common to both plate and screen

Section IV
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circuits, There is an additional plate-load resistor, R232,
in series with R231, The screen resistor, R233 is con-
nected to the unbypassed mid-point of R231 and R232,
causing the stage to have less gain than a pentode and
more gain than a triode. This is further made possible
by the connection of the screen bypass C217 to the
cathode instead of to ground. R235 is the cathode re-
sistor, and R234 is the grid return. From the plate of
V205, the beam modulation voltage is supplied nega-
tively pulse polarized to the cathode-ray tube.

434, BLOCKING OSCILLATOR AND CATHODE
FOLLOWER. (Figute 4-9.)

4-35. This section of the unit produces a pulsed voltage
and supplies it to the rotor of the resolver that follows
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Figure 4-9. Azimuth Indicafor Partial Schematic, Blocking Oscillator and Cathode Follower
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the rotation of the Direction Finder Group’s associated
gyro flux-gate compass. The separate voltages induced
in the stator windings of this resolver are returned to
the Azimuth Indicator to indicate aircraft heading. This
indication is in the form of an angularly displaced ra-
dial line on the cathode-ray tube screen. The length of
the line is controlled by the operator by the TRUE HD.
control.

4-36. V206A is a 1500-1600 cps sine-wave oscillator in
which the grid is driven positive during half of the
cycle. Sufficient grid current flows into C219 during
this half cycle to block further oscillation. The grid
leaks off through R237 and the tube again conducts.
Thus the output is a series of narrow pulses separated
by the grid recovery time. The terminals between 1—4
and 5-2 of transformer T201 provide the plate to grid
feedback. A tertiary winding, terminals 3-6, supplies the
output pulse that is fed to the cathode follower through
coupling capacitor C220. R236 and C218 are used to
decouple the circuit from the power supply. All the
elements of V206B are connected to ground and it has
no function.
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4-37. The cathode follower stage, V207, provides iso-
lation and an impedance match to the rotor of the
gyro flux-gate compass resolver. Also in this stage, the
amplitude of the pulse, and thereby the length of the
indicating line, is controlled by the operator by varying
the arm of TRUE HD. control R238. R240 and R239
form a voltage divider for bias with C221 providing
signal (pulse voltage) return to ground and bias de-
coupling. V207 operates as a triode with plate and grid
number 2 tied together. The output of the cathode fol-
lower is across R241 and is connected to J208 for supply
to the compass resolver rotor. Diode CR204 shorts out
any negative pulse component of the waveform and the
output is positively pulse polarized.

4-38. ISOLATION AMPLIFIERS. (Figure 4-10.)

4-39. Isolation amplifiers, V208A-V208B and V209A-
V209B separately amplify the voltages returned from
the stators of the Antenna Drive and the compass re-
solvers. V208A and V208B amplify the voltages used
for vertical deflection of the cathode-ray tube indicating
beam. V209A and V209B amplify the voltages used for
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horizontal deflection. As signal bearing and aircraft
heading are indicated simultaneously in the presence of
a detected signal, the vertical voltages from the re-
solvers, while applied for amplication and isolation to
the separate grids of V208, are paralleled at the plates
and fed to the following stages. Likewise, the horizontal
voltages from the two resolvers are separately applied
to the grids of V209, paralleled at the plates and fed
to the following stages. A circularity control is included
in this section of the Azimuth Indicator to set the gain
of the vertical amplifier so that the vertical and hori-
zontal deflections are equally proportionate to signal
voltages from the resolvers, despite differences between
the vertical and horizontal deflection systems.

4-40. The vertical and the horizontal voltages from the
stators of the Antenna Drive unit resolver are returned
respectively to J207 and J206 which feed the grids of
V208A and V209A. R243 and R246 load the stator
windings as well as provide grid returns. The vertical
and horizontal voltages from the stators of the compass
resolver are returned respectively to J210 and 209
which feed the grids of V208B and V209B. R248 and
R251 load the stator windings of this second resolver as
well as provide grid returns for the tubes. R244, R245,
R249, and R250 are the separate cathode resistors for
the four triodes.

4-41. The vertical voltages are amplified by the two
triode sections of V208. The common load resistor of
V208A and V208B is the circularity adjustment, R242.
The gain of these triodes is varied by adjusting the
variable arm of R242 and set so that the gain is made
less than the gain of the horizontal voltage amplifiers
V209A and V209B by the amount necessary to offset
the greater sensitivity of the vertical deflection plates
of the CRT compared to the sensitivity of the horizontal
deflection plates. This is so that sensitivities of the ver-
tical and the horizontal deflection systems shall be made
equal. From the variable arm of R242, the vertical de-
flection voltages from both resolvers are fed to the
stages described below. The output is negatively pulse
polarized.

4-42. The horizontal voltages are amplified by the two
triode sections of V209. The common load resistor of
V209A and V209B is R247. From the plates, horizontal
deflection voltages from both resolvers are fed to the
horizontal voltage phase inverter V210B. The output
is negatively pulse polarized.

443. TWO-CHANNEL PHASE INVERTER AND
DEFLECTION AMPLIFIERS. (Figute 4-11.)

4—44. In this part of the Azimuth Indicator, the vertical
deflection voltages and the horizontal deflection volt-
ages are further amplified in two separate amplifiers

Section IV
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before being applied to the vertical and horizontal de-
flection plates of the cathode-ray tube, Each amplifier
consists of a phase inverter and a push-pull output stage.
Adjustment of centering of the CRT beam is also pro-
vided by the circuitry of this section.

4-45. Triodes V210A and V210B are used as separate
phase inverters. V210A handles the vertical voltages,
while V210B handles the horizontal voltages. The out-
put deflection amplifiers, V211 and V212, are operated
in push-pull and direct-coupled to the vertical and hori-
zontal deflection plates of the CRT; V211 to the ver-
tical and V212 to the horizontal plates.

4 46. From the arm of R242, the variable plate load
resistor for V208, and from the plates of V209, (figure
4-10) the vertical and horizontal voltages are fed re-
spectively through coupling capacitors C223 and C222
to the grids of V210A and V210B. R252 and R257
provide the grid returns. R253 and R254 are the plate
load resistors, while R235 and R256 are the cathode
load resistors of the two phase-inverter circuits. The
push-pull outputs of the two phase-inverter channels
are from the plates and the cathodes.

4-47, The grids of the vertical push-pull deflection am-
plifier V211 are fed through coupling capacitors C226
and C227. The grid returns, R260 and R261, are con-
nected to opposite ends of R262 which is the vertical
beam centering control. R264 and R263 are voltage
dropping resistors from the —150 volt bias supply.
When the variable arm of R262 is in the middle, the
grid return resistors, R260 and R261, connect to equal
potential points. The grid biases of V211A and V211B
will be equal, the plate currents will be equal, and there
will be n- difference in plate currents through the plate
load resiscors, and no d-c potential difference between
the plates. R258 and R259 are the plate load resistors.
The deflection plates of the CRT are direct-coupled to
the plates of V211. The CRT deflection plates, being
directly connected, will have no d-c potential between
them and the beam should center vertically in the mid-
dle. However, because of slight differences, either in
any of the corresponding components of both halves of
the push-pull amplifier or in the mechanical construc-
tion of the CRT, the beam may be vertically displaced
from the center. The operator may then center the beam
by moving the variable arm of R262 toward one or the
other of its ends. This will cause a potential unbalance
between the ends of R262, which will oppositely affect
the tube biases and the plate currents. A proper adjust-
ment in the required direction will counteract for the
sum of effects due to all stray unbalances in the push-
pull systems.

4-48. The signal output of the vertical deflection ampli-
fier is taken from the plates of V211A and V211B and
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Figure 4-11. Azimuth Indicator Partial Schematic, Two-Channel Phase Inverter and Deflection

is applied to the vertical deflection plates of the CRT

in positive and negative phase.

4—49, The horizontal push-pull deflection amplifier and
its phase inverter are operated in an identical manner
to that of the vertical deflection circuit above.
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4-50. CATHODE-RAY TUBE AND HIGH VOLT-
AGE SUPPLY. (Figure 4-12.)

4-51. The cathode-ray tube displays the detected signal
pattern and the plane’s heading line. The circuitry of
the CRT includes the operator’s FOCUS and INTEN-
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Figure 4-12. Azimuth Indicator Partial Schematic, Cathode-Ray Tube and High Voltage Supply

SITY controls, and adjustment of CRT astigmatism
and phasing balance between vertical .and horizontal
amplifiers. This section also includes the high voltage
supply of the CRT. The power transformer of the high
voltage supply provides filament voltage for all tubes
and pilot lights of the Azimuth Indicator unit except the
high voltage rectifier, V213,

4-52. The cathode-ray tube, V214, is a three-inch tet-
rode-type tube, using electrostatic focusing and deflec-
tion. A voltage of approximately 2000 volts and various
lower anode voltages are required for its operation.

4-53. High voltage for the operation of the CRT is sup-
plied from a step-up transformer, rectifier tube and
filter network. A voltage divider provides the various
voltages required by the anodes of the CRT. High
voltage power transformer T202 has three secondary
windings. Winding 34 is the high voltage winding that
is rectified by V213, The filament of V213 is supplied
by winding 6-5 and is grounded, making the negative
side of the high voltage supply the ‘high’ side. Capaci-
tors C231 and C230 with filter resistor R279 in the
negative side comprise the d-c high voltage supply
filter. The high voltage output is connected across the
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series of: the INTENSITY control R278, R277, the
FOCUS control R276, R273, R274 and R275. Winding

B 7-8 supplies the heater of the CRT. T202, as well as
supplying power for the CRT, also provides filament
voltage for all other tubes and the pilot lights of the
Azimuth Indicator unit.

4-54. Control of the brightness of the CRT, V214, is
effected by varying the bias at the intensity grid with
respect to its cathode. The cathode, through R272, is
connected to the positive end of the INTENSITY con-
trol, R278. The intensity grid is connected directly to
the variable arm of R278, which can be adjusted from
0 to —150v with respect to cathode. With the arm at
the cathode end, the brightness is limited only by the
biasing drop of CRT cathode current through R272.
With the arm at the negative end of R278, any indica-
tion on the CRT is effectively cut off. The operator
adjusts R278 for minimum satisfactory intensity of
indication.

4-55. Focusing of the CRT is effected by adjusting the
FOCUS control, R276, which varies the voltages of the
focusing anode and the second anode with respect to
cathode. The second anode is taken off the variable
arm of the astigmatism adjustment, R283, at approxi-
mately 2000 volts positive with respect to the CRT cath-
ode, The focusing anode is taken off the variable arm of
R276 of the high voltage divider-network at approxi-
mately 500 volts positive with respect to the CRT cath-
ode. At the correct ratio of voltages, which is inter-
dependent with the INTENSITY control and with the
correct setting of the astigmatism adjustment, the CRT
beam focuses on the CRT screen.

4-56. The astigmatism adjustment varies the d-c volt-
age potential between the second anode and the pairs of
deflection plates so that focusing will be the same in
both vertical and horizontal planes. The average d-c
voltage at the vertical and horizontal plates is less than
the amplifier plate supply voltage by the drop in the
V211 and V212 plate loading resistances R258-R259,
R270-R271 respectively (figure 4-11). The voltage for
the second anode is adjusted by varying the arm of the
astigmatism adjustment R283, which is across the ampli-
fier plate supply voltage, to a voltage close to, or slightly
higher than, that of the average value of the voltages
at the vertical and horizontal deflection plates. At the
correct value, which is interdependent with the FOCUS
control adjustment, focusing will be the same in both
vertical and horizontal planes. When the astigmatism
adjustment is once set, the FOCUS control will be the
only control necessary for the operator to adjust to
obtain the sharpest CRT indication.

4-57. The vertical and the horizontal deflection plates
of the CRT are fed directly from the signal outputs of
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the vertical and horizontal deflection amplifiers. The
signals from the amplifiers are polarized; that is, they
consist of either positive or negative pulses. The CRT
beam deflections resulting from these pulses cause two
visual lines to extend radially from a base point at the
center of the CRT screen. One line is the result of signal
from the Antenna Drive resolver, The other line is the
result of signal from the compass resolver. The length
of the line is proportionate to signal strength. Either
one or both of these lines are shown, depending on the
presence or absence of radio signals or pulse signal
from the compass resolver, The two lines, while the
result of pulse voltages from separate resolvers being
amplified and applied to the CRT together, nevertheless
show separately because the voltages have separate
waveforms.

4-58. As the vertical and horizontal deflection plates of
the CRT are at right angles, the angular displacement
of each visual line is in the direction of the vector sum
of the “sine” and “‘cosine” voltages as amplified by the
separate vertical and horizontal amplifiers of figure
4-11.

4-59. A visual line on the CRT in the direction of the
vector sum of the “sine” and “cosine” voltages has ex-
actly the same angular displacement as the stators have
with respect to each other, as induced by the rotor of
the resolver supplying the signal. As the antenna is ro-
tated by the drive unit, and as it approaches the direction
of the signal source, a short line will appear that corres-
ponds in length to the strength of the signal at that “off
direction” position. As it rotates still further toward the
direction of the signal, a second line will appear, sepa-
rated slightly from the first line, but longer, due to the
increased signal strength as the antenna approaches the
correct direction. When the antenna is pointing exactly
at the signal source, the line appearing at that point will
be the longest, then successively shorter as it passes that
point. Thus, a pattern is obtained that consists of radial
lines emanating from the center of the screen, the center
one being the longest and the ones at each side being
shorter. (See figure 4-2.) This longest line will indicate
on the azimuth scale the direction of the detected signal.
(See figures 2-9 through 2-16 in Handbook, Operating
Instructions, AN16-30ALAG-1.)

4-60. The signal phase-shift through the vertical and
horizontal amplifiers of figure 4-11 must be exactly
equal. Phase unbalance causes the CRT line indication
in the direction of vector sum of “sine” and ‘“‘cosine”
voltages to appear as a narrow ellipse. This will make
the indication corresponding to aircraft heading less ac-
curate and also will fog the indication of individual
radio signal pulses from the rotating antenna. Capacitors
C235, C237, C232, and C236 are adjusted and set to
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phase-balance the outputs of the vertical and horizontal
amplifiers to counter for phasing differences caused by
stray component and capacitive differences in and be-
tween the amplifiers.

4-61. The cathode of the CRT is fed through C228 with
beam modulation voltage derived from the beam modu-
lator stage in the video amplifier section (figure 4-8).
This is to compensate, in brightness, for the range of
signal amplitudes from zero signal to signals with large
amplitudes. The beam modulation voltage swings the
cathode current in accordance with the strength of the
signal, thereby actually changing the bias point of the
CRT. An average setting of the INTENSITY control
may not give a presentation bright enough for a large
pattern, and would be far too bright for the center
trace spot when there is no incoming signal. This varia-
tion can occur as the associated receiver is tuned, or as
the antenna rotates. Too bright a spot indication can
permanently damage the CRT.

4-62. The beam modulation voltage applied to the cath-
ode is negatively pulse polarized and makes the cathode
of the CRT more negative and closer to the bias of the

Section IV
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intensity grid. The net effect is a decrease in the inten-
sity grid bias for the duration of the modulating pulse.
The beam modulation voltage is present only with video
signal, and to the degree controlled by the operator,
for the most equal brightness of the indication on the
CRT screen representing varying signal amplitudes
being received. The operation of the beam modulation
stage is described in paragraphs 4-30 through 4-33 (fig-
ure 4-8).

4-63. OPERATIONAL SWITCHING AND POWER
CIRCUITRY. (Figure 4-13.)

4-64. All operational switching controls of Direction
Finder Group AN/ALA-6, except those of Antenna
Control C-1246/ALA-6 for Antenna Assembly AS-654/-
ALA-G, are located on the front panel of the Azimuth
Indicator unit and all are clearly marked; the one ex-
ception being a subsidiary control that rotates the
crossed-line pointer appearing in the center of the CRT
screen. This pointer is rotated by means of a knurled
ring surrounding the azimuth scale and is located just
beneath the outer lip of the metal ring that surrounds
the entire bezel. The purpose of this pointer is to more
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accurately located the longest, or center portion of the
signal pattern that indicates relative bearing on the azi-
muth scale.

4-65. The Azimuth Indicator unit receives power from
Power Supply PP-974/ALA-G via cable N (figure 7-15),
which terminates at receptacle J201 on the Azimuth In-
dicator unit front panel (figure 6-3). The ANT. SPEED
switch as seen on the front panel actuates two switches,
$202 and S203 (figure 7-1), which are ganged together
mechanically. §202, a microswitch, and S203, a multi-
position switch, are both open at the “OFF” position of
the ANT. SPEED switch. At the “S” position, $202 is
closed and supplies 428 vdc to the coil of the power
relay in the Power Supply unit, and remains closed
throughout the other two positions, “150” and "300,”
allowing all units to become completely operative except
for the antenna rotation.

4-66. The Azimuth Indicator unit supplies power via
connector J202 and cable L to Antenna Drive TG-23/-
ALA-G (Figure 7-15); at pin A of J202, 428 volts is
supplied. At pin C, power is supplied for the Antenna
Drive motor. The operator has a choice of two speeds
of Antenna Assembly rotation. At the third position
(150) of S203, the antenna speed switch, 128 volts is
reduced through R280 to pin C of J202. At the fourth
position, (300), 428 volts is connected directly.

4-67. The --28 volts supplies power to the panel light
bulbs and to the azimuth scale light bulb. The operator
adjusts illumination of Azimuth Indicator controls to
the desired amount by varying the series resistances of
panel light control R281 and of azimuth scale control
R282.

4-68. The DEF-S switch, S206, is shown in figures 4-13
and 7-1 in the DF position. This is for normal operation
of the Direction Finder Group, as described in Operat-
ing Instructions, AN16-30ALAG-1. When the switch is
thrown to S, search position, --28 volts is disconnected
l from pin E and is connected to pin G of J201. This
voltage is used to actuate auxiliary search equipment
(not supplied with Direction Finder Group AN/ALA-6).

4-69. The VERT.-HOR. switch, $205, provides the oper-
ator’s control of antenna polarity only when either An-
tenna Assembly AS-655/ALA-6 or Antenna Assembly
AS-656/ALA-6 is used. In the vertical position, 28
volts is placed at pin D of J202. This operates the an-
tenna relay of those assemblies and connects their ver-
tical antenna element to the receiver input. For the hori-
zontal position of the VERT.-HOR. switch, S205, the
antenna relay is unenergized and the horizontal antenna
element is connected in a like manner.
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4-70. Remote operation of the most significant controls
of the Azimuth Indicator unit is provided through con-
nector J203. The “high” sides of EXPANDER control
R210 and GAIN control R216 are brought out to pins
B and D respectively of J203. Ground is brought out to
pin C. The 28 volts supplied to pin E permits remote
operation of the antenna polarity relay which is con-
nected at pin A of J203.

4-71. In the remote control box, counterparts of the EX-
PANDER and GAIN controls and the antenna polarity
switch are provided. They are wired and connected by
cable to J203 so as to be in parallel with their corre-
sponding controls in the Azimuth Indicator. When the
remote control box is connected to the unit, cognizance
must be taken of these parallel connections in the action
of the controls. For operation at the Azimuth Indicator
with the remote control box connected, the remote con-
trols for expansion and gain are left at minimum and
the remote antenna polarity switch is left at horizontal
position. For remote operation, the Azimuth Indicator
EXPANDER and GAIN controls are left at minimum
and the Azimuth Indicator antenna polarity switch is
left at horizontal.

4-72. DETAILED CIRCUIT ANALYSIS: POWER
SUPPLY PP-974/ALA-6.

4-73. GENERAL. (Figure 4-14.) The function of the
power supply unit is to provide the a-c and d-c volt-
ages required for operation of Azimuth Indicator IP-
243/ALA-6, Antenna Drive TG-23/ALA-6, and An-
tenna Assembly AS-654/ALA-6. When Antenna Assem-
bly AS-654/ALA-6 is used, the a-c and d-c operating
voltages for Antenna Control C-1246/ALA-6 are pro-
vided. The Power Supply unit’s source of power is the
aircraft’s electrical supply system. Figure 4-14 shows
a functional block diagram of the unit. For convenience
in describing in detail the circuitry and theory of opera-
tion of the power supply unit, it is divided into the
following:

a. Plate and Bias Supply (Figure 4-15.)
b. Plate Voltage Regulator (Figure 4-16.)

c. Power Circuitry (Figure 4-17.)

(A complete schematic of Power Supply PP-974/ALA-6
is shown in figure 7-2.)

4-74. PLATE AND BIAS VOLTAGE SUPPLY. (Fig-
ure 4-15.)

4-75. A voltage step-up transformer, a full-wave vacuum
tube rectifier and a capacitance-inductance “pi” filter
comprise the plate voltage supply. The same transformer
has a tap for a shunt bias supply using a second recti-
fier tube. A filter capacitor and load resistor complete
the bias voltage supply.
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Figure 4-14. Power Supply PP-974/ALA-6, Funiclional Block Diagram

4-76. The two ends of the plate voltage supply winding,
terminals 3-5-6 of T101 is applied to the plates of recti-
fier V101 in a typical full-wave circuit. The d-c output
is taken between the filament of V101, which is the
positive side, and the center tap of the transformer,
which is the negative and grounded side. C101, L10i
and C102 provide one section of filtering before the
plate supply d-c output is applied to the voltage
regulator,

4-77. The voltage at tap 4 of T101 is applied to the
paralieled cathodes of duo-diode rectifier V102. The
paraileled piates of V102 will then be negative with
respect to the ground. The pari of winding 3-5-6 be-
tween terminals 4 and 5 of T101, and V102 form a half-
wave rectifier circuit, the d-c output voltage of which is
additive to the fuil-wave d-c plate supply output of
V101. The ground is common to both outputs. The
ground is negative for plate supply output but positive
for the bias supply output. C106 is the only bias supply
filter. R112 is a loading resistor for the bias rectifier.

478. PLATE VOLTAGE REGULATOR. (Figure
416)

4-79. Plate supply voltage for the Azimuth Indicator
and the Aantenna Control (when used) is regulated;

therefore, changes in plate supply voltage caused by
changes or surges in power source do not change or
modulate amplifier gain, and thereby adversely affect
the size and stability of the presentations. Plate supply
voltage is also held constant so that one amplifier’s
changing plate power requirements, due to signal or
control changes, will not affect another amplifier. This
also contributes to indication stability. The voltage regu-
fator also provides means for adjusting plate supply
voltage to the prescribed value despite variation in cir-
cuit components.

4-80. The voltage regulator circuitry comprises a volt-
age regulator tube, a control amplifier tube and a volt-
age reference tube. The control tube, which is a high
gain pentode amplifier, is connected in such a way that
a small change in the output of the power supply causes
a change in its grid bias, and thereby a corresponding
change in plate current. Its plate current flows through
a resistor, the voltage drop across which is used to
bias the regulator tube. The plate-cathode circuit of the
regulator tube is connected in series with the plate volt-
tage supply load. The regulator tube, therefore, func-
tions as an automatically-variable series resistor. Should
the output voltage increase slightly, the controi tube
bias will become less negative causing the plate current
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Figure 4-15. Power Supply Partial Schematic, Plate and Bias Supply

of the control tube to increase, and the drop across the
resistor common to the control tube plate circuit and
the regulator tube grid circuit to increase accordingly.
The bias on the regulator tube therefore becomes more
negative and the effective resistance of the plate-cathode
circuit of the regulator tube increases. This causes the
output voltage to drop. A decrease in output voltage
causes the reverse of the action and the output voltage
is increased by the action of the regulator system. The
time lag in the action of the system is negligible. The
over-all result is that output voltage is held constant
to a fraction of a percent throughout the range of load
current and over a wide range of a-c power supply
voltage.

4-81. An essential in the voltage regulator system is the
use of a constant voltage as a reference to the change in
output voltage that the control amplifier operates on.
Use is made of the constant voltage discharge charac-
teristic of a gaseous regulator tube to provide the refer-
ence voltage. It is the difference between the constant
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voltage of discharge of the reference tube and the
change in voltage across an output voltage divider that
provides the control for the operation of the system.

4-82. The regulator, V103, is a dual triode that will
carry the load current with ease. Its sections are paral-
leled, R101 and R102 are small resistors that act as fuses
to protect the plate supply components in the event of
shorts occuring in the load. The plate-cathode circuit of
V103 is in series with the load and acts like a variable
resistor. The grids are returned to paralleled cathodes
through R105 and R106. R106 is common to both the
grid circuit of regulator V103 and the control amplifier
Vio4.

4-83. The voltage reference tube V105, is connected in
series with a resistor across a supply voltage large
enough to initiate its discharge. The voltage actoss the
tube will remain constant despite relatively large or
small variations in supply voltage. R111 is the refer-
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Figure 4-16. Power Supply Partial Schematic, Plate Voltage Regulator

ence tube series resistor and to further assure constancy
of voltage across the reference tube, it is connected at
the cathode or output side of the regulator tube, V103.
C103 damps any possible negative resistance oscillations
that may occur.

4-84. The control amplifier, V104, is a pentode and is
used as a high gain amplifier of small d-c voltage
changes. Its input is directly connected to its source of
voltage change. Its output is directly connected to the
grid circuit of the regulator tube that it controls.

4-85. The cathode of V104 is connected to the “high”
side of V105 and is maintained at a constant voltage
(with respect to negative and ground), which is the
rated discharge voltage of V105, The grid is connected
to the variable arm of R109, which, with R110, R108
and R107, forms a voltage divider across the power
supply output. R103 and R104 form a voltage divider
supplying the screen of V104.

4-86. The power supply voltage output at pin H of J101
can be varied by adjusting the slotted shaft of R109
which is located on the chassis of the Power Supply unit.

R109 is adjusted and set for 265 volts, which is the
actual operating voltage of the plate power supply (250
volts is the stated nominal value).

4-87. The mechanism by which the voltage is varied
is as follows: The arm of R109, to which the control
grid of V104 is connected, can be varied from approxi-
mately 75 to 85 volts (measured from negative or
grounded side of the Power Supply.) The cathode of
V104 is held constant at +86 volts. The difference
voltage affects the plate current drop through R106,
which in turn affects the bias of regulator V103. This
varies its current from its plate to cathode, varying its
effective series d-c resistance and the output voltage is
adjustable up or down from a mean of 250 volts.

4-88. The mechanism by which the voltage is kept con-
stant at 265 volts, after once having been set, is as fol-
lows: Should there be an increase in voltage across the
plate supply output, the voltage (with respect to nega-
tive and ground) at the variable arm of R109 and at
the grid of V104, will increase with it. But the volt-
age at the cathode of V104 will remain constant. The
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difference of conditions will result in a net drop of bias
of V104, which will be amplified, resulting in more
V104 plate current and an increase in bias for regulator
V103. This will result in enough increased series resist-
ance of V103 to remove the initial increase of voltage.
Should the voltage across the output of the power sup-
ply decrease, the difference of conditions will result in a
net increase in bias on V104, less V104 plate current,
less series resistance effect of V104, and the decrease of
output voltage will nearly disappear.

4-89. C104 performs the further function of applying
the whole of the variation of output voltage due to un-
filtered ripple to the control grid of the d-c amplifier
for the purpose of further smoothing the output, C105,
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along with the voltage regulator system, comprises a
second section of a-c filtering.

4-90. POWER CIRCUITRY. (Figure 4-17.)

4-91. The power circuitry of the Power Supply unit
comprises the electrical connections between the power
input receptacles, the plate and bias supply sections of
the unit, and the receptacles that provide the operating
voltages for the Azimuth Indicator and the Antenna
Control unit (the latter used only with Antenna Assem-
bly AS-654/ALA-6). The power circuitry includes two
power relays and their control circuits.

4-92. As shown in figure 4-17, there are three separate
electrical power inputs: 115 vac at 380 to 1000 cps,
supplied at J104; 28 vdc also supplied at J104; and 115
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Figure 4-17. Power Supply Partial Schematic, Power Circuifry
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v.o 2t .30 to 420 cps, supplied at j103. 115 volts at
360 to 420 cps is used only for servo power for installa-
tions using Antenna Assembly AS-654/ALA-6 and its
Antenne Control unit. I{ the 115 vac input to Ji04 is
within the frequency range of 380 to 420 cps, it is also
used for servo power for antenna tuning and the addi-
tional 115 vac at 380-420 cps input to J103 is not needed.

¢93. All three power inputs are fused. The a-c inputs
are fused on each side. F101 and F102 fuse the 115 vac
380-1000 cps supply. F104 and F105 fuse the servo
control 115 vac 380-420 cps supply. The d-c supply is
fused only on its positive side, by F103.

4-94. The +28 volts is connected to one side of the
paralleled relay coils of K101 and K102. The other
side of the relay coils is connected to pin C of J101,
the receptacle that connects to Azimuth Indicator unit.
The master power switch of the Azimuth Indicator unit
grounds this circuit for operation of the equipment.
This completes the 28-volt circuit through the relay
coils, energizing them. Relay K101 contacts 5 and 6
are made to 4 and 7 respectively, connecting the 115
vac 380-1000 cps supply to the plate and bias voltage
supply section of the unit. The 115 vac 380-1000 cps
is also connected to the Azimuth Indicator receptacle
J103 and through it to the servo power switch, S101.
Contacts 2 and 3 of relay K101 connect the 428 vdc
to the Azimuth Indicator and the Antenna Control re-
ceptacles. At the same time, relay K102 contacts 5 and 3
are made to 4 and 7 respectively, connecting servo power
to the antenna tuning receptacle and to the servo power
trans{ormer.

4-95. Servo power switch $S101 provides switching of
servo power for antenna tuning, to either the 115 vac
380-1000 cps power source, or ‘to the separate servo
power source of 115 vac 380-420 cps. When 8101 is in
the INT position, servo power is supplied from the 115
vac 380-1000 cps source. This can only be used if this
source has a frequency between 380 and 420 cps. If the
115 vac 380-1000 cps supply is outside of this range,
S101 is thrown to EXT for supply of servo power at
115 vac 380-420 cps from a separate source at J103.

4-96. DETAILED CIRCUIT ANALYSIS: ANTENNA
DRIVE TG-23/ALA-6.

4-97. GENERAL. (Figure 4-18.) The function of the
Antenna Drive unit is to rotate the Antenna Assembly
being used, and to provide the “sine”” and “cosine” com-
ponents of the video signal in the proper relation with
respect to orientation of the antenna. The drive unit
motor rotates the antenna and aiso rotates a rotary syn-
chro transformer, the resolver, at the same speed. The
resolver rotor receives video signal voltages from the
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Azimuth Indicator and the stators return the “sine” and
“cosine” voltages to the deflection plates of the CRT.
The drive unit also provides an automatic switching cir-
cuit that will actuate the shutter of an auxiliary camera
unit with each revolution of the Antenna Assembly. The
drive unit incorporates means for heating its mechanism
in cold ambient temperatures, and a thermostat is pro-
vided to control the heater. For convenience in de-
scribing in detail the circuitry and theory of operation
of the Antenna Drive unit, it is divided into the follow-
ing sections:

a. Drive motor circuitry (Figure 4-19).
b. Resolver circuitry (Figure 4-20).
¢. Mechanical system (Figure 4-21).

A complete schematic of Antenna Drive TG-23/ALA-6
is shown in figure 7-3.

4-98. DRIVE MOTOR CIRCUITRY. (Figure 4-19.)

4-99. The drive motor circuitry comprises the drive
motor, means for cyclic speed variation, and an r-f inter-
ference filter. Also included with the motor circuitry is
the camera switching circuit and the heater circuit.

4-100. The drive motor, B302, is a 1/20 horsepower
compound-wound d-c motor. When rotating the antenna
at 300 rpm, the motor revolves 4800 rpm. It has a sepa-
rate lead to its shunt field and two equal series fields,
one on each side of the armature, Within the motor
there is a capacitor across the commutator that attenuates
r-f interference caused by the brush assembly.

4-101. The Antenna Drive unit rotates the antenna at
150 or 300 rpm, (nominal) depending on the position
of the ANT. SPEED control (master power switch) of
the Azimuth Indicator unit. See figure 4-13 and para-
graph 4-66 for details of antenna speed switch circuitry.
Within the drive unit, means are provided to vary the
rotational speed over a variation cycle of 100 antenna
revolutions. The speed of rotation over the cycle varies
from the set speed (150 or 300 rpm) to a speed of rota-
tion approximately 15 percent less.

4-102. The purpose of varying the speed of rotation of
the antenna is to avoid the possibility of becoming syn-
cronized with the transmitting antenna whose signals
the Direction Finder is trying to detect, If the two an-
tennas become synchronized, the received signal may be
very weak or the signal may not be received at all, due
to the possibility of their being pointed away from each
other. If the antennas are close in speed of rotation, sig-
nals may be received only occasionally, corresponding
to the beat frequency created by their rotational speed
difference. Signal-change may be too slow to show con-
tinuous indication at this beat frequency, and there-
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Figure 4-19. Antenna Drive Partial Schematic,
Drive Motor Circuitry

fore detection may not occur. The 15 percent variation
of speed of the Direction Finder Group’s antenna then
insures detection of signals because the frequency of
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Figure 4-18. Antenna Drive TG-23/ALA-6, Functional Block Diagram

intersection of the receiving and transmitting antenna
beams is thereby increased enough to where the cathode-
ray tube’s screen persistence will cause continuous indi-
cation of signals. Under conditions of narrowest beam
width of receiving antenna, and toward the high end
of the frequency range of the equipment, the varying
speed of antenna rotation also helps to avoid missing
signals of low pulse repetition frequencies.

4-103. The variation of speed of the drive motor is
accomplished by alternately inserting and removing
R301 which is in series with the series fields of drive
motor B302. §301 is cam-operated through a gear reduc-
tion drive by the motor, and shorts out R301 for ap-
proximately half of the speed variation cycle of 100
antenna revolutions.

4-104. The sparking across the drive motor commutator
and the operation of 8301 causes r-f interference that
would be conducted along the motor supply lead. FL301
filters this lead and confines r-f interference to within
the drive motor unit. FL301 is a conventional pi-type
motor hash filter unit consisting of a series inductor and
two bypass capacitors.

4-105. A circuit is provided in the Antenna Drive unit
to automatically actuate the shutter of an auxiliary cam-
era unit, Camera Assembly USAF type 0-20. The camera
is actuated to photograph the Azimuth Indicator CRT
screen once for each antenna revolution. The camera-
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actuating circuit is connected to pin E of J302. The cir-
cuit consists of 5302 that makes to ground once for each
antenna revolution. $302 is operated by a cam on the
same shaft that rotates the resolver.

4-106. The function of the heating system is to bring the
mechanism to a temperature permitting the proper opet-
ation of the gears and bearings containing lubricants.
Lubricants at cold ambient temperatures become stiff
and will not permit proper antenna speed. This is a
common occutance for the drive unit in airborne
operation at high altitudes. +28 volts dc is supplied to
heating element HR301 with thermostat $303 in series.
$303 opens at O°C and will close at —20°C, This circuit
is potentially operative at all times that the Azimuth
Indicator ANT. SPEED switch is not in OFF position.

4-107. RESOLVER CIRCUITRY. (Figure 4-20.)

4-108. This section of the Antenna Drive unit comprises
the resolver, the connections to its windings, and a relay
operating circuit that connects through Antenna Coupler
CU-398/ALA-6 to Antenna Assembly AS-655/ALA-6 or
AS-656/ALA-6. This circuit operates a relay that re-
verses the resolver rotor winding in polarity so as to
correspond to the receiving directions of the vertical and
horizontal antennas of those Antenna Assemblies above.

4-109. The resolver is a two-phase rotary synchro trans-
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former. It has two stator windings that have a fixed 90-
degree phase relationship with each other. Their rela-
tionship to the rotary winding is continuously variable
through 360 degrees. The rotor is driven by the motor
through a gear reduction drive at the same speed of
rotation as the Antenna Assembly. When received signal
video voltage is applied to the rotor, the outputs of the
stators will vary with the angular relationships between
the respective stators and the rotor, according to the
“sine” and the “cosine” functions.

4-110. The Azimuth Indicator receives the “sine” and
“cosine” voltages, amplifies them, and applies them to
the vertical and horizontal deflection plates of its cath-
ode-ray tube. As these deflection plates are also phased
90 degrees with respect to each other, there will be a
resultant deflection in the direction of the vector sum
of the “sine” and “cosine” voltages. The direction of the
resultant deflection relates exactly to the angular dis-
placement of the stators from the rotor in the resolver.

4-111. Resolver B301 is driven through a gear reduction
system at the same speed as the Antenna Assembly. Pro-
vision is made to align it with the antenna for a common
reference direction (see paragraph 6-43d). One side of
each stator winding is grounded and the other sides are
connected to J307 and J306 which feed “sine” and *“co-
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Figure 4-20. Antenna Drive Partial Schematic, Resolver Circuitry
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sine” voltages respectively to the Azimuth Indicator.
J305 receives the video, and it is connected to the DPDT
points of relay K301. At the control of the operator and
for the purpose of switching from vertical to horizontal
receiving antennas, K301 is energized for vertical an-
tenna reception and unenergized for horizontal recep-
tion. This reverses the connections to the rotor winding
of the resolver. A parallel relay operating circuit is con-
nected to TB301 for the concutrent operation of the an-
tenna polarity switching relay of Antenna Assembly
AS-655/ALA-6 or of Antenna Assembly AS-656/ALA-6.

4-112, Antenna Assemblies AS-655/ALA-6 and AS-
656/ALA-6 each have two antennas. One is vertically
and the other is horizontally polarized. They are
mounted so as to face in opposite directions. When
switching from one to the other, it is necessaty to re-
verse the polarity of the rotor winding of resolver B301.
By reversing polarity the resultant direction of the vector
sum of the “sine” and “cosine” voltages is reversed
(shifted 180°) to correspond with the 180° switch of
antenna directions.

4-113, ANTENNA DRIVE MECHANICAL SYSTEM.
(Figure 4-21.)

The drive motor rotates the Antenna Assembly and the
resolver through two speed-reduction gear sequences.
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One gear sequence rotates the Antenna Assemply alone.
The other gear sequence rotates the resolver and also
operates the camera-actuating switch and the motor-
speed cyclic switch.

4-114. Drive motor B301 directly rotates two spur gears
each of which initiates a gear sequence. The larger spur
gear drives the output-shaft worm and worm-gear assem-
bly by meshing with an additional spur gear mounted
at the end of the worm shaft. The worm and worm-
gear assembly drives the antenna. The over-all speed
reduction between the motor shaft and the Antenna
Assembly is 16 to 1. The smaller spur gear directly ro-
tated by the motor, drives resolver B301 through an
intermediate pair of speed-reducing spur gears. The
over-all speed reduction between the motor shaft and
the resolver is also 16 to 1.

4-115. On the same shaft that turns the resolver is a
cam upon which rides the button of camera-actuating
switch $302. The cam is shaped to operate the camera
switch once for each resolver (or antenna) revolution.
The switch’s position can be adjusted so as to vary the
instant of make of the switch to the desired angle of
the antenna revolution cycle.

4-116. Motor-speed cyclic switch $301 is operated by a
plunger and a second cam. This cam is on a shaft driven

Figure 4-21. Anienna Drive TG-23/ALA-6, Gear Schematic Diagram
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through a speed-reduction gear sequence from the re-
solver shaft. The gear sequence is a pair of bevel gears
and a worm drive. There is a speed reduction of 100 to
1 from the resolver shaft. The cam is shaped to make
the motor-speed cyclic switch contacts for approximately
one-half of each revolution, making the motor-speed
variation period once for each 100 resolver (or antenna)
revolutions.

4-117. ANTENNA COUPLER CU-398/ALA-6 (65-
5000 MC). (Figure 7-4.)

4-118. The Antenna Coupler adapts the Antenna Drive
unit to Antenna Assemblies AS-654/ALA-6, AS-655/-
ALA-6 or AS-656/ALA-6. It provides the stationary
member of a rotating antenna connector for feeding sig-
nals to the receiver when picked up by the rotating an-
tenna, When used with Antenna Assemblies AS-655/-
ALA-6 or AS-656/ALA-6, it also provides facilities for
an electrical connection to their vertical-horizontal an-
tenna switching relays by a set of slip-rings and slip-
ring brushes, which conduct the relay-operating current
to the relay coil.

4-119. DETAILED CIRCUIT ANALYSIS: ANTENNA
CONTROL C-1246/ALA-6.

4-120. GENERAL. The function of the Antenna Con-
trol unit is to provide facilities for remotely tuning the
antenna element of Antenna Assembly AS-654/ALA-6.
The tuning range of this assembly is covered in four
frequency ranges. For each frequency range the antenna
element must be fine-tuned to the exact frequency. In
describing the circuitry and theory of operation of the
Antenna Control unit, the discussion includes that por-
tion of the servo system in Antenna Assembly AS-654/-
ALA-6 that complements and functions with the An-
tenna Control as a single system. For convenience, the
detailed discussion of the circuitty and theory of opera-
tion of the Antenna Control has been divided into the
following:
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a. Theory of Antenna Tuning Servo Control System
(Figure 4-22).

b. Servo Control Amplifier (Figure 4-23).
¢. Antenna Control Circuitry (Figure 4-24).

A complete schematic of Antenna Control C-1246/-
ALA-6 is shown in figure 7-5.

4-121. THEORY OF ANTENNA TUNING SERVO
CONTROL SYSTEM. (Figure 4-22.)

4-122. Fine tuning of the antenna element of Antenna
Assembly AS-654/ALA-6 to exact frequency is accom-
plished by a servo control system. It includes a “com-
mand” potentiometer, the variable tap of which is con-
trolled by the tuning knob of the Antenna Control
unit, and a “‘follow-up” potentiometer, the variable tap
of which is affixed to the tuning capacitor in the An-
tenna Assembly. These two potentiometers are paralleled
with a 26-volt power source to form a servo bridge cir-
cuit. The arrangement produces an “error voltage” for
angular position differences between the “command”
potentiometer and the “follow-up” potentiometer. This
error voltage is amplified by the control amplifier and
applied to one winding of a two-phase induction motor
that is geared to the “follow-up” potentiometer. The two
fields of this motor are 90° opposed, therefore the other
winding receives continuous power from a 115 vac
source whose phase is rotated 90° by a series capacitor.
Voltage at the output of the amplifier causes the motor
to move the variable tap of the “follow-up” potentio-
meter in the direction of reducing the error voltage. The
motor will drive the “follow-up” potentiometer until a
position is reached where there is too little voltage to
be amplified to operate the motor. Because of the bridge
circuit, this position will correspond to the angular posi-
tion of the “command” potentiometer variable tap. Very
small error voltages are amplified to produce sufficient
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Figure 4-22. Antenna Tuning Servo Mechanism, Simplified Diagram

51



Section 1V
Paragraphs 4-123 to 4-131

motor torque to position the tuning capacitor almost
precisely as set by the tuning control.

4-123. SERVO CONTROL AMPLIFIER. (Figures 423
and 7-5).

ERROR
———————p  AMPLIFIER
VOLTAGE LIFIE
PUSH-PULL
POWER TO MOTOR.
AMPLIFIER

PHASE >
INVERTER

Figure 4-23. Antenna Conirol C-1246/ALA-6,
Electron Tube Functional Block Diagram

4-124. The servo amplifier is designed to sufficiently
amplify the “error” voltages that represent position dif-
ference between “command” and “follow-up” potenio-
meters. These error voltages ate of the frequency of
the 26 vac power supply, 380-420 cps only. The servo
control amplifier consists of an input triode stage, a
phase inverter and a push-pull output stage. The output
stage works into a push-pull transformer. The maximum
output voltage to the motor load is approximately 115
vac. The voltage gain from the input of the amplifier to
the motor winding is approximately 450.

4-125. The “error” voltage is applied between grid and
ground of V401A (see figure 7-5). R402 provides grid
return. C405 loads and bypasses the input for any noise
or undesired frequencies. The ground return for input
signal is actually the arm of the “follow-up” potentio-
meter in the tuning circuit of Antenna Assembly AS-
654/ALA-6. V401 is a cathode-coupled amplifier-phase
inverter. V401B grid is grounded and signal across R404
is applied equally to both cathodes. Degenerative feed-
back through R404 helps make this a well-balanced
phase inverter circuit. R403 and R405 are the equal plate
loads of V401A and V401B. The signal is fed in equal
and opposite phase from the plates of V401 to the power
amplifier stage.

4-126. This is a dual triode in a push-pull output circuit.
It receives its signal from the plates of V401 through
coupling capacitors C401 and C402. R407 and R406
provide grid returns and R408 is common cathode bias
resistor. T401 is the power output transformer, and it
provides 2 maximum of approximately 115 vac to its
motor load. C404 peaks the transformer’s efficiency to
the signal frequency of 380 to 420 cps.
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4-127. ANTENNA CONTROL CIRCUITRY. (Figures
4-24 and 7-5.)

4-128. Power is supplied at various voltages to the An-
tenna Control unit at J402. 26-vac for operation of the
servo bridge is supplied at pins D and F of J402 and
in turn is forwarded to the Antenna Assembly through
pins D and F of J401. (All a-c voltages in the Antenna
Control unit are 380-420 cps.) The servo control ampli-
fier requires 6.3 vac for filaments and 250 vdc for plates
which are supplied by pins C and E respectively of J402.
The tuning motor in the Antenna Assembly is a two-
phase induction motor with two 90° opposed stator
windings. These windings connect to pins A, B and C
of J401. A and B connect to the fixed phase stator, which
is supplied with 115 vac. C403 is the series capacitor re-
quired for the 90° phase shift for operation of the two-
phase tuning motor. Pins B and C of J401 connect to the
control phase stator, which is supplied with amplified
“error” voltage from the control amplifier. The direc-
tion the motor turns depends on the relative polarities
of the voltages through the stators. The polarity of the
controlling voltage output of the amplifier depends on
the position of “follow-up” the potentiometer R501 in
the Antenna Assembly as related to the position of *“com-
mand” potentiometer R401 of the Antenna Control.

4-129. S401 is a four position switch for controlling the
position of the antenna band switch relay. The positions
correspond to the four frequency ranges, 65 to 89 mg,
80 to 110 mc, 110 to 180 mc, and 160 to 270 mc. The
antenna element of the Antenna Assembly resonates to
two frequencies widely separated at the same time. To
cover the four frequency ranges, only two coarse changes
of antenna tuning need be accomplished. The antenna
band switch relay is energized by $401 to switch to the
antenna circuit values for the first and third ranges, and
unenergized for the antenna circuit values for the second
and fourth ranges. The antenna band switch relay oper-
ates on +28 vdc which is supplied at pin H of J402.
This 28-volt supply also lights the panel lamps through
adjustable series resistor illumination control R409.

4-130, DETAILED CIRCUIT ANALYSIS: ANTENNA
ASSEMBLY AS-654/ALA-6.

4-131. GENERAL. This Antenna Assembly, when used
as part of Direction Finder Group AN/ALA-6, provides
directional pickup facilities for horizontally polarized
signals in the frequency range from 65 to 250 mc. The
Antenna Assembly is remotely tuned by Antenna Con-
trol C-1246/ALA-6. The assembly comprises the antenna
structure proper and its tuning elements. These form
the tf portion of the assembly. The assembly also in-
cludes the tuning motor and gear train, “follow-up”
potentiometer, and the band-switch relay, which with a
seven-conductor slip-ring assembly, provide the electrical
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Figure 4-24. Antenna Tuning Servo Control System, Functional Block Diagram

and mechanical means of remotely tuning the antenna
through its frequency range from the Antenna Control
unit. A complete schematic of the Antenna Assembly is
shown in figure 7-6.

4-132, The antenna proper of the Antenna Assembly is
a configuration of two shielded single-turn loops in a
horizontal plane. They are mounted and connected in 2
position so that the receiving pattern of the structure
is a figure-eight with nulls in the direction of the
ends of the common central member and lobes out
from the ends of the loops. L502, which is essentially
a loading coil, connects from the loops to L503, which
is an impedance transformer to the coaxial line that
connects to the receiver through the rotating coaxial
connector. L502 is in two sections. The lead from the
loops is considered to be an inductance and part of
L562. At the junction between the lead and the re-
mainder of L502, a lead runs to one contact of antenna
band relay K501. The other contact goes to ground. This
lead from L502 to the relay is considered to be L501.
C501 is the tuning capacitor and is remotely controlled

from the Antenna Control. The antenna loops, 1502,
and L503, together with the tuning capacitor, form a
complex network that resonates at more than one fre-
quency simultaneously. These frequencies are widely
separated. This effect is used to advantage to cover the
complete range from 60 to 300 mc in only two circuit
arrangements for four frequency ranges. For the first
and third ranges the relay is unenergized and its con-
tacts are open. For the second and fourth ranges L501
is injected to load the inductances down and increase
the resonant frequencies of the network.

4-133. Although the antenna is resonant to more than
one frequency, this does not impair operation, as the se-
lectivity of the radio receiver excludes reception from
other than the desired frequency.

4-134. Tuning control is accomplished by the tuning
motor, the “follow-up” potentiometer and the band
change relay. These components together with the servo
elements of Antenna Control C-1246/ALA-6 comprise a
complete tuning control system. See paragraphs 4-120
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through 4-130 for a description of the system as a whole.
The control cable from the Antenna Control unit brings
seven leads in at J501. As tuning is accomplished while
the antenna is rotating, these seven control leads are fed
into the rotating structure by means of a slip-ring and
brush assembly. To make sure of positive contact each
of the seven slip-rings have two paralleled brushes riding
on them. Three leads supply power to the tuning motor
B501. Two leads bring in 26 vac to the terminals of the
“follow-up” potentiometer. This is to form one side of
the servo control bridge circuit. A ground lead connects
to the variable tap of R501 and to one side of the coil
of antenna band relay K501. Another lead brings in dc
for energizing this relay when the operator desires to
switch to second or fourth frequency ranges.

4-135. Servo control tuning motor B501 turns C501
through a gear train in the desired direction. At the
same time, the shaft of R501 is geared in with the shaft
of C501 and turns with it. Thus, the act.cn of the servo
bridge circuit of which R501 is a part, is directly related
to the angular position of the © ~ing capacitor.

4-136. DETAILED CIRCUIT ANALYSIS: ANTENNA
ASSEMBLY AS-655/ALA-6.

4-137. This Antenna Assembly, (figure 7-7) operating
in the frequency range of 140 to 1200 mc, incorporates
single-pole, double-throw relay K601 which selects
either the vertical or the horizontal element to be con-
nected to the associated receiver’s input. When de-
energized, this relay activates the horizontal element and
when energized, activates the vertical element. The relay
coil is energized when switch S205 on the Azimuth Indi-
cator panel (VERT.-HOR.) is thrown to VERT. posi-
tion. This action takes 28 vdc from the Power Supply
through the Azimuth Indicator and also through An-
tenna Drive TG-23/ALA-6 to slip rings on Antenna
Coupler CU-398/ALA-6. The slip-rings are contacted by
two sets of two brushes each, EG02A-EG02B and EG0O3A-
E603B, which conduct the current to the relay coil.
Brushes EG02A and EG02B are paralleled, as are EG03A
and EG603B. This is to assure good contact at all times
with the slip-rings on the Antenna Coupler. Simultane-
ous with the energizing of relay K601, and by the same
switch on the indicator panel (VERT.-HOR.), relay
K301 in the Antenna Drive unit is energized, which
reverses the polarity of the rotor winding in the antenna
resolver, thereby reversing the signal pattern on the
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CRT screen and indjcatine 2 vertically-polarized signsl,
In this way, the operator is able to determine whether
the incoming signal is being transmitted by a vertically
or by a horizontally-polarized antenna.

4-138, DETAILED CIRCUIT ANALYSIS: ANTENNA
ASSEMBLY AS-656/ALA-6.

4-139, This Antenna Assembly, (figure 7-8) operating
in the frequency range of 1000 to 5000 mc, incorporates
single-pole, double-throw relay K701 which selects
either the vertical or the horizontal element to be con-
nected to the associated receiver’s input. When de-ener-
gized, this relay activates the horizontal element and
when energized, activates the vertical element. The relay
coil is energized when switch 5205 on the Azimuth Indi-
cator panel (VERT.-HOR.) is thrown to VERT. posi-
tion, This action takes 28 vdc from the power supply
through the Azimuth Indicator and also through An-
tenna Drive TG-23/ALA-6 to slip-rings on Antenna
Coupler CU-398/ALA-6. The slip-rings are contacted
by two sets of two brushes each, E702A-E702B and
E703A-E703B, which conduct the curtent to the relay
coil. Brushes E702A and E702B are paralleled, as are
E703A and E703B. This is to assure good contact at all
times with the slip-rings on the Antenna Coupler. Si-
multaneous with the energizing of relay K701, and by
the same switch on the indicator panel (VERT.-HOR.),
relay K301 in the Antenna Drive unit is energized,
which reverses the polarity of the rotor winding in the
antenna resolver, thereby reversing the signal pattern
on the CRT screen and indicating a vertically-polarized
signal. In this way, the operator is able to determine
whether the incoming signal is being transmitted by a
vertically or by a horizontally-polarized antenna.

4-140, DETAILED CIRCUIT ANALYSIS: ANTENNA
ASSEMBLY AS-657/ALA-6 AND ANTENNA COUP-
LER CU-397/ALA-6.

4-141. This Antenna Assembly, (figure 7-9) used ex-
clusively with Antenna Coupler CU-397/ALA-6 (5000-
10,750 mc), operates in the frequency range of 5000 to
10,750 mc. It incorporates no switching relay or wiring
other than the coaxixal connector J801 that establishes
electrical contact to the coaxial cable that feeds signal
to the associated receiver. This antenna will receive
horizontally, vertically, and also circularly polarized
signals by means incorporated into its open waveguide-
parabolic reflector design features.
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SECTION V

ORGANIZATIONAL

5-1. MINIMUM PERFORMANCE STANDARDS.

5-2. GENERAL, The information presented in this sec-
tion is intended for the guidance of personnel whose
technical relationship to Direction Finder Group AN/-
ALA-6 is of an organizational or operational nature.
Personnel who are members of the using organization
should follow the procedures outlined in the following
paragraphs to determine whether or not the equipment
is operating within the minimum standards of perform-
ance for which it was designed.

I WARNING I

Direction Finder Group AN/ALA-6 equipment
employs high voltages which may be dangerous
to life. Operating personnel must be alert at
all times to avoid coming into contact with
these voltages.

5-3, The following paragraphs provide a check chart
which contains useful data to be used in the determina-
tion of minimum acceptable results for this equipment.

54, CONTROLS. All controls on the front panel of
Azimuth Indicator IP-243/ALA-6 should operate norm-
ally as described in table 1-2; these are illustrated in
figure 1-16. The controls on Antenna Control C-1246/-
ALA-6 should perform the functions described in table
1-3; these are illustrated in figure 1-17.

5-5. INDICATOR RESPONSE. The cathode-ray screen
on Indicator IP-243/ALA-6 should reproduce a signal
pattern of sufficient brightness to be clearly visible in
a brightly illuminated room, with the setting of the
INTENSITY control in a nominal position. The FOCUS
control should operate normally at a position somewhere
near its center of rotation. The vertical and horizontal
positioning controls should center a small spot in the
cathode-ray tube screen without reaching their limits of
rotation. The TRUE HD. control should produce a
heading line on the screen that will reach to the edge
of the azimuth scale without reaching the control’s limit
of rotation.

5-6. CHECK OF RECEIVER OUTPUT. Since the re-
ceiver is not supplied with AN/ALA-6 equipment, the
handbook(s) for the receiver used must be consulted
for receiver performance standards. In addition to the
test outlined below, a sensitivity and frequency-calibra-
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tion test of the receiver should be made using the appli-
cable handbook procedure and data. The following
steps will, however, give an indication of the output of
the receiver, and whether the output is sufficient to give
a proper presentation on the screen of Azimuth Indica-
tor IP-243 /ALA-6. For this test, choose two antennas of
the same type (as supplied with this equipment) and a
signal generator of the correct frequency. See table 1-1
for the frequency range of each antenna and the Antenna
Coupler to use with it, and see table 2-1 for the signal
generator.

Step 1. Connect one of the antennas as shown in fig-
ure 5-2 as a receiving antenna connected to
the input of the receiver. (When using any
antenna other than AS-654/ALA-6, omit cables
O and P and the Antenna Control C-1246/-
ALA-6.)

Step 2. Connect the second antenna to the output of
of the signal generator as shown, for use as a
transmitting antenna.

Step 3. Separate the transmitting antenna and the
receiving antenna by a distance of between 15
to 25 feet, with no intervening objects.

Step 4. Set the signal generator to a frequency within
the range of the antennas being used, and ad-
just its output to 0.5 volts for Antenna Assem-
bly AS-654/ALA-6, or to 0.35 volts for any of
the higher frequency antennas.

Step 5. Modulate the signal generator with a 3-micro-
second, 1000 pps signal. See table 2-1 for a
pulse generator.

Step 6. Set the receiver gain control at its extreme
clockwise position and the avc control to
“avc off.”

Step 7. Disconnect cable D from the Indicator unit at
J204.

Step 8. Attach an a-c vacuum-tube voltmeter to the
disconnected end of cable D, with a2 1000-ohm
load resistor in parallel with the meter leads.

Step 9. Align the transmitting and receiving antennas
to obtain the maximum signal strength as indi-
cated on the meter.

Step 10. Turn the receiver gain control to extreme
counterclockwise position.
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Step 11. Turn the receiver gain control slowly clock-
wise and then back and forth, stopping at the
point that gives maximum reading on the
meter.

Step 12. If the meter reading is 0.2 volts peak or better,
the receiver is operating within the require-
ments of the Direction Finder Group.

Step 13. If a meter or other indicating instrument is
not available, a rough approximation of the
receiver’s output may be determined using a
pair of headphones, connected to the end of
cable D in place of the meter and load resistor
of step 7 above. With this method, a loud sig-
nal should be present in the phones that pre-
sents a low signal-to-noise ratio.

5-7. SENSITIVITY OF AZIMUTH INDICATOR
IP-243/ALA-6. Determine the sensitivity or acceptable
pulse gain by following these steps:

Step 1. With the a-c vacuum tube voltmeter (see table
2-1), set the receiver gain control to deliver 0.1
volts peak to the Indicator unit at jack J204 via
cable D. See figure 5-2. Measure this with the
cable disconnected from J204 and with a 1000-
ohm resistor as a load. Then connect the cable
to J204.

Step 2, Advance indicator GAIN control until a de-
flection of 1-14 inches on the cathode-ray tube
is obtained in any direction.

Step 3. If the above amount of deflection is obtained
previous to, or at the maximum clockwise posi-
tion of the GAIN control, the sensitivity of the
unit is acceptable.

5-8. FREQUENCY ACCURACY OF ANTENNA
CONTROL. When using Antenna Assembly AS-654/-
ALA-6 and Antenna Control C-1246/ALA-6, the fre-
quency accuracy should be determined by making cer-
tain that the tuning potentiometer R401 in the control
unit (see figure 5-8), when turned, causes the tuning
capacitor C501 in the antenna base assembly (figure
5-1) to turn accordingly; and that when the tuning po-
tentiometer is in either the extreme clockwise or coun-
terclockwise position, the tuning capacitor is also in
the corresponding position.

59. DIRECTIONAL ACCURACY AT ZERO,
GROUND CHECK. The directional accuracy of the in-
dication on Azimuth Indicator IP-243/ALA-6 may be
checked on the ground by the following procedure:

Step 1. See figure 5-2 and set up the equipment accord-
ingly. Set up one of the signal generators de-
scribed in table 2-1 (one whose frequency range
is in the receiving range of the antenna being
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used) approximately 15 to 25 feet in front of
the aircraft. Connect to it, by means of a coaxial
cable, a duplicate of the antenna being used to
receive. (For any antenna other than AS-654/-
ALA-6 omit cables O and P and Antenna Con-
trol C-1246/ALA-6.) Make certain that the
signal generator antenna is on a line parallel-
ing the length of the plane and pointing di-
rectly towards the receiving antenna with no
intervening objects between one antenna and the
other. Make certain also that the set-up is in-
stalled in a flat open space at least 100 feet
in diameter,

Step 2. Adjust the Direction Finder Group for normal
operation with the antenna rotating. Advance
the rf output control of the signal generator
until a signal pattern of good definition appears
on the cathode-ray tube screen.

Step 3. Carefully determine the azimuth indication of
the pattern. The pattern must point to zero on
the azimuth scale. If it does not, first check
the orientation of the antenna drive in its
mounting, and turn it to correct the error. If
this does not give a satisfactory indication, then
procedures must be undertaken to adjust the
setting of the antenna resolver in the antenna
drive unit. These procedures are described in
detail in paragraph 6-48d. When the zero indi-
cation is satisfactory the equipment should then
be flight checked and a deviation chart filled
out for the complete 360 degrees of relative
bearing, according to the approved ECN
method.

5-10. RECEIVED SIGNAL PATTERNS. When the
AN/ALA-6 equipment is operating normally, directional
patterns of received signals will be displayed on the
Azimuth Indicator screen which indicate the relative
bearing of the signal source. Many examples of these
presentations are given and discussed in the Handbook
of Operating Instructions AN16-30ALAG-1.

5-11. PRELIMINARY INSPECTION.

5-12, AZIMUTH INDICATOR IP-243/ALA-6. To in-
spect the Azimuth Indicator unit, remove its dust cover
by first turning the fastener screw at the back counter-
clockwise to release it and then sliding the chassis out.
See figure 5-3. Make certain that all tube shields and
spring type tube retainers are in place and solidly fas-
tened; push each tube down firmly into its socket. See
that all control shaft couplings are tightly secured. Make
certain that the cathode-ray tube socket is firmly in
place on the end of the tube itself, and that the plate
cap to the high voltage rectifier tube (V213) is prop-
erly fixed to the cap.
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5-16. ANTENNA CONTROL C-1246/ALA-6 AND
ANTENNA ASSEMBLY AS-654/ALA-6. To inspect
the Antenna Control, first take off the bottom cover
by removing the six screws which hold it, one at each
side of the control panel and one at each lower corner
of the unit. See figures 5-7 and 5-8. Press the tubes
firmly in place, check the tube spring-retainers, inspect
the soldering and give the unit a thorough inspection
like that for the Indicator and Power Supply, as de-
scribed above. Remove the cover from Antenna Assem-
bly AS-654/ALA-6 by removing six screws, two at
each end of the cover and one at each side. Give the
wiring and components a similar inspection.

5-17. OTHER UNITS AND INTERCONNECTIONS.
Give each of the three othet Antenna Assemblies a
careful, complete visual inspection. Look for defective
solder joints, loose screws or nuts, rust, corrosion, or
dirt, damaged or defective receptacles, or anything that
might cause malfunctioning of the unit. Also thor-
oughly inspect each interconnecting cable and its plugs
in a similar manner.

5-18. SYSTEM TEST-JACK MEASUREMENTS. Table
5-1, which follows this paragraph, furnishes a cross-
reference between test-jack points located on the equip-
ment units and the table of minor repair procedures, ta-
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ble 2-2. It will also show which units of the Direction
Finder Group should be replaced in the event of failure
to locate a specific trouble.

5-19. SYSTEM (TROUBLE) ANALYSIS.

5-20. The following is a series of checks to determine
which unit is faulty when the AN/ALA-6 system is not
operating properly. The check of Power Supply PP-
974/ALA-6 is covered in table 5-1.

521. CHECK OF ANTENNA ROTATION. Determine
the following:

Step 1. Turn the ANT. SPEED control to rotate the
antenna first on “150” rpm and then on *“300”
rpm.

Step 2. If it will rotate on “300” rpm only, the speed-
reducing series resistor, R280, is probably open
and may be replaced in the field, since it is
readily accessible on top of the Azimuth Indi-
cator chassis (figure 5-3).

Step 3. If the antenna will rotate on “150” rpm only,
check the ANT. SPEED switch, S203 (figure
5-3), and its associated wiring for open circuits
or contacts.

Step 4. If the antenna will not rotate on either of the

TABLE 5-1
SYSTEM TEST JACK MEASUREMENTS
If Not Within 10
Figure Test On Equipment Percent, Refer to If Repairs Are Not
Number Jack Uniz Reading Applicable Checks In Effected, Replace Unit
5-5 J105 Power Supply —150 vde Table 5-2, Power Supply or
PP-974/ALA-G Item 11 Azimuth Indicator
5-5 J106 Power Supply 250 vdc Table 5-2, Azimuth Indicator
PP-974]ALA-6 Items 1 and 13
5-3 J211 Azimuth Indicator -+250 vdc* Table 5-2, Azimuth Indicator
IP-243/ALA-6 Items 2 and 10
5-3 J212 Azimuth Indicator —1.45 vdc Table 5-2, Azimuth Indicator
1P-243]/ALA-6 Items 2, 7, 8 and 11
5-3 J213 Azimuth Indicator 0 vdc Table 5-2, Power Supply
IP-243[ALA-6 Items 9 and 11
5-3 J214 Azimuth Indicator +147 vdc Table 5-2, Azimuth Indicator
IP-243[ALA-6 Items 1, 2, 4, 9 and 13
5-3 J215 Azimuth Indicator -+147 vdc Table 5-2, Azimuth Indicator
1P-243/ALA-6 Items 1, 2, 3,9 and 13
5-3 J216 Azimuth Indicator —3.2 vdc Table 5-2, Azimuth Indicator
IP-243/ALA-6 Items 2, 3, 10 and 11 or Power Supply
5-3 J217 Azimuth Indicator —3.2vdc Table 5-2, Azimuth Indicator or
IP-243/ALA-6 Items 2, 4, 10 and 11 Power Supply
5-3 J218 Azimuth Indicator —220 vdc Table 5-2, Azimuth Indicator
I1P-243/ALA-6 Items 1 and 6

NOTE: Voltages read between test jack and chassis with vacuum tube voltmeter (table 2-1).

* No signal input; GAIN control fully counterclockwise.

58












Section V
Paragraphs 5-22 to 5-23

AN 16-30ALA6-2

CABLE K

Puse 0u1(0)

AZIMUTH INDICATOR

PULSE GENERATOR IP-243/ALA-6
HEWLETT~PACKARD
212A J204

O O

275vDC
—
I15VAC-380-420CPS

POWER SUPPLY
PP-974/ALA-6

Pl0o4

CABLE N Fiol

ADAPTER UG-201/U l
PLUG UG-206/U CABLE D P201 K

Figure 5-9. Bench-Test Setup for Check of Azimuth Indicator

5-22. CHECK OF RECEIVER. The output of the re-
ceiver can be checked simply by listening to the video
output with a headset or measuring the output with the
ac vacuum tube voltmeter listed in table 2-1 while tuning
for stations over its whole range. The signal output
should be checked at the output end of cable D, shown
in figure 5-2, with a 1000 ohm load resistor connected
to the output for the meter reading. The output must be
at least 0.2 volt peak for normal operation of the Indi-
cator, If the receiver does not function, try a temporary
antenna to check the regular antenna circuits, and then,
if necessary, replace the receiver.

5-23. CHECK OF ANTENNA ASSEMBLY AS-654/-
ALA-6 AND ANTENNA CONTROL C-1246/ALA-6.
Check out the functions of the Antenna Control unit
and the ability of the servo controlled tuning system
in the Antenna to follow properly. To do this, follow
the steps given below and refer to the illustrations of
signal generator, radiating antenna and receiving an-
tenna given in figure 5-2.

Step 1. Turn the Antenna Control band switch to the
60-86 mc position and set the tuning dial to
66 mc (figure 5-10).

Step 2. Turn ANT. SPEED control on the Azimuth
Indicator unit to S position (standby, power
on) and adjust the Direction Finder Group
for normal operation.

Step 3. Connect the signal generator to Antenna Coup-
ler CU-398/ALA-6 by a length of RG-9/U
coaxial cable, using a UG-21B/U connector
to mate the Coupler jack J301, according to
figure 5-2.

Step 4. Mount one Antenna Assembly AS-654/ALA-6
(that has been tested and known to be in good
condition) in a position with the rotating rf
connector-joint pointing upward. Then lower
the Antenna Coupler, with its mating rotating
rf connector-joint over the antenna’s connector
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Step 5.
Step 6.
Step 7.

Step 8.

Step 9.

Step 10.

until it rests upon it and makes sound contact
(figure 5-2).

Align the antenna connected to the signal gen-
erator so that it will radiate rf to the receiving
antenna on the Direction Finder Group. Sepa-
rate the antennas by 15 to 25 feet, with no
intervening objects and in a cleared area at
least 100 feet in diameter.

To one end of a length of seven-conductor
cable (cable N, table 2-3), attach a plug type
AN3106B-168-18; this is marked PE-1 in fig-
ure 5-2. To the other end, attach a receptacle
AN3101-16S-1P; this is marked SE-1.

Disconnect plug P501 from jack J501 on the
receiving Antenna Assembly. Connect plug
P501 to receptacle SE-1, and connect plug PE-1
to jack J501 on the radiating Antenna. When
these connections are made, the temporary
radiating Antenna will automatically adjust its
tuning to 66 mc, which is the same frequency
set on the receiving Antenna by step 1.

Put plug P501 back to its former position on
jack J501 on the receiving antenna.

Tune the signal generator to 66 mc. Turn the
Indicator GAIN control to a point that is
three-fourths of its full clockwise rotation.
Turn ANT. SPEED control to 300 rpm. While
watching the Indicator screen, turn the signal
generator output control and receiver gain
clockwise until a normal-size signal pattern is
visible.

Rock the tuning dial of the control unit up
and down across 66 mc while watching the pat-
tern on the Indicator screen. The pattern
should be the longest at 66 mc rather than a
little below or a little above that frequency.
If this is so, the frequency tracking between
antenna control and antenna tuning is satis-
factory.
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Step 7. If step 2 reveals a cause for trouble, clean as
per paragraph 5-34.

Step 8. In the event of excessive damage not correct-
able by the above steps, replace Antenna Coup-
ler CU-398/ALA-6. See figures 5-12 and 5-13.

5-25. CHECK OF ANTENNA. If, in the checks of para-
graphs 5-19 through 5-24 above, it is believed that the
antenna assembly in use is causing subnormal or abnor-
mal operation of the AN/ALA-G equipment, first re-
place cable D which connects the antenna output to re-
ceiver input (figure 5-2), and then replace the antenna
itself. In some cases substituting another cable and an-
tenna temporarily without installing them may be the
quickest most practicable check of whether there is
trouble in the installed antenna.
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5-26. REMOVAL AND REPLACEMENT.

5-27. SUBASSEMBLIES. There are no subassemblies in
Direction Finder Group AN/ALA-6 whose replacement
lies within the technical jurisdiction of operational per-
sonnel except tubes, pilot lamps and fuses.

5-28. MAJOR ASSEMBLIES. The removal of units of
the equipment will be in reverse order of that procedure
followed by the installing activity and their replacement
will be a repeat of applicable steps of installation.

5-29. MINOR REPAIR AND ADJUSTMENT.

5-30. MINOR REPAIR. Minor repairs of the equip-
ment within the technical jurisdiction of operational
personnel are outlined in tabular form in the following
table (Table 5-2).

TABLE 5-2
MINOR REPAIR PROCEDURE
Effect of Reference
Item Trouble Check For Figure
1. No spot, trace or light on Power switch setting “S” position is “ON” Fig. 6-3
Indicator screen. INTENSITY control Setting too low Fig. 6-3
Aircraft electrical 27.5 vdc and 115 vac _
power supply 380-420 cps
Fuses F101 or F102 Open Fig. 5-11
Plug P103 and cable J Open or shorted wires, Fig. 5-2
to Power Supply pins or receptacles
PP-974/ALA.6
Plug P101, Plug Open or shorted wires, Fig. 5-2
P201 and Cable N pins or receptacle
Socket XV214 to cathode- Solid connection to CRT; Fig. 5-3
ray tube cracked shell; open
wire connection, etc.
Rectifier tube V101 in Weak or burned-out Fig. 5-5
power supply filament; shorted
High voltage rectifier Weak or shorted or Fig. 5-3
tube V213 open filament
2. A spot of very bright light Horizontal deflection Weak or burned-out Fig. 5-3
appears on the indicator screen, amplifier V212 condition
but no signal pattern appears, Vertical deflection Weak or burned-out Fig. 5-3
even th(.)ugh 1t 1s suspe?ted amplifier V211 condition
that an incoming signal is Phase inverter V210 Weak or burned-out Fig. 5-3
present at the output of the condition
receiver. . .
Isolation amplifiers Weak or burned-out Fig. 5-3
V208 and V209 condition
Video cathode Weak or burned-out Fig. 5-3
follower V204 condition
Summing amplifier V203 Weak or burned-out Fig. 5-3
condition
Video amplifier V202 Weak or burned-out Fig. 5-3
condition
Throw pulse polarity If a pattern becomes Fig. 5-3
switch apparent, replace
inverter tube V201
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TABLE 5-2 (cont)
MINOR REPAIR PROCEDURE
Effect of Reference
Item Trouble Check For Figure
3. A distorted signal pattern is Horizontal deflection Weak or burned-out Fig. 5-3
visible, which presents a amplifier V212 condition
vertical characteristic only. Phase inverter V210 Weak or burned-out Fig. 53
condition
Isolation amplifier V209 Weak or burned-out Fig. 5-3
condition
4. A distorted signal pattern is Vertical deflection Weak or burned-out Fig. 5-3
visible, which presents a amplifier V211 condition
horizontal characteristic only. Phase inverter V210 Weak or burned-out Fig. 5-3
condition
Isolation amplifier V208 Weak or burned-out Fig. 5-3
condition
5. Beam modulator control has Beam modulator V205 Weak or burned-out Fig. 5-3
no effect. condition
6. A signal pattern is visible, but High voltage rectifier Weak or burned-out Fig. 5-3
cannot be focused. tube V213 condition
Cathode-ray tube V214 (See Note 1.) Fig. 5-3
7. A signal pattern is visible, but Expander diode V201 Weak or burned-out Fig. 5-3
the EXPANDER control has condition
no effect. Summing amplifier V203 Weak or burned-out Fig. 53
condition
8. A signal pattern is visible, but Expander diode V201 Weak or burned-out Fig. 5-3
the EXPANDER control does condition
not have sufficient effect. Summing amplifier V203 Weak or burned-out Fig. 5-3
condition
Rectifier tube V201 Weak or burned-out Fig. 5-5
condition
Aircraft electrical Low voltage —_
power supply
9. A signal pattern is present, but Isolation amplifier V208 Weak or burned-out Fig. 5-3
the heading line is absent condition
(or the line deflects in a Isolation amplifier V209 Weak or burned-out Fig. 5-3
vertical or horizontal condition
position only). Cathode follower V207 Weak or burned-out Fig. 5-3
condition
Blocking oscillator V206 Weak or burned-out Fig. 5-3
condition
Flux gate compass resolver Open winding —_—
Plug P208 and cable A to Open or shorted wires, Fig. 5-2
compass junction box pins, or receptacles
Plug P209 and cable B Open or shorted Fig. 5-2
to compass junction box wires, pins, or receptacles
Plug P210 and cable C to Open or shorted wires, Fig. 5-2
compass junction box pins, or receptacles
10. Light will appear on the screen, All tubes in Azimuth Weak or burned-out Fig. 5-3

and the heading line is present
(if compass is used), but no
signal pattern of relative
bearing will appear.

Indicator except high
voltage rectifier V213,
blocking oscillator
V206 and cathode
follower V207

condition
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TABLE 5-2 (comt)

MINOR REPAIR PROCEDURE

Effect of Reference
Item Trouble Check For Figure
Associated receiver Video output _
Plug P204 and cable D Open or shorted wires Fig. 5-2
or connections
Plug P301 or P801 Open or shorted wires Fig. 5-2
and cable H or connections
11, GAIN control does not function. Bias rectifier V102 Weak or burned-out Fig. 5-5
condition (See Note 2)
V201, V202, V203, V204, Gassy or shorted Fig. 5-3
V207, V211, V212 in condition
Azimuth Indicator
IP-243/ALA-6
12, Signal pattern and bearing line Voltage regulator V103 Weak or burned-out Fig. 5-5
are present on the screen, but condition
both vary in size (length) at DC amplifier V104 Weak or burned-out Fig. 5-5
periodic intervals. condition
Voltage reference Weak or burned-out Fig. 5-5
tube V105 condition
Aircraft electrical 27.5 vdc and 115 vac— —_—
power supply 380-420 cps
13, A fuse has blown on Power Rectifier tube V101 Shorted condition Fig. 5-5
Supply PP-974/ALA-6 and Throw Servo Power switch If the fuse does not blow, Fig. 5-5
every time a new one is to EXT. position check V401 and V402 Fig. 5-7
installed, it too blows in Antenna Control
immediately. C-1246| ALA-6; or
check plugs P102 and
P402, and cable P
for shorts
Plug Pi01 and P201, Short circuits Fig. 5-2
and cable N
14, When using Antenna Assembly Servo amplifiers V401 Weak, shorted, or Fig. 5-7
AS-654] ALA-6 and Antenna and V402 in Antenna burned-out condition
Control C-1246/ALA-6, it is Control C-1246/ALA-6
possible to receive only a very Plugs P401 and P501, Open or shorted wires, Fig. 5-2
harrow range of frequo:ancy and cable O pins, or receptacles
instead of over the entire Plugs P102 and P402, Open or shorted wires, Fig. 5-2
range of this antenna. and cable P pins, or receptacles
Fuses F104 and F105 Open condition (for EXT. Fig. 14
servo power)
15. Heading line is present, but Antenna is not rotating; Open or shorted wires, Fig. 5-2
signal pattern for relative check plugs P202 and pins, or receptacles
bearing is distorted to a single P302, and cable L
line radiating from the Plugs P101 and P201, Open or shorted wires, Fig. 5-2
center of the screen and and cable N pins, or receptacles
appears on (?nly one Fuse F103 Open condition Fig. 14
compass point of the (d-c power)
azimuth scale. . .
Plug P104 Open wires Fig. 5-2
Aircraft electrical 27.5 vdc
power supply
Switch 8203 Open wires or contacts Fig. 6-3
ANT. SPEED

NOTE 1: Refer cathode-ray tube replacement to qualified Field and FASRON maintenance personnel.

NOTE 2: It is advisable to check bias rectifier V102 at regular intervals (200 hours). When this tube weakens, negative bias voltage
on the grids of the amplifier tubes in Azimuth Indicator IP-243/ALA-G will drop, causing these tubes to draw more
current, and thereby shorten their life.
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Section VI
Paragraphs 6-1 to 6-5

SECTION VI
FIELD MAINTENANCE

6-1. MINIMUM PERFORMANCE STANDARDS.

6-2. GENERAL. The information in this section is pre-
sented for the guidance of personnel whose technical
capabilities fall within the classification of Field Main-
tenance, This section presupposes that the maintenance
specialists have been thoroughly trained in maintenance
practices, and that they have had previous experience
in performance testing, alignment and adjustment on
similar types of equipment. For maintenance procedures
classed as major overhaul, personnel are referred to
Handbook of Overhaul Instructions AN16-30ALAG-3.

6-3. MINIMUM PERFORMANCE DATA. The fol-
lowing tables, 6-1 and 6-2, list the standards of minimum
performance for the individual units of Direction Finder

Group AN/ALA-6, and the accompanying paragraphs
are explanatory supplements to the tables. See table 2-1
for a list of test equipment.

6-4. AZIMUTH INDICATOR IP-243/ALA-6. See
table 6-1.

6-5. PULSE-GAIN TEST. Connect test equipment and
units of Direction Finder Group AN/ALA-6 as shown
in figure 6-1. Inject a negative pulse of 0.1 volt, 3-micro-

seconds, 1000 pps into J-204 via cable D, Periodical-
ly check the input pulse voltage to keep it at the
level specified. Set the pulse-polarity switch S201
(figure 5-3) in the negative position, clockwise.

TABLE 6-1
MINIMUM PERFORMANCE DATA: AZIMUTH INDICATOR 1P-243/ALA-6

Characteristic Specifications

Conditions Reference

Minimum of 1-14¢ inch deflection
on screen

Negative pulse gain

Minimum of 1-14¢ inch deflection
on screen

Positive pulse gain

Linearity 0.1V signal input voltage for 1 inch
deflection between 0.119V and
0.129V total signal input voltage
to produce an increase to 1-% inch

Expansion Rotate EXPANDER control fully cw

and obtain minimum of 3}-inch
deflection

True Heading Line Line must reach the edge of the
indicator screen at, or before the
full cw rotation of TRUE-HD.

control is reached

Frequency response 300 kilocycles or more

Beam modulator (See par, 6-10)

control
Ac power 35 watts normal
consumption 0.31 amps normal

$201 in negative position.
0.1 volt, 3-microsecond,
1000 pps, negative input

Paragraph 6-5

$201 in positive position.
0.1 volt, 3-microsecond,
1000 pps, positive input.

Paragraph 6-5

§201 in negative position.
0.1 volt, 3-microsecond,
1000 pps, negative input.
Initially set GAIN control
for 1-inch deflection,

Paragraph 6-6

$201 in negative position.

0.1 volt, 3-microsecond,

1000 pps, negative input.
Initially set GAIN control

for 3g-inch deflection, with
EXPANDER ‘control fully ccw.

Equipment connected per
paragraph G6-8.

Paragraph 6-7

Paragraph 6-8

$201 in negative position.
0.1 volt, 3-microsecond,
1000 pps, negative input.
(See par. 6-9).

(See par. 6-10)

Paragraph 6-9

Paragraph 6-10

Indicator adjusted for normal
operation.
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Adjust the Indicator GAIN control and manually ro-
tate the Antenna Drive for the highest response. Pulse
gain is satisfactory if a minimum of 1-14 inches deflec-
tion on the cathode-ray tube can be obtained. For a posi-
tive-pulse gain test, repeat the steps above except inject
a positive pulse instead of a negative pulse, and set the
pulse-polarity switch in the positive position, counter-
clockwise.

6-6. LINEARITY CHECK. With the same test set-up
(figure 6-1), and the pulse-polarity switch S201 (fig-
ure 5-3) in negative position, (clockwise}, inject a 0.1
volt, 3-microsecond, 1000 pps negative signal into the
Azimuth Indicator  via the cable from the pulse generator,
into J204. Set the Indicator GAIN control to produce a
one-inch deflection on the Indicator screen. Now in-
crease the signal input until a 1-1; inch deflection is
obtained. The test is satisfactory if the total signal input
after increase to 1-1; inch deflection is between the
limits of 0.119 volts to 0.129 volts, Ideal linearity would
be a total of 0.125 volts.

6-7. EXPANDER TEST. Retain the bench-test set-up of
figure 6-1. Set the Indicator pulse-polarity switch S201
in negative position (clockwise) and inject a pulse of 3-
microseconds, 1000 pps, 0.1 volt and of negative polarity
into the Azimh Indicator via the cable from the pulse
generator to J204 on the Azimmth Indicator., Rotate the
Drive unit manually for highest output and adjust the

T.0. 12P3-2ALA6-2

Indicator GAIN control for one-centimeter deflection
on the cathode-ray tube, with EXPANDER coatrol in
extreme counterclockwise position. Turn EXPANDER
control from the extreme counterclockwise to the ex-
treme clockwise position. If this action produces at least
a two-centimeter deflection, the expander test is
satisfactory.

6-8. HEADING-LINE TEST. Retain the bench test set-
up of figure 6-1, except change cable E and plug P207
from jack J207 to jack J209, and change cable F and
plug P206 from jack J206 to jack J210. The changed
connections are indicated by dotted lines and symbols
in parenthesis, Disconnect P204 of cable D from the
pulse generator and attach it to jack J208 on the Iadi-
cator panel. This will take pulses from the blocking
oscillator of the Indicator unit and deliver them to the
antenna resolver. Rotate the Drive unit manually for the
highest output when TRUE HD, control on the Indi-
cator is advanced. If a deflection line reaches the edge
of the cathode-ray screen with the TRUE HD. control
anywhere below its maximum position, the magnetic
heading line test is satisfactory.

6-9. AMPLIFIER FREQUENCY RESPONSE TEST.
Arrange the equipment units and test equipment as illus-
trated in figure 6-2. Set the pulse generator for 3-
microsecond, 1000 pps, 0.1-volt pulse of negative po-
larity. Set the pulse-polarity switch S201 on the Indi-

J205
\

CABLE K

J302  ANTENNA
DRIVE
TG-23/ALA-6

J305 J306 J307

AZIMUTH INDICATOR
IP-243/ALA-6

J207 J206

@ T208 420
10 .
L F__~-"p207
ABLE E
CABLE F
Q:; CABLE G JJ

PULSE GENERATOR
HEWLETT~PACKARD
212A

Puise our(©)
ADAPTER UG=-201/U if"?o“‘

CABLE D

27.5vDC

8

II5VAC-380-420CPS
P04

+P204

POWER SUPPLY
/PZOS PP-Q74/ALA-6

- P201

CABLE N PIO1

B Figure 6-1. Bench Test Set-up for Minimum Performance Tests
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cator unit to negative (clockwise) position (figure 5-3).
Connect the vertical input of the oscilloscope temporar-
ily to the output of the pulse generator and check the
rise time (1.2 microseconds or less). Now reconnect the
oscilloscope and pulse generator as per figure 6-2. With
the pulse voltage-divider on the 10:1 range, attach its
probe to a plate of one of the deflection amplifiers,
V211 or V212. See figure 5-3 for tube location and 54
for the sockets. Rotate the Drive unit manually for the
highest indication, and measure the rise time of the
pulse upon issuing from the amplifier. If the rise time
is 1.3 microseconds or less, the amplifier frequency re-
sponse is 300 kilocycles or better; according to the for-

0.39

mula f, = (f. = frequency in megacycles where

Section VI
Paragraphs 6-10 to 612

response is down 6db, t, = time of rise of pulse from
zero to max.) A 300 kc response or better is required.

6-10. BEAM MODULATOR CONTROL TEST. With
the Direction Finder Group under normal operating
conditions and with BEAM MOD. fully counterclock-
wise, turn the INTENSITY control counterclockwise
until the trace just disappears. Then turn the BEAM
MOD. control in a clockwise direction. The line should
now reappear, but with the end near the center of the
screen missing. Turning the control further clockwise
should increase the intensity of the line. As a precau-
tion, conclude by turning the BEAM MOD. control back
to the extreme counterclockwise position.

t, 6-11. POWER SUPPLY PP-974/ALA-G. See table 6-2.
TABLE 6-2
MINIMUM PERFORMANCE DATA: POWER SUPPLY PP-974/ALA-6
Item DC AC Relay-Holding Data
Power Requirements 27.5 vdc 115 vac, 380-420 cps Relays shall hold with a
115 vac, 380-1000 cps minimum of 18 vdc on their
Output +27.5 vdc 115 vac, 380-1000 cps coils. Factory tests record
+265 vdc 26 vac, 380-420 cps a minimum of 14 vdc.
—150 vdc 6.3 vac

B+ Regulation

4265 vdc =2.65 v with

load 20% above or
below normal

+265 vdc supply: 18
millivolts rms normal; 50
millivolts rms max limit

Output Ripple

—150 vdc supply: 800
millivolts rms normal;
1.5 v rms max limit

Power Consumption Current: 5.2 amp dc

150 watts
Max limit: 200 watts
Current: 1.27 amp ac

6-12. ANTENNA CONTROL C-1246/ALA-6, GAIN
MEASUREMENTS. To measure the gain of the servo
amplifier in C-1246/ALA-6:

a. With C-1246/ALA-6 connected to an operating
AN/ALA-G system, disconnect plug P401 (fig-
ure 5-2).

b. Remove the cover from the C-1246/ALA-6 by tak-
ing out the six screws and ground one side of tun-
ing potentiometer R401 to chassis and move R401
by turning the dial so that 0.05 volts rms exist be-
tween V401 pin 2 and chassis (figure 5-7).

c. Measure plate-to-plate output of V401 (pins 1 and

6) on an a-c VIVM (table 2-1). Record this value
(it should be approximately 2.5 volts tms).

d. Note the gain of V401. This equals output-volt-
age/input-voltage. It should be 2.5/0.05 or 50,
approximately.

e. Measure plate-to-plate output of V402 (pins 1 and
6). Record this value (it should be about 90 volts
rms). Note the gain of V402, which is equal to
output-voltage /input-voltage. It should be 90/2.5
or 36, approximately.

f. Measure voltage across secondary of T401 (fig-
ure 5-8) at terminals 4 and 5 (step-down ratio
4:1). Record this value, which should be 90/4 or
22.5, approximately.

75



Section VI
Paragraphs 6—13 to 6-15

AN 16-30ALA6-2
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Figure 6-2. Bench Test Set-up for Amplifier Frequency Response Test

6-13. ELECYRONIC AND MECHANICAL TROUBLE
ANALYSIS.

6-14. AZIMUTH INDICATOR 1P-243/ALA-6. The
instructions and data furnished in table 6-3, will be an
aid in diagnosing and correcting troubles which may
occur in the Azimuth Indicator. The information and
suggestions are presented in tabular form to facilitate
the rapid location of a specific trouble at hand. In using
this table, first consult the left-hand column for the
description of the trouble encountered. Then look in
the next column to the right for the most probable cause
of the trouble. In the third and fourth columns are sug-
gestions on the most direct test and remedy for the
trouble. Illustrations appear in sections IV and VII,
which are marked with star and circle test points; these
and others are referred to by figure mumber in the
extreme right-hand column of the table. Test points are
referenced, where applicable, for convenience in denot-
ing specific circuits and points where tests are to be
made. The symptoms are listed in progressive order, each
step depending, at least in part, on the previous tests
having been made, or considered.

6-15. CHECK OF DIODE CRYSTALS, A simple direct
test of a crystal diode, such as the type 1IN70 used for
CR201, CR202, and CR203 can be made by measuring

76 Change 6

the forward resistance and the back resistance of the
crystal with an ohmmeter. The back resistance should
be at least 160,000 ohms for an ohmmeter with a 50-volt
battery, 400,000 ohms for an ohmmeter with a 10-volt
battery, etc. The forward resistance must not be over
330 ohms, and the ratio of back resistance to front resist-
ance must be at least 450 to 1. CR201 can be checked
in the Azimuth Indicator as follows. With pulse-polarity
switch $201 counterclockwise at positive, feed a pulse
signal (0.1 volt, 3 microsecond, 1000 pps) from a pulse
generator (table 2-1) into SIG INPUT ]J204. Adjust the
Indicator for a presentation line that reaches to the edge
of the screen. When the polarity of the pulse input is
reversed, the line on the screen should shorten to prac-
tically a spot, indicating high attenuation of reverse
polarity signals by CR201. CR202 and CR203 can be
checked by feeding the same pulse signal into J205
through a 0.1 mfd capacitor and increasing the output
to 10v. Connect a test oscilloscope to the grid, pin 1, of
V205. With the BEAM MOD. control fully clockwise,
adjust for a full screen pattern on the oscilloscope with
positively-polarized pulses. Turning BEAM MOD. coun-
terclockwise should reduce the pattern practically to
zero, grounded through CR202; reversing the pulse
polarity to negative should reduce the pattern practically
to zero, grounded through CR203. Disconnecting and
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TABLE 6-3

TROUBLE ANALYSIS: AZIMUTH INDICATOR iP-243/ALA-6

Section VI

Trouble Probable Cause Test Remedy Reference
1. Tubes and pilot A. Power switch not on Power switch position Turn ANT. SPEED Figure 6-3
Iamps do not light control to “S”
position. (Standby
with power on)
B. Aircraft not supplying | Aircraft power supply Restore power source —_—
power to Power
Supply PP-974]ALA-6
C. Fuses F101 and/or Inspect fuses Replace burned out Figure 5-11
F102 open (Table fuses
6-4)
D. Cables J, K, or N For shorts or broken Repair or replace cable Figure 5-2
and their associated wires
connectors and wires
E. Power microswitch For switch circuit Replace switch §202 Figure 5-3
defective continuity
F. Power relay (K101) Continuity of coil, Replace relay Figures 5-6
open coil or bad term. 1to 8 and 7-2
contacts (Table 6-4)
G. Open primary circuit Primary circuit con- Repair connections, ot Figures 54,
in transformer T202 tinuity; test point 2 replace transformer T202 7-1, and 7-2

H. Broken wire or bad
solder connection in

Heater circuit
continuity; test

Repair as needed

Figures 5-4, 7-1,
and 7-2

heater circuit point 8
2. +265 vdc does not A. Power Supply Test point 8 (See item 2, Table 6-4) Figures 7-1
appear at any point PP-974/ ALA-6 and 7-2
in Indicator chassis
3. Heading line is A. Associated receiver Receiver output Repair per receiver —_
present, but no Handbook
received-signal B. Amplifier tube V201, V202, V203, Replace de