
OPERATION 
AND 
MAINTENANCE 
MANUAL 

NAVA 





Б ИЙҮҮ 
MARKER, G/S, МОК, LOC, COMM, AND AUTO 

PILOT RAMP AND BENCH TEST SET 

SUPPLEMENTAL MANUAL 

Supplement Part Number: 1-09-0727 
Basic Manual Part Number: 1-09-0726 
Serial Number Effectivity: 130 and on 
Date Printed: August 1977 

NOTICE 
THIS MANUAL IS INCOMPLETE WITHOUT NAV-401L 

OPERATION AND MAINTENANCE MANUAL, PART МОМ- 

BER 1-09-0726, NOVEMBER, 1976, PRINTING. 

4053 Navajo Lane / Wichita, Kansas 67210 U.S.A. /(316) 685-9271 / TWX. 910-741-6952 



INTRODUCTION 

Because of the basic simalarities between the NAV-402AP 
and NAV-401L Test Sets, the NAV-402AP Operation and Main- 
tenance Manual is written as a supplement to the NAV-401L 
Operation and Maintenance Manual. All of the information 
contained in the NAV-401L Manual is applicable to both 
the NAV-401L and NAV-402AP test sets except as noted in the 

NAV-402AP supplement; all references to the NAV-401L in 
the NAV-401L Manual should be ignored. Information in the 
NAV-402AP Supplement is applicable only to the NAV-402AP 
Test Set. 

The pages in the NAV-402AP Supplement can be inserted into 
tha basic manual. Page numbers followed by /AP should be 
inserted facing the existing page; i.e. page 1-1 is a right 
hand page and page 1-1/AP is a left hand page which should 
be inserted before page 1-1 so that it is facing that page. 
Paragraph numbers and figure numbers with the /AP suffixes 
contain information to be added to existing paragraphs or 

figures. Supplement paragraphs and figures without the 
/AP suffixes replace the entire paragraph or figure in the 
basic manual 
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SECTION I GENERAL INFORMATION 

1-2. The МАУ-402АР is a FCC Type-Accepted bench and ramp 
test set designed to meet the electronic functional require- 

ments of Category Г, Category IT and Category III ILS 
systems, and Communication (COMM), Navigation (NAV) and 
Marker (MKR) systems. 

1-10. The NAV-402AP contains features to allow testing 

of sophisticated autopilot systems. These features include 

the automatic sweep of the LOC DDM, two crystal controlled 
VOR frequencies, and two paired, crystal controlled LOC and 

G/S frequencies. 

je AD 
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SECTION II TECHNICAL SUMMARY 

RF OUTPUT 

CRYSTAL 

CONTROL: MIA ТОН АН лу. 75. ОООМН2 

О. LO: 108.000MHz 

HI: 112.800MHz 

ВОС... 108.100MHz 
G/SA TE M Ж, LO: 329.600MHz 

HIS 9394.700MHz 
COMM EX TEEN n. 126.900MHz 

NOTE 

eThe G/S 329.600MHz and 334. 700MHz 
crystals are paired with the LOC 
110.500MHz and 108.100MHz crystals, 
respectively, of the dual LOC 
transmitter during simultaneous 

transmission of G/S and LOC sig- 
nal in G/S XTL operation. 

eAny crystal frequency may 

be specially installed in each 
band. 

2-1/AP 



LOC SIGNAL 

DDM: .093, .155, .200 DDM and tone 
delete. Accuracy +0.0013 DDM 
(+ 1.3uA). Variable control 
+0.4 DDM. (See Table 5-2). 

LOC modulation will automatically 
sweep about O DDM; peak amplitude 

adjustable from O to 30uA 

(40.031 ПОМ). 

2-2/АР 
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ЗЕСТТОМ 111 ОРЕКАТТОМ 

3-7. CRYSTAL НТ EO SWITCH "ІНЕ CRYSTAL НТ/ПО switch (2) 
selects between the high and low frequency crystals in the 
G/S XTL and VOR XTL modes. In G/S XTL mode the switch also 
applies power to the appropriate localizer transmitter which 
is paired with each glide slope crystal if the LOC-PEAK/AVG 

switch is in the LOC-PEAK position. 

3-1/ AP 



3-10. VARIABLE FREQUENCY CONTROLS. The coarse and fine VAR 
FREQ controls (5) manually sweep the internal signal gener- 
ator frequency, with cw rotation increasing the output freq- 
uency. The frequency MODE switch must be in one of the VAR 
positions for this mode of operation. The coarse control, the 
larger knob close to the front panel, gives from 1 to 2 MHz 
deviation per turn. The fine control, the small outer knob, 
gives approximately 20 to 40 kHz deviation per turn. Both 
controls are 10-turn pots. 

3-11. Phase Lock Circuit. All frequencies in the variable 

frequency modes are always phase locked. Phase lock is 
obtained every 25 kHz in all the variable frequency modes except 
for Glide Slope. Glide Slope frequencies are phase locked in 
50 kHz increments. 

3-12. The VAR FREQ controls are used to select the desired 
phase locked frequencies. Phase lock is indicated by the pro- 
per count on the frequency counter, 50 kHz increments for Glide 
Slope frequencies, 25 kHz increments on all other bands. It 
is necessary to adjust for the phase locked steps since the 

pull-in range of the phase lock circuit is less the 25 kHz. 
A phase lock on any frequency other than the 25 or 50 kHz steps 

is not valid and will have severe frequency modulation. 

NOTE 

The variable frequency oscillator should not be 
adjusted to a frequency within +5kHz of an XTAL 
frequency to avoid interaction between the oscill- 

tor circuits. 



FRONT PANEL 

24 

31 20 

2. Crystal Hi/Lo Switch 

20. Localizer Variable 

DDM/DDM Sweep 
Amplitude Control 

31. Localizer DDM Sweep Control 

REAR PANEL 

D. Fuse (зашреге, Slo-Blo) 
(5 ampere, Slo-Blo fuse also located 
inside case on card cage.) 

Figure 3-1/AP. Controls, Indicators, and Connectors 

3-3/ AP 



3-26. LOCALIZER VARIABLE DDM/DDM SWEEP AMPLITUDE CONTROL. 
The Localizer Variable DDM and DDM Sweep Amplitude control (20) 
continuously varies the LOC pointer deflection from .4 DDM left 

through O DDM through .4 DDM right when the Localizer DDM Sweep 
control is in O position. Clockwise rotation gives right point- 
er-deflection. The LOC DDM control must be in the arrow posi- 
tion for operation. When the Localizer DDM Sweep control is in 
a sweep (S) position the amplitude of the LOC DDM sweep can be 
adjusted from О to ЗОнА (+0.031 ПОМ). 

3-6/АР 



3-36А, LOCALIZER DDM SWEEP CONTROL. Тһе Localizer ПОМ Sweep 
control (31) controls the sweep of the Localizer DDM. In 0 
position the sweep. окови In the Arm terri (AL) and Arm Right 
(AR) positions the sweep circuitry is preset to O DDM and the 

sweep will start то пе Mert (Alor rieht CAR) when the control 
is placed in the Sweep (S) position. In the Arm positions, the 

LOC Variable DDM/DDM Sweep Amplitude control will vary the peak 

sweep amplitude from O to 30 wA with the LOC DDM control in the 

arrow position. 

3-7/ AP 



Table 4-1: 

2/AP. VOR OPERATION 

CRYSTAL HI/LO Switch Use to select between the two 

crystals in VOR XTL mode. 

4-6/AP 





Table 4-1: 

3/AP. LOC OPERATION 

LOC DDM Control Stepped - Used for precise amounts 
of deflection and flag tests. 

VAR/Sweep Ampl - Used for checking 
auto-pilot servos, meter stickness, 
etc, or to set DDM sweep amplitude. 

LOC DDM Sweep Control Used to select initial direction of 
өуеер start. 

4/AP. G/S OPERATION 1 

CRYSTAL HI/LO Switch Use to select between the two cry- 
stals in G/S XTL mode. 

4-8/АР 
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Оп PC-3 the 90Hz and 15082 square waveS are processed 

through synthesizers to obtain low distortion sine waves. 
The 90Hz output is applied to the LOC and G/S centering 

adjust controls, then to the AUTO PILOT Sweep Generator 
and the LOC and G/S deviation switches. The 150Hz output 
is applied directly to the LOC and G/S deviation switches 

and the AUTO PILOT Sweep Generator. The Sweep output 
is applied to the LOC deviation switch. The 90Hz and 

the 150Hz signals are properly summed in the LOC and G/S 

deviation switches, and the output is applied to the 30Hz 

Sine Board, PC-4. 

6-2/AP 



МОТЕ 

The Overall Block Diagram for the 
NAV-402AP is identical to the NAV- 
401L except as noted on this sheet. 

90Hz 
LO 

COMBINATION OH 

SINE BOARD 

PC-3 

Figure 6-1/AP. Simplified Overall Block Diagram, МАУ-402АР 

6-3/AP 
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6-5/AP 

NOTE 

The Simplified Tone Generator 

Block Diagram for the NAV-402AP 

is identical to the NAV-401L except 

as noted on this sheet. 

LOC LOC G/S 
90Hz G/S 90Hz 

150Hz 

COMBINATION 
SINE BOARD 

PC-3 

Figure 6-2/AP. Simplified Tone Generator Block Diagram. 
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6-26. All RF energy is generated in the test set by the oscillator 
assembly, assembly 5. Within the assembly are five crystal con- 

trolled oscillators and one variable-frequency oscillator, band- 
switched to cover from 72-78MHz and 107-156MHz. The MKR, LOC, and 
COMM oscillators each have one crystal. The VOR and G/S oscillators 
each have two selectable crystals. The crystal frequencies are those 

authorized for ramp use by the FAA. Special frequencies can be sub- 

stituted 11 required: 

6-9/AP 
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6-33. А dual crystal controlled localizer transmitter is in- 

stalled in the test set and is activated when the LOC-PEAK/AVG 

switch is іп ГОС-РЕДК post ЛӨП in G/S SIL mode. Тһе trans- 
mitter is installed for simultaneous operation with the glide 

slope transmitter. The frequency of each localizer transmitter 
is paired with a glide slope crystal frequency; the appropriate 

transmitter receives power through the CRYSTAL HI/LO switch. 
The output level of the localizer transmitters is approximately 

-18 dBm апа TS mixed with the G/S ATL ВЕ пп the Diode Protect 
Block. 

6-37. Deleted. 

6-11/AP 



7-11. 
ш 

ыс љоро с 

xo. 

ATTENUATOR OUTPUT LEVEL. 
Adjust MASTER MOD control full ccw, but out of the detent 
(CAL) position, and set LOC-PEAK/AVG switch to AVG. 
Set MODE switch to VOR XTL and CRYSTAL HI/LO switch to LO. 
Connect power meter to OUT connector. 
Adjust OUTPUT attenuator to -30 dBm. 
Power Meter should indicate -30(+.5) dBm. 
Adjust OUTPUT attenuator to -25 dBm. 
Power meter indication should agree with the value recorded 

on the Attenuator Correction Chart, Section II, within #.5 dBm. 
Adjust OTUPUT attenuator to -20 dBm. 
Power meter indication should agree with the value recorded 
on the Attenuator Correction Chart within #.5 dBm. 
Adjust OTUPUT attenuator to -15 dBm. 
Power meter indication should agree with the value recorded 

on the Attenuator Correction Chart within +.5 dBm. 
Adjust OUTPUT attenuator -30 dBm. 
.Set CRYSTAL HI/LO switch to HI. Power meter should indicate 
-30(+2) dBm. 

Set MODE switch to MKR XTL. Power meter should indicate 

-30(+2) dBm. 
Set MODE switch to LOC XTL. Power meter should indicate 

-30(+2) dBm. 
Set MODE switch to COMM XTL. Power meter should indicate 

-30(+2) dBm. 

7-6/ AP 



7-12. 
a. 

TETAP 

Set MODE swtich to COMM VAR. 
Adjust VAR FREQ control to 144.0MHz. Power meter should in- 
dicate -30(+2) dBm. 

Set MODE switch to G/S XTL. Power meter should indicate 
-30(:2) dBm. 

Set CRYSTAL HI/LO to LO. Power meter should indicate 
-30(+2) dBm. 
Adjust TUNE control until TUNE indicator comes on. 

Set LOC-PEAK/AVG switch to LOC-PEAK. Power meter should 
indicate -15 to -20 dBm. 

Set MONITOR switch to RF and tune transmitter output. Check 

that MONITOR meter needle is centered when transmitter is 
tuned. 

RF FREQUENCIES. 
Adjust VAR FREQ fine tune control full сси into detent, 
phase lock, position. 

Adjust MASTER MOD control full ccw but not into CAL (detent) 

position. 

Connect external frequency counter to OUT connector. 

Set MODE switch to VOR VAR. 

Adjust VAR FREQ control to phase-lock output frequency at 
110.000MHz. External frequency counter should indicate 

110.000MHz, 21КН2, 
Disconnect external frequency counter. 

Set Counter Mode switch to GEN. 
Set MODE switch to MKR XTL. Counter should display marker 

crystal frequency, +3kHz. 

Set MODE switch to VOR XTL and CRYSTAL HI/LO switch to LO. 
Counter should display VOR LO срузта т frequency, t*5kHz. 

Set CRYSTAL HILO switeh to HL. Counter should display 
VOR HI crystal frequency, +5kHz. 

Set MODE switch to LOC XTL. Counter should display localizer 
crystal frequency, +5kHz. 

Set MODE switch to G/S XTL. Counter should display glide 

slope HI crystal frequency, +16 kHz. 
Set CRYSTAL HI/LO switch to LO. Counter should display glide 

slope LO crystal frequency, +16 kHz. 

Set MODE switch to COMM XTL. Counter should display COMM 
crystal frequency, +6 kHz. Р 
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7-18. 

7-9/AP 

LOC DDM SWEEP 
Set MODE switch to LOC XTL. 
Set Tone Select switch to MOD IN. 
set LOC DDM control to arrow position. 
Adjust Localizer Variable DDM/DDM Sweep Amplitude control 

full соо 

Set MASTER MOD to Cal and DDM Sweep control to AL. 
Set G/S ВМ EO лб, 
Connect oscilloscope to SIG GEN DEMOD connector and set 

vertical sensitivity to O.1V/div. 
Adjust oscilloscope controls to display a signal peak and 

set DDM Sweep control to 5. 
Check that the peak amplitude of the displayed signal 

Sweeps approximately 0.157. 
Set G/S DDM to 90 and adjust display to observe a signal 

peak. 
Check that the peak amplitude of the displayed signal 

Sweeps approximately 0.157. 



8-8. 
a. 

b. 

а о 

wo. 

c+ 0 

GENERATOR OUTPUT FREQUENCIES. 
Connect voltmeter to collector of 0703 or to FL711. See 

figure 12-12 for parts placement. 
Adjust R746 (Volt Adj) for voltmeter indication of 10.5V 
OLIV. 

И 

МОТЕ 
Test Set frequency counter time base must be 
calibrated before proceeding. If paragraph 
8-7 has not been performed prior to this pro- 

cedure, it should be performed now or ап ext- 

ternal 400MHz frequency counter should be used 
at the OUT connector. 

Set Counter Mode switch to GEN. 

Set MODE switch to MKR XTL. 
Adjust L710 for most stable oscillator operation. Counter 
should indicate 75.000MHz, +3kHz. 

If frequency is too high, up to Spf may be added across 
crystal to lower frequency. If frequency is too low, cry- 
stal must be replaced. 

Set MODE switch to VOR XTL. 
Switch between HI and LO positions of the CRYSTAL HI/LO 
switch and adjust L711 for most stable oscillator operation. 

Counter should indicate 108.000MHz (LO) and 112.800MHz (HI), 
+5kHz. 

If frequency is too high, up to 5pf may be added across 

crystal to lower frequency. If frequency is too low, cry- 

stal must be replaced. 

Set MODE switch to LOC XTL. 
Adjust L714 for most stable oscillator operation. Counter 

Should indicate 108.100МН?, +5kHz. 
If frequency is too high, up to 5pf may be added across 
crystal to lower frequency. If frequency is too low, crystal 

must be replaced. 
Set MODE switch to G/S XTL. 
Switch between HI and LO positions of the CRYSTAL HI/LO 
switch and adjust L712 for most stable oscillator operation. 
Counter should indicate 334.700MHz (HI) and 329.600 (LO), 

#16КН2. 

КОТЕ 
Since the signal generator triples the oscillator 
frequency for glide slope operation, the crystals 

for G/S XM are 111.566MHz (HI) and 109.866 (LO). 

Set MODE switch to COMM XTL. 
Adjust L713 for most stable oscillator operation. Counter 

should indicate 126.900MHz,  *6kHz. 
If frequency is too high, up to 5pf may be added across 

crystal to lower frequency. If frequency is too low, crystal 

must be replaced. 
Set MODE switch to MKR VAR. 
Adaust VAR EFREO controls full cw. 

Adjust L703 for minimum counter indication of 78MHz. 
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8-9. 
а. 
р 
e 

d. 

e. 

- Ro. 09 нь 

RF OUTPUT LEVEL. 

Set MONITOR switch to RF. 
Adjust TUNE control until TUNE indicator goes off. 
Press Fine Tune switch and adjust TUNE control for minimum 
meter indication. 
Adjust R386 (RF Level) to center meter needle in white band 
in center of scale. 

Switch positions on MODE switch and tune transmitter to 

check that meter is centered on each band. 
Set MODE switch to VOR VAR and adjust VAR FREQ for 114.000 MHz. 

Adjust MASTER MOD control full cew, out of detent position. 
Connect power meter to OUT connector. 

Adjust OUTPUT attenuator to -30dBm. 
Loosen two set screws in attenuator knob closest to dial. 
Hold dial at -30dBm setting and turn knob until power meter 
indicates -304Вш. 
Tighten set screws. Dial and output RF level should agree 

from -30dBm to -120dBm. Refer to the Attenuator Correction 
Chart, Section II, for measured frequency response at time 

of manufacture. 

8-6/AP 
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LOC DDM SWEEP. 

Connect an oscilloscope and a digital ac voltmeter (DVM) 

to the SIG GEN DEMOD connector on the back panel of the 
test set. 

Set MODE switch to LOC XTL. 
Adjust MASTER MOD to Cal and Tone Select to MOD IN. 
Set LOC DDM control to arrow position and adjust LOC variable 

DDM/DDM Sweep Amplitude control full cew. 
Set DDM Sweep control to AL. 
Set G/S DDM to 90 and note DVM indication. 
Set G/S DDM to 150 and adjust R1426 (Centering) until DVM 
indication is the same as noted in step f, +2mV. 
On Auto Pilot Sweep Generator P.C. Board, set switch 3 of 

dip-switch S1401 to ON and switch 2 to OFF. 

Connect Modulation Meter to RF OUT connector on test set 
front panel. 

Set G/S DDM to 90 and record modulation meter indication. 
Adjust DDM Sweep Amplitude full cw and adjust R1432 to obtain 
modulation meter indication that is 1.5% higher than the 

value recorded in step j. 
Set switch 3 of S1401 to OFF and switch 2 to ON. 
Connect frequency counter to pin 15 of X1405 (CD4029) and 
adjust R1404 (Sweep Rate Adj) to obtain counter indication 
Of. 3.2Hz. 

NOTE 

With sweep rate adjusted to 3.2Hz, the LOC DDM 
will complete one sweep in 20 seconds. For diff- 
erent sweep times adjust clock frequency accord- 

ing to the following formula. 

= CLOCK FREQUENCY -SWETE TINE Hz 

8-12/АР 
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Table 11-1/AP. IC Descriptions and Locations 

CD4016/ QUAD Bilaterial Switch (CMOS) Auto Pilot Sweep 

CD4066 Generator 

CD4025 Triple 3-Input NOR Gate (CMOS) Auto Pilot 

Generator 

CD4027 Dual J-K Flip Flop (CMOS) Auto Pilot 
Generator 

CD4029 Auto Pilot 
Generator 

Presetable UP/Down Counter 
(CMOS ) 

CD4049 Hex Buffer/Converter (CMOS) Auto Pilot 

Generator 

11-2/АР 
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22214 

CD4025A* 

Уөр-! 

Узз- 8 

NC # 13,16 

CD4049A* 

BUFFERED OUT 

Q4 Q Qe Q, 

Ves=8 

Voo=16 
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4 5 22 Бак 
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JAM INPUTS о 9/82/40 
tows 
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Table 12-1/AP. TROUBLESHOOTING CHART 

КОРА ИО рит in Fuse: #1101 or Е1102 

AC Operation. open. CR1101 Bad. 
ПОЛ "СО сголпа оп 

AOV Supply Line: 

Q224 open. 

Power Supply 

LOC DDM Sweep 

Generator 

No LOC output with 

Sweep control in 

ОР СО) рова tion: 

Q1401 bad. 
Алт рай. Check input 

ene oina and OID LU 
ОТАТ for 90Hz and 

15082, respectively. 

LOC receiver indi- 

cates needle is not 

centered in AL or AR 

operation. 

SW1401-2 open or 

SW1401-3 closed. 
Х1405 bad. Х1407 bad. 
Check output of 1411B 

at pine. 

LOC output does 

not sweep. 

Check CLOCK input at 
X1405 pin 15. X1401 
bad. 
X1405 bad. 

X1405 bad. 
Х1402 ог Х1403 bad. 
Check operation of 
each portion of 

Х1406, Х1407, X1408, 
X1409. 
X1410 bad. 

LOC sweep output is 

incorrect. 

12-3/AP 



Table 12-2/AP. (cont'd) 

Generator Output VOR XTL HI off Y706 bad. 
Frequencies frequency. L711 needs adjustment 

Q710 bad. 
NOTE: Any adjust- 
ment in L711 and 
L712 requires check 
of both HI and LO 
crystal operation. 

No output on VOR 

XTL HI. 

Y706 bad. 
9710 bad. 
0711 ок 9715 bad: 

VOR XTL LO off 
frequency. 

Y705 bad. 
L711 needs adjustment 

bad. 

bad. 

Q710 bad. 

bad. 

No output on VOR 

XTL LO. 

bad. 
L712 needs adjustment 

bad. 

G/S XTL HI off 

frequency. 

bad. 

Q706 bad. 

0713 bad. 

рад. 

No output on G/S 
AID HI. 

bad. 
L712 needs adjustment 

bad. 

G/S XTL LO off 
frequency. 

bad. 

Q706 bad. 
bad. 

No output on G/S 
ТО, 

раа. 

Check 11V switch at 

187 

HI/LO switch does 
not affect oper- 

ation. 

12-8/AP 
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FIGURE 132 
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ПО 1 MS "GRIGSBY" ew. 

а | 92729; “ОРАУЫШ; Sw, 
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RESISTOR \/AW 170 ZEIK 

TERM, PATE (XMTR INPUT) 

MOM. SW (TONE) 
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812: #4 ыт TOOTH LK WASHER 

4 1708-00 'ERIE" RF FEEDTHRO 000 
| ,853550-4 "AMP" FEEDTHRU FILTER 

72:08. 004-1 END PLATE 
“1-09-0638 AUX, XTL OSC, BD. ASS ` 

І 
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1 1-01-0594, OSC, РС. BD ASS Y 

\ 104048-2) SPACER, R. HAND 
НЫ -04-0478-)| SPACE er HAND 

[10 | | 11-01-0656 PHASE LOCK RANGE Аас. ASS Y 
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FT Ts ere osare ase 

тем [reao] глатко. | DESCRIPTION — — ] 
TOLERANCES НИ 2 o] INSTRUMENT FLIGHT RESEARCH CORPORATION 

UNLESS OTHERWISE SPECIFIED 
WICHITA, KANSAS. 

ITLE 

OSCILLATOR ASSY, 
EXPLODED VIEW FRACTIONS: + 1/64 25 PRO 
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2 1t 
MARKER, G/S, МОК, LOC, COMM, RAMP AND BENCH TEST SET 

Manual Part Number: 1-09-0726 

Serial Number Effectivity: 1636 and on 

Date Printed: November, 1976 

4053 Navajo Lane/Wichita, Kansas 67210 US.A/316/685-9271/TWX. 910-741-6952 
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LIMITED WARRANTY AND SERVICE INSTRUCTONS 

WARRANTY 

IFR, Inc., warrants that each new instrument manufactured 

by it is free from defects in material or workmanship under 

normal use and service for a period of two years from the 

shipping date. (NOTE: 90 day warranty on battery pack). 
Each instrument is functionally tested immediately prior to 
shipment. If, upon examination by IFR, the instrument is 
determined to be defective in workmanship or material, IFR 
will, subject to the conditions set forth below, either re- 

pair the defective part or replace it with a new part on a 
pro rata basis. IFR shall not be liable for any delay or 
failure to furnish a replacement part resulting directly 

or indirectly from any governmental restriction, priority 

or allocation or any other governmental regulatory order or 
action, nor shall IFR be liable for damages by reason of the 
failure of the instrument to perform properly or for any 

consequential damages. The warranty does not apply to any 

instrument that has been subject to negligence, accident, 

shipping damage, misuse or improper installation ог орег- 

ation, or that in any way has been tampered with, altered 

or repaired by any person other than ап authorized IFR зег- 

vice organization or any employee thereof, or to any instru- 

ment whose serial number has been altered, defaced or re- 

moved, or to any instrument purchased within, and there- 

after removed beyond, the continental limits of the United 
States. Annual certified calibration is not included in 
warranty. 

All sales are FOB IFR Factory, Wichita. IFR will assume 

responsibility for freight charges on all legitmate warranty 

claims within thirty (30) days from the original shipping 
date. All legitimate warranty claims within thirty (30) to 
ninety (90) days should be shipped to IFR freight collect 
and will be returned freight collect. All freight on war- 
ranty claims after ninety (90) days will be paid by the 
customer. 

This warranty shall, at IFR's option, become void if the 
equipment ownership is changed, unless the prior owner or 
the proposed owner obtains approval of continuation of the 
warranty prior to the change of ownership. 

This. warranty is іп lieu of allsother warranties, expressed 
or implied, and no one is authorized to assume any liability on behalf of IFR or impose any obligation upon it in con- 
nection with the sale of any instrument, other than as 
stated above. 



CHANGES IN SPECIFICATIONS 

The right is reserved to change the published specifications 
of the equipment at anytime and to furnish merchandise in 
accordance with current specifications without incurring 
any liability to modify equipment previously sold, or to 
Supply new equipment in accordance with earlier specif- 
cation except the classification of special apparatus. 

SERVICE 

When requesting service, the originator shall give IFR 
information concerning the nature of the failure and the 
manner in which the equipment was used when the failure 
occured. Type, model, and serial number should also be pro- 
vided. 

Do not return any products to the factory without first 
receiving authorization from the factory Customer Service 
Department. 

CONTACT: TPR ING, 
4053 Navajo Lane 

Wichita, Kansas 67210 USA 

ATTN: Customer Service Department 

PHONE: (800) 835-2350 (Customer Service Only) 

TWX: 910-741-6952 

Unless otherwise specifically requested, packaging for a 

return shipment shall be in the original container and pack- 

aging material, ТЕ the original container and material are 
not available, information as to suitable packaging tech- 

niques will be provided by the IFR Shipping Department. 

Returned material claimed defective, but found to meet all 

previously applicable specifications, will be subject to a 

minimum evaluation charge consisting of the labor charges 

involved in the status determination of the material. 

Returned material not accompained by statement of claimed 

defects may be returned at the originator's expense. 

Any departure from the above instructions without specific 

factory authorization can be considered a breach of warranty 

and all expenses incurred as a result will be billed to the 

originator. 
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SECTION I 

GENERAL INFORMATION 

1-1. DESCRIPTION. 

1-2. The NAV-401L is an FCC Type-Accepted bench and ramp test set 

designed to meet the electronic functional test requirements of 

Category I and Category II ILS Systems, Communication (COMM), Nav- 

igation (NAV), and Marker (MKR) Systems. 

1-3. The NAV-401L is housed in a compact, portable case. It in- 
cludes a Signal generator with a variable attenuator which can be 

connected to the equipment under test by a radiated signal from 
a self-contained antenna or by a coax line. It can be operated 
under either crystal frequency control or in variable frequency mode 

in each band. 

1-4. The NAV-401L generator can be modulated internally by a 1020Hz 
Indent tone, Marker, VHF Omnidirectional Range (VOR), Localizer (LOC) 
or Glide Slope (G/S) tones, or by an external signal. 

1-5. The NAV-401L includes a six-digit counter which indicates the 
RF frequency of the signal generator on any band, the frequency of 

a COMM transmitter under test, any external signal input from 1 MHz 
to at least 300 MHz , or the VOR bearing selected at the bearing 

Switch as a check on the digital bearing determining circuitry. 

1-6. An RF power meter is built-in to measure COMM transmitter power 
from 0-10W or O-100W either peak or average power by selecting а 

Switch position located on the front panel. A COMM transmitter 

demodulation output permits viewing or listening to COMM modulation. 

1-7, A built-in Modulation Meter measures the signal generator 
Percent of Modulation on any frequency band from 0-30% or 0-100%. 
Front panel controls permit quick setting of modulation percentages. 

1-8. А 90° bearing check monitor allows quick verification of basic 
VOR bearing from the VOR demod signal. 

1-9. A nickel-cadmium battery and built-in charging system permits 
completely portable operation for up to 2 hours continuous duty 
with the counter off, one hour continuous duty with the counter on. 
Any time the set is plugged to an AC line the battery is being charged. 
In battery operation, an automatic timer turns the set off after 
6 to 10 minutes. The set can be recycled by pressing the BAT position 
of the power switch. 

1.171259 
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RF OUTPUT 

POWER: 

ATTENUATOR 
ACCURACY : 

FREQUENCY 
SENSITIVITY: 

FREQUENCY 
RANGE : 

CRYSTAL 
CONTROL: 

FREQUENCY 
ACCURACY : 

SECTION II 

TECHNICAL SUMMARY 

Continuously variable from -7dBm 

to -1274Bm (IV ЕН 

+2dB from -30 dBm to -127 dBm 
with calibrated stop at -7 dBm 

(See -7 dBm to -30 dBm Attenuat- 
or Correction Chart, Table 2-2 

*2dB, all bands 

MKR П. >?2АРЫ ЗАН, 72MHz - 78MHz 
VOR/LOC. IPP 107MHz - 120MHz 

COMM u an LO: 118MHz - 136MHz 

HIE 134MHz - 156MHz 

с/8 222128 327MHz - 337MHz 

MER ХТЕО IDIBUS 75.000MHz 

VOR XTL. ia аа 2 2 108.000MHz 

LOC ATL. заг, 2 27111 108.100MHz 

сув Тым ЙЫЛЫ 334 . 700MHz 
COMM ТКО Л, ЭЛЕК ИИ ЛИ 126 .900MHz 

Any standard frequency crystal 
may be specially installed in 
each band. 

Variable frequency operation 
with direct counter readout 

Phase lock operation allowing 
phase lock in 25 KHz increments 
on MKR, VOR, LOC, and COMM 
bands and 50KHz increments оп 
G/S band. су Өвөр 0.001% 



МКЕ SIGNAL 

TONES: 1020Н2 (+ 1%) Ident 
400Hz (+ 1%) 
1300Hz (+ 1%) 

3000Hz (+ 1%) 

MODULATION: Calibrated to 95(+5)% for each 
tone. Variable from 0% to 100%. 

VOR SIGNAL 

TONES : 30Hz (+ .02%) Reference 
ЗОН? Variable 

9.96KHz (+.02%), +480Hz Deviation 
1020Hz (E 1%) Ident 

MODULATION: Calibrated to 30(+2)% for each 
tone. Variable from 0% to > 50%. 

BEARING: 3600 digitally derived courses in 
0.1 degree increments. Coarse 
accuracy +0.1 degree. 

LOC SIGNAL 

TONES : 90Hz (+ 0.02%) 
150Hz CE O 024) 
1020Hz (+ 1%) Ident 

MODULATION : 90Hz and 15082 modulation levels 

calibrated to 20(+2)% or vari- 

able from 0% to 40%. 

Marker Tone modulation levels 

calibrated to 30(+2)% or vari- 
able from 0% to > 50%. 

DDM: .093, .155, .200 DDM and tone 

delete Accuracy +0.0013 DDM 

(= 1.Зиа). Variable control 

+0.4 DDM. (See Table 5-2). 

PHASE SHIFT: 90Hz and 150Hz phase locked to 

within 1°. Variable in 5° 

increments (See Table 5-3). 

G/S SIGNAL 

TONE : 90Hz (+ .02%) 

150Hz (+ .02%) 



СОММ 

MODULATION : 

DDM: 

PHASE SHIFT: 

SIGNAL 

TONES : 

MODULATION: 

INTERNAL 
MODULATION 

EXTERNAL 
MODULATION 

Calibrated to 40(+2)% for each 

tone. Variable from 0% to 80%. 

.091, .175, .40 DDM ава сове 

delete. Accuracy +0.0024 DDM 

(32.0 na): Уатларте Control 

+0.8 .DDM. (Зее Table 5-2): 

90Hz and 150Hz phase locked to 
within 1°. Variable in 5” 105 
crements (See Table 5-3). 

Marker Tones 

Calibrated to 30(+2)% for each 
tone. Variable from 0% to > 

50%. 

1020Hz, 400Hz, 1300Hz, 3000Hz 
Tones (+ 1%).  30Hz Reference, 
30Hz Variable, 9.960kHz, 150Hz 

Tones (+,02%): 

Calibrated Modulation Levels 

See Table 2-1. 

Variable Modulation Levels 

МКБ... и РИОЯ 0-98% 

VOR .... сок ке e. МАНИ НТ. 0-60% 

COMM ....... аа а М 0-60% 

LOC ;.. 22277... 0-60% 
G/S ОТРИ 0-80% 

Typically a 10Hz to 20kHz, 5Vpp 
signal should produce 30% modula- 
tion for VOR, LOC, and COMM and 

95% for MKR. G/S can not be ex- 
ternally modulated. Modulation 

can be varied over the same ranges 
as for the internal modulation 
modes. 



2-4 

DISTORTION 

INPUT 

At circuit board: test points 

ТОО... 1% 
ZOONS О S а 1% 
13008] o а. 1% 
300082. ос. Е. 1% 
ЗОН зОМА аг МУН в... 0.59 

JUNG ВЕ... 0-57 
IOMA KENT И: А () 25% 
ТООН ӨР голын ТӨГР US n (72:30 
II60HZ У an ч» 1% 

Max 

Max 

Max 

Max 

Max 

Max 

Max 

Max 

Max 

At back panel demodulated outputs 
(with filter, figure 2-1). 

1020 2 ое. 17 
200Н7 4. а та а а т mu 1% 
ЗООНУ пиана а а. t 1% 
30008 Т ПЕ... 1% 
ЗОНЕ ром она ар ЭЛ а is 01:55 
ООН о... 0.5% 
IS0Hc DO. ИНДЕ ss 0.5% 

а И 1.5% 
400HS «Vb 003080 22 1.5% 
1300Н 2 kh. SIR съв. 1,5% 
ЗОО 1.5% 
ЗОН Габи... 1% 
ООН... 1% 
150Н5 а Т... 1% 

OUTPUT 
1К0 

T 

Figure 2-1. Low Pass Filter 

Max 

Max 

Max 

Max 

Max 

Max 

Max 

Max 

Max 

Max 

Max 

Max 

Max 

Max 



COUNTER CHARACTERISTICS 

FUNCTIONS : 

CLOCK 
OSCILLATOR 
ACCURACY : 

TIME BASE: 

EXTERNAL 
INPUT: 

Measures internal signal gen- 

erator frequencies. 
Measures frequency of external 

COMM transmitter. 
Measures frequency of exteranl 

Signal at Counter input. 

Displays internal VOR Bearing 

as selected on front panel. 

Accurate within +.001% (Typical 
+.0005% over normal temperature 
and period usage). 

HZ o2. АЕ 1:-ВӨЄ бу, 

КН? ааа оо а аа а ем ан И kc sec; 

kHz.2..22. Те O: b Sec. 

MHZ « але ag Oilrsec; 

Range (22206 Hz,kHz =- 1MHz to 10МН? 

kHz,MHz - 10MHz to 

300 MHz (min) 
Impedence ...... 509 AC terminated 

Sensitivity.... .08Vrms (-9dBm) 0 
10МН 2 

.15Vrms (-3dBm) 9 
200MHz 

.23Vrms (OdBm) Q 
300MHz 

Maximum Power...250mW RF (+24dBm) 

MONITOR METER CHARACTERISTICS 

POWER METER: Funetion....Measures COMM trans- 

mitter power from O 
to 100W 

Range „И O - 100W 

O - 10W 

Ассптает и +5% of full scale 

Maximum 
Input 

Power... 20W CW continuous duty 

2-5 



RF LEVEL 
MONITOR: 

BATTERY 
LEVEL: 

BEARING 
ERROR: 

SPECTRAL PURITY 

HARMONICS : 

BROADBAND 
NOISE: 

NONHARMONIC 
SPURIOUS 
NOISE: 

CLOSE-IN 
NOISE: 

INPUT POWER VERSUS TI 
INPUT POWER 

(watts) 
QO - 40 5 6 

80 - 100 0.5 20 

Center of scale indicates tuned 
transmitter 

МЕ LIMITS 

Range, a DEA Ee is | 0-30У 

Асечгаст 92529002 250 of reading 

Hange.. .20 о (0° at meter center) 

Greater than 20dB below carrier 
level at -30dBm output level 

over entire frequency range. 

(10kHz Frequency Span, 300Hz 
Bandwidth, 10Hz Video Filter) 

Greater than 704В below carrier 

level at +50kHz. 

Variable Frequency (25kHz) and 

Switching Regulator Frequency 

(10770 ЗОЕНа) noise greater than 

55dB below carrier level. 

(300Hz Bandwidth, 10Hz Video Filter) 
TOSEMHZ 20862288 Greater than 68dB 

below carrier at 

TFZOKkHZ. 

Э34:ТМН2т Т Greater than 62dB 

below carrier at 

#20kH2. 



РОМЕК 

BATTERY : 

AC LINE: 

A 2.0 ampere-hour internal Nicad 

battery system permits ramp ор- 
eration for approximately two hours 
with counter off. The battery 

charger continuously charges the 
battery whenever the test set 
is connected to AC power. 

105 to 120 VAC or 220 to 250 VAC, 

50 to 40082, 25 watts. 

PHYSICAL CHARACTERISTICS 

WEIGHT: 

DIMENSIONS: 

17 pounds, complete 

Width... 2 424 ua 11.375 inches 

Hight. ја о ДОРА ЕНИ 5.125 inches 

Depth... с об wre 16.125 inches 



Table 2-1. Tone Modulation Levels 

95% Modulation accuracy +5% except EXT 
40% Modulation accuracy +2% except EXT 
30% Modulation accuracy +2% except EXT 
20% Modulation accuracy +2% except EXT 
XX - Tone not available 

*External Input approximately 5Vp-p. Input impedence is 20K in 

series with out. 



SECTION III 

OPERATION 

3-1. INTRODUCTION. 

3-2. The NAV-401L Ramp and Bench Test Set is a completely self- 

contained unit designed for functional and calibration testing 

of Marker (MKR), Instrument Landing System (ILS), VHF Omnidi- 

rectional Range (VOR), and Communication (COMM) avionics equip- 

ment. All necessary test signals are generated within the NAV- 
401L test set for bench or ramp operation. A general purpose 
frequency counter is included in the test set for measuring RF 

Signal frequencies from 1MHz to 300MHz. 

3-3. CONTROLS, INDICATORS, AND CONNECTORS. 

3-4. Location of the controls, indicators, and connectors on the 
NAV-401L test set is shown in figure 3-1, The following para- 

graphs explain their functions in detail. 

3-5.  FRONT PANEL. 

3-6. FREQUENCY MODE SWITCH. The MODE switch (1, figure 3-1) 
selects the frequency band to be used: MKR, VOR, Localizer (LOC), 
Glide Slope (G/S), or COMM. Each band except COMM is divided into 
two positions: a crystal controled frequency position, and a vari- 

able frequency position. COMM band utilizes three switch positions: 
a crystal controlled position, and two variable frequency positions. 
The VAR positions allow the signal generator to cover all the 
frequencies of each band. 

3-7. DISPLAY TIME CONTROL. The Display Time control (2) varies 
the time to update the counter. CCW rotation will cause shorter 
time between updates and cw rotation will cause a longer time 

between updates. In the full cw position the count will be held 
indefinitely. 

3-8. COUNTER MODE SWITCH. The Counter Mode switch (3) selects 
the source of the signal to be counted. In GEN position the fre- 
quency of the internal signal generator is displayed. In any of 
the Hz, KHz, KHz or MHz positions the counter measures the fre- 
quency of а COMM transmitter connected to the XMTR IN connector, 
or an external signal source. The external signal must be applied 
to the MOD IN/CTR IN connector. In the ВЕС position the input to 
the counter is the output of the digital bearing determining cir- 
cuitry and the display should equal the VOR BRG switch indication. 
This provides а check on the bearing selection circuits. Also 



in the ВЕС position the bearing monitor circuitry checks the 
VOR modulation for proper operation at 90° . A pushbutton 
Switch is incorporated into the switch which applies power to the 
counter readout components in either battery or AC power opera- 
tion. This feature allows the main current-using part of the 
counter to be turned off to conserve battery power. It is highly 
recommended during portable operation to use the counter readout 
only when necessary. 

3-9. METER BEARING CENTER ADJUST. The Meter Bearing Center 
Adjust (4) is used to center the MONITOR meter to set a re- 
ference level in internal bearing check operation. The MONITOR 
function selector should be in BRG position and the Counter Mode 
Switch should be in any position except BRG while the meter is 
being centered. 

3-10. VARIABLE FREQUENCY CONTROLS. The coarse and fine VAR 
FREQ controls(5) manually sweep the internal signal generator 
frequency, with cw rotation increasing the output frequency. 

The frequency MODE switch must be in one of the VAR positions 

for this mode of operation. The coarse control, the larger knob 

close to the front panel, gives from 1 to 2 MHz deviation per 

turn. The fine control,. the small outer knob, gives approxi- 

mately 20 to 40 KHz deviation for its rotation. 

3-11. Phase Lock Circuit. The phase lock circuit is. activated 

by turning the fine tuning VAR FREQ control full counter clock- 

wise to detent position. Phase lock can be obtained every 25 

KHz on the variable frequency modes except for Glide Slope. 
Glide Slope frequencies are phase locked in 50 KHz increments. 

3-12. The coarse frequency pot is used to select the desired 
phase locked frequencies. Phase lock is indicated by the proper 

count on the frequency counter, 50 KHz increment for Glide Slope 
frequencies, 25 KHz increment on all other bands. It is necessary 

to adjust for the phase locked steps since the pull-in range 

of the phase lock circuit is less than 25 KHz. A phase lock on 

any frequency other than the 25 or 50 KHz steps is not valid 

and will have severe frequency modulation. 

NOTE 

The variable frequency oscillator should not be 

adjusted to a frequency within +5 KHz of an XTAL 

frequency to avoid interaction between the oscill- 

атое отепа 

3-13. ТОМЕ CONTROL AND TUNE INDICATOR. The TUNE control CO) 

adjusts the tuning of the signal generator for optimum. . It 

must be readjusted for each different frequency band used, when 

the variable frequency control changes the frequency more than 

a few megahertz in any one band, or when the attenuator is used 

in or changed in the attenuation range of -15 dBm to max RF output. 
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The exact optimum tuning region is indicated by the TUNE in- 
dicator (6). The indicator will come on tor ап out-of-tune con- 
dition. Adjusting the TUNE control will cause the indicator 
to go off when the signal generator is properly tuned for the 
frequency in use. 

3-14. FINE TUNE SWITCH. The Fine Tune switch (8) is used to 
fine tune the transmitter once the tuning is within the fine 
tune range and the TUNE indicator is off. When the Fine Tune 
switch is pressed, the TUNE control is adjusted for a minimum 
indication on the MONITOR meter. 

3-15. OUTPUT ATTENUATOR CONTROL. The OUTPUT Attenuator control 
(9) is used to adjust the RF level of the signal generator out- 
PUL at the: output (OUT) connector. into'a 50 оба load. The at- 
tenuator dial is calibrated in -dBm, or dB below one milliwatt. 
The dial is accurate for output levels below -30 dBm but becomes 
Slightly non-linear at output levels greater than -30 dBm. An 
Attenuator Correction Chart is included with each instrument. 
Also included is a chart converting -dBm to microvolts for ser- 

vicing receivers whose sensitivities are specified in microvolts. 
See Section V, Table 5-1. 

3-16. RF OUTPUT CONNECTOR. The OUT connector (10) provides 
the attenuated signal generator output to the equipment under 
test. Тһе connector is diode protected against a COMM transmitter 

being inadvertently keyed, but precautions should be taken to 
assure this'does not occur. The*output із source terminated in 

50 ohms. 

3-17. COMM TRANSMITTER INPUT CONNECTOR. The XMTR IN connector 
(11) is the input to the power meter, and is connected with a 

50 ohm cable to a COMM transmitter for power and frequency mea- 

surement purposes. Power indicated is either peak or average 

power. See paragraph 3-18. Transmitter frequency is indicated 

on the frequency counter readout with the counter mode switch 

in the HZ, KHZ, KHz, or MHz positions. See paragraph 3-8. A 

25 dB pad is used in series with the power circuit. 

NOTE 

See the Technical Summary, Section 11, 
for input power versus time requirements ТОГ 

the power meter. 

3-18. AVG/PEAK POWER/LOC XMTR ON SWITCH. The AVG/PEAK-LOC 

switch (12) selects the function of the power meter. In PEAK 

position the power meter indicates the peak power amplitude of 

a COMM transmitter with modulation applied. The PEAK position 

also provides output from the separate localizer transmitter 

simultaneously with G/S signal when the frequency MODE switch is 

in"G/S'position (forschecking auto ратова овисно computers). 

In AVG position the power meter indicates the average RF power 



of a COMM transmitter and disregards power changes due to proper 

modulation. 

3-19. 90/150 Hz VARIABLE PHASE (ф) SWITCH. Normally the 90 Hz 

and 150 Hz tones used for LOC and G/S modulation are phase- 

locked together. However, when the Variable Phase (ф) Mode switch 

(13) is pressed the 150 Hz phase relationship can be varied in 

5° steps by use of the VOR BRG switches. If the VOR BRG switches 

are set to 000.0°, pressing the Variable Phase (ф) switch will 

produce no change of phase. For each 1° step of the BRG switch, 

the 150 Hz tone will be shifted +5° relative to the 90 Hz tone, 
which always remains constant in phase with respect to the 000.0° 

VOR BRG switch position. When 24° VOR BRG is selected the 90 
and 150 Hz tones will be back to their original phase relationships. 

The 100° and 0.1° switches are not used for the phase shift. 

See Table 5-3 for the complete phase steps. When the VOR BRG 
selector is set to 12° the amplitude summation of 90 Hz and 150 

HZ is the greatest. 

3-20. GLIDE SLOPE DDM CONTROL. The G/S DDM control (14) selects 
the amount of G/S pointer deviation on an ILS indicator under 
test. Calibrations are in DDM (Difference in Depth of Modula- 

tion) and represent standard deflection, full scale, and greater 

than full scale deflections. CW rotation gives upward deflect- 

ion; ccw rotation gives downward deflection. In either the 90 Hz 
or 150 Hz positions the opposite tone is deleted and the selected 
tone is at the same level as the on course value (40%) so that 

a flag test can be made. The LOC DDM control should not be on 

the 90 Hz or 150 Hz position when using the Glide Slope function 

because either the 90 Hz or 150 Hz tone will be deleted by the 
Localizer control. Continuous Wave operation can be obtained 

by placing the G/S DDM control on 150 Hz and the LOC DDM control 
on 90 Hz or vice versa. 

3-21. GLIDE SLOPE CENTERING ADJUST. The G/S Centering adjust 
(15) varies the amplitude of the 90 Hz tone and is used as an 
exact course centering control for Glide Slope modulation. 

3-22. GLIDE SLOPE VARIABLE DDM CONTROL. The G/S Variable DDM 
control (16) continuously varies the G/S pointer deflection from 
.8 DDM down through 0 DDM to .8 DDM up. CW rotation gives upward 
pointer deflection. The G/S DDM control must be in the arrow 
position for operation. 

3-23. TONE SELECT SWITCH. The Tone Select switch (17) selects the 
modulation inputs to the internal signal generator or the input 
to the counter. In the MOD (Modulation) IN position, the MOD 
IN/CTR IN connector becomes the modulation input to the Siganl 
generator. In any of the four tone positions, a tone is selected 
to modulate the various frequency bands selected by the frequency 
MODE switch except for the Glide Slope band, which cannot be 
externally modulated. In CTR (Counter) IN position the MOD IN/ 
CTR IN connector is fed to the general purpose counter input. 

3-24, EXTERNAL COUNTER/MODULATION INPUT CONNECTOR. The MOD 
IN/CTR IN connector (18) is the external input to the counter 



or the external modulation input to the Signal generator. See 
paragraphs 3-8 and 3-23. 

3-25. LOCALIZER CENTERING ADJUST. The Localizer Centering ad- 
just (19) varies the amplitude of the 90 Hz tone and is used as 
an exact course centering control for Localizer modulation. 

3-26.  LOCALIZER VARIABLE DDM CONTROL. Тһе LOC Variable DDM 
control (20) continuously varies the LOC pointer deflection from 
.4 DDM left through O ОМ through .4 DDM СЕСЕ TOW rotation 
gives right pointer deflection. The LOC DDM control must be 
in the arrow position for operation. 

3-27.  LOCALIZER ПОМ CONTROL. Тһе LOC DDM CONTROL (21) selects 
the amount of deviation of the LOC pointer of an ILS instrument 
under test. Calibrated in DDM, the switch positions correspond 
to standard: deflection, Та  вёа10. ала greaterithan full scale 
deflection. In either the 90 Hz or 150 Hz positions the opposite 
tone is deleted and the selected tone is at the same level as 

the-on course value (20%) so that a flag test can be made. The 
Glide Slope DDM control should not be on the 90 Hz or 150 Hz 

position when using the Localizer function or the 90 Hz or 150 Hz 

tone will be deleted by the Glide Slope control. Continuous 
Wave operation can be obtained by placing the G/S DDM control 
on 150 Hz and the LOC DDM control on 90 Hz or vice versa. 

3-28. 30 Hz VAR LEVEL CONTROL. The 30 Hz VAR Level Control 
(22) changes the percentage of modulation of the 30 Hz VAR tone 
of the VOR composite signal from O to 30%. It remains 30% as 
the knob is turned past the 30% line to the stop. 

3-29. 9960 Hz REF LEVEL CONTROL. The 9.96 KHz Ref Level control 

(23) changes the percentage of modulation of the 9.960 KHz tone 
of the VOR composite signal from 0 to 30%. It remains 30% as 
the knob’ is turned past the 30% line to the’ stop. 

3-30. MASTER MODULATION LEVEL CONTROL. The MASTER MOD control 

(24) controls the modulation level of all modulating tones. 

In the" CAL (detent) position ( 411 сем) *thé5Smodulation levels 

of each: type of signal (LOC, С/8, etc) are fixed at their proper 

values of 20%, 30%; 140%) 95% ete. Mintotherstian the CAL posi- 

tion the control varies the level of modulation of any signal from 

O to approximately twice the normal level for that signal. For 

example, the VOR ident tone is 30% in CAL, and O to ОО іп vari- 

able operation. 

3-31. AC/BATTERY POWER SWITCH. Тһе AC/BAT power switch (25) 

is a two position center off switch which controls power to the 

test set. When the switch is pressed to AC, the test set is 

powered from AC line power. The battery is charging anytime the 

test set is connected to AC power. If the switch 1s pressed to 

BAT, which is a momentary position, the battery timer is acti- 

vated. The set will operate completely on battery power until 

the timer turns the set off or until the power switch is again 

pressed to BAT which will stop the timer and will turn. the set 

3-6 



off. The time limit for the battery timer is 6 to 10 minutes. 

3-32. POWER ON INDICATOR. The Power Indicator (26) comes on 

when the NAV-401L has power applied from an AC or battery source. 

3-33. VOR BEARING SELECT SWITCHES. The VOR BRG selector (27) 

consists of four thumbwheel switches which select the VOR bearing 

simulated by the VOR signal generator. The hundreds of degree 

switch is stopped at 3. Bearings from 360° through 399° are 

not valid: i.e., the bearing selector operates only from 09 

through 859.99. 

3-34. VOR BEARING TO/FROM SWITCH. The TO/FROM switch (28) changes 

the selected VOR bearing to the reciprocal bearing for flag tests, 

etc. 

3-35. MONITOR METER. The Monitor meter (29) is the multimeter 
for the NAV-401L which measures RF power, siganl generator RF 
output level, battery voltage, percent modulation of the signal 
generator, and an indication at 90° that the VOR bearing circuitry 

is functioning properly. 

3-36. The MONITOR switch (30) selects the meter function. COMM 

transmitter power is measured on two scales, 0-10 watts and 0- 
100 watts. The RF position is used to indicate proper RF leveling 
of the signal generator. In BAT position the О to 30% scale 
15 used to read the battery voltage. Less than 12.0V is a 415- 

charged battery condition and more than 15V is a fully charged 
battery condition. When the battery reaches a fully charged 

condition the battery charger circuit cuts off automatically. 
The 30% and 100% positions are used to measure the modulation 

level of the signal generator. Іп ВЕС position the VOR generator 

is checked at 90°. The center of the band is 09 and either left 
Or Tight meter scale limits indicate +0.5 error, 

3-37. REAR PANEL 

3-38. NAV TONE OUTPUT. The NAV TONE OUT connector (A) is the 
audio output to test the VOR bearing circuits or deviation cir- 
cuits of LOC and G/S NAV receivers. The output level is variable 
with the MASTER MOD control from approximately 0-7Урр into 1,000 
ohm. The audio modulation for MKR and COMM signals is also ауа11- 
able to the connector. Audio output is internally connected to 
the NAV-401L modulator. 

3-39. SIGNAL GENERATOR DEMODULATED OUTPUT. The SIG GEN DEMOD 
connector (B) is the demodulated output of the signal generator. 
This output is provided for a monitoring capability and is not 
intended to feed VOR and ILS converters. If the output voltage 
available is adequate and the approximately +4.25 VDC component 
1S not objectionable, the output can be used to drive a converter. 

3-40. COMM TRANSMITTER DEMODULATED OUTPUT. The PWR MON DEMOD 
connector (C) is the detected output of a COMM transmitter. It 
is useful to display the modulation on an oscilloscope or listen 
to the modulation via an external amplifier. 

3-7 
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SECTION IV 

TYPICAL OPERATING AND 
FRONT PANEL CALIBRATION PROCEDURES 

4-1. INTRODUCTION. 

4-2. The NAV-401L is designed to be utilized aS a completley self- 

contained bench and ramp test instrument of high accuracy for MKR, 

VOR, ILS and COMM equipment. Connection to the equipment under test, 

operation of the NAV-401L controls, and calibration of LOC and G/S 

course centering accuracy has been made as simple as possible. This 

simplicity is most justified by the greatly reduced time required to 

perform avionics system measurements. The technician spends his time 
repairing instead of chasing. Typical operating hints and control 
settings are outlined first, including Table 4-1, followed by front 
panel calibration procedures beginning with paragraph 4-16. 

4-3. BENCH AND RAMP OPERATION. 

4-4, There is no major differences in operation between bench test- 
ing and ramp testing; every function and control is identical in both 
cases. The most significiant difference is that the NAV-401L, being 
FCC Type Accepted, cannot be used in the VAR (Variable) frequency 
modes during ramp use. Any test Signal radiated form the antenna 

must be crystal controlled. It is not authorized to externally mod- 
ulate the NAV-401L on any band during ramp use. This includes micro- 
phones, audio generators, etc. 

4-5. The other main difference is that it is not recommended to 

operate the counter readout any more than necessary during ramp 
testing to conserve battery power. A push-button switch is part of 

the counter mode switch to turn off power to the readout assembly. 

4-6. NOTES ON RAMP OPERATION. It has been found through experience 
that all systems of a typical avionics package can be checked, with 
the sometime exception of marker beacon, by placing the NAV-401L in 
an upright position between the legs while sitting in the aircraft 
cockpit with the antenna extended two or three feet vertically. With 
the antenna on the RF output jack all receivers may be checked and 
indicators operated through their limits- VOR, LOC, and G/S. The 
COMM receiver may also be operated, if desired, modulating the NAV- 
401L with either the 400, 1020 Ident tone, 1300, or 3000 Hz tones. 

4-7. On some installations the Marker antenna is located far aft 
on the fuselage and with the test set in the cockpit, coupled with 
a usually low receiver sensitivity (-35 to -45 dBm), not enough RF 
can be radiated to operate the receiver. Moving the NAV-401L out- 
Side the aircraft will normally give more than enough signal strength 
to completely check Marker audio and lights. 



4-8. То check COMM transmitter frequencies from the cockpit, connect 
the antenna to the external input (XMTR IN) connector and select MHz 
on the Counter Mode switch. The test set will read out the COMM trans- 
mitter frequency when the transmitter is keyed. 

4-9. BENCH OPERATION. Bench testing and alignment procedures usually 
dictate use of direct coax connections between the NAV-401L and 
the equipment under test. The attenuator dial readout is the RF level 
in dBm present at the RF Output jack into 50ohms. To make accurate 
sensitivity measurements the loss in dBm of the connecting coaxes must 
be known. See Table 4-1 for typical control settings. 

CAUTION 

Most COMM receiver antenna connectors are also used for 
the COMM transmitter connector. Precautions should be 
taken not to key the transmitter with the COMM antenna 
connector fed to the NAV-401L RF Output connector. Damage 
to the attenuator and signal generator system may result 
from such inadvertent transmitter keying. 

4-10. GENERAL PURPOSE COUNTER OPERATION. With the Tone Select 
Switch in CTR IN position the NAV-401L counter may be utilized as 
a general utility counter. Frequencies from 1 MHz to 300MHz can 

be measured. The Counter Mode Switch can be used in any of the four 
time base positions: Hz, KHz, KHz, or MHz. See Technical Summary, 

Section II, for input sensitivities of the counter. 

4-11. PORTABLE OPERATION. The built-in battery supply permits com- 
pletely portable ramp operation for up to two hours with counter 

readout off and one hour with counter readout on. Battery power to 

the test set is controlled by a timer activated when the power switch 
is momentarily pressed to the BAT position. The timer allows ample 
time for most ramp equipment checks but protects against accidently 

leaving the set on. 

4-12. Between the ramp usage periods the battery should be charged 

to maintain long life. The charger operation is automatic and is 

on whenever the NAV-401L is connected to AC power. The set does not 

have to be turned on. The charger electronically limits the charging 

current proportional to battery charge condition so overnight charg- 

ing is recommended. 

NOTE 

If the NAV-401L test set is used only for bench operation, 

the nickel-cadmium batteries can lose their storage ability. 

The test set should be periodically operated on battery 

power to allow the batteries to partially discharge. 



4-13. Battery voltage is found by placing the MONITOR switch in ВАТ 
position. The 0 to 30% scale will show the voltage of the battery. 

Less than 12.5V indicates a discharged battery. Portable operation 

should never be attempted at this level. An automatic low voltage 

cut-off circuit will turn the NAV-401L off just below this level 

Normal battery charged condition will indicate 14V or greater. 

4-14. To operate the LOC and G/S outputs simultaneously, first ad- 

just all controls for normal G/S operation. Use only G/S XTAL mode. 

The output attenuator will vary the RF level of the G/S signal and 

the G/S DDM Controls will vary the centering of the G/S signal. 
Select the LOC with the LOC-PEAK/AVG switch. This activates a sep- 
arate LOC generator within the NAV-401L. The generator output is 

combined with the G/S output at the output connector at a fixed level 
of -18dBm (approximately). The attenuator does not affect the LOC 

output level in this mode. The LOC DDM Controls will vary the center- 

цаг о cue LOC signal. 

4-15. FRONT PANEL CALIBRATION PROCEDURES. 

4-16. The following calibration procedures are not intended to be 
daily tests but used in a preventive maintenance program in a regu- 

lar schedule, i.e., monthly. 

4-17. LOC COURSE CENTERING CALIBRATION. Localizer course centering 

may be periodically calibrated or checked using the following step- 
by-step procedures. 

a. Delete 90Hz signal by setting LOC DDM switch to O and G/S DDM 
switch to 150. 

b. Set MODE switch to LOC XTL. 

c. Connect digital voltmeter to SIGNAL GEN DEMOD jack on back 
panel of test set and record voltage level. 

d. Delete 150Hz signal by setting G/S DDM switch to 90. 
e Center LOC by adjusting Localizer Centering Adjust Pot (R4) 

on front panel to obtain voltmeter indication equal to value 
recorded in step c (+0.001V). 

4-18. G/S COARSE CENTERING CALIBRATION. Glide Slope course center- 
ing may be periodically calibrated or checked using the following 
step-by-step procedures. 

a. Delete 90Hz signal by setting G/S DDM switch to O and LOC DDM 
switch to l150. 

BD Se MODE switch to G/S XIL. 

c. Connect digital voltmeter to SIGNAL GEN DEMOD jack and record 
voltage indication. 

Delete 150Hz siganl by setting LOC DDM control to 90. 
Center G/S by adjusting G/S Centering Adjust Pot (R6) on 
front panel to obtain a voltmeter indication equal to that 
Pecorded in step с (+0.001%). 

о о. 



4-19. VOR BEARING MONITOR CHECK. The VOR bearing system can be moni- 
tored at 90° by an internal Bearing Check Circuit accurate to 0.1°. 
This should not serve as the ultimate proof of performance, as the 
check accuracy is no greater that the accuracy of the bearing system 
itself, but it can show up errors in the VOR output and prevent plac- 
ing improperly calibrated receivers in the field. 

4-20. VOR BEARING MONITOR CHECK PROCEDURE. 
Place MODE switch in VOR XTL or VOR VAR position. 
Place MONITOR switch in BRG position. 
Place Counter Mode switch in any position except BRG. 
Place the Tone Select switch to CTR IN position. 

Select 090.0 degrees on VOR BRG switches. 

Place MASTER MOD control in CAL position. 

Place both VOR tone level controls (30Hz VAR and 9.96 KHz) 
in Его рова кон 

Place TO/FROM switch in ТО position. 
Allow MONITOR meter to settle for 1 to 2 minutes. When any 

tendency to drift has ceased, adjust the Meter Bearing 

Center Adjust (R8), located to the lower right of the Counter 

Mode Switch, for an exact center-scale indication. Use the 0 

to 100% scale. The pointer should indicate 50%. 
1. Place Counter Mode switch іп ВЕС position. 
k. Wait for meter to settle and read the bearing error. The 50% 

scale division equals О, and full scale left and right equals 

р мм њо оо с SS 

-0.59 and 40.59 error, respectively. Example: 30% = -0.2° 
and 80% = 40.3". 

I Read the digital system output on the counter for a quick ref- 

erence on that circuitry. 
NOTE: The counter will read the digital bearing 

system output at any heading. 

m. Place the TO/FROM switch in FROM position. 
n. Read bearing error on the top meter scale 



Table 4-1. Typical Test Control Settings 

Де MARKER OPERATION 

MONITOR Meter & Switch 

MODE Switch MKR XTAL - Mandatory in ramp 

operation; used on bench for 

standard marker center freq- 

ency. 

MKR VAR - Useful to check re- 

ceiver bandwidths, etc. Can 

be phased locked in 25 KHz steps. 

VAR FREQ Controls Use as necessary in MKR VAR to 
check bandwidth of receiver. 

TUNE Controls Tune Generator output for tune 

indicator off and dip on meter. 

OUTPUT Attenuator Use as necessary to establish 
receiver sensitivities. 

HR OUT Connector Connect to receiver antenna 

connector, or attach antenna 
in ramp operation. 

Tone Select Switch Select tone- 1020 (Indent tone) 
400, 1300, 3000 Hz as desired. 

MASTER MOD Control Set to CAL for 95% or variable 
from 0 to 98%. 

Power Switch 

RF - То verify proper leveling 

of signal generator. 

100% - Use to verify 95% mod- 

ulation of signal generator. 

GEN - To read out frequency of 

generator in crystal or vari- 

able modes. 

AC or Battery as desired. 



Table 4-1 (cont'd) 
27 VOR OPERATION 

MONITOR Meter & Switch RF - To verify proper leveling 
of signal generator. 

30% or 100% - Used to verify or 
set 30% modulation of each VOR 
modulating tone. 

BRG - Use to verify operation 

от bearing signal at 90° (Inter- 
талу). 

Counter GEN - To read out frequency of 
generator in crystal or vari- 
able modes. 

MODE Switch VOR XTAL - Mandatory in ramp 

operation; used on bench for a 

very stable channel center freq- 
uency. 

VOR VAR - Can be phase-locked 

in 25 KHZ steps for all channel 

bench operation or to check re- 

ceiver bandwidths, etc. 

VAR FREQ Controls Use in VOR VAR mode to change 
VOR frequency either in 25 KHz 

steps or to continuously sweep 
frequency. 

TUNE Controls Tune generator output for tune 
Tien l out and dip оп meter. 

OUTPUT Attenuator Use as necessary to establish 

receiver sensitivities. 

RF OUT Connector To receiver antenna connector, 

Or attach antenna in ramp oper- 

ALLON. 

Tone Select Switch Select Ident Tone - 1020Hz (or 
others if desired) 

Use to vary the modulation level 
of the 30 Hz component from 0 

to 30%. 

30Hz VAR Level 

Use to vary the modulation level 

of the 9.96 KHZ component from 

O EO Осе 

9.96 KHz Level 



Тарје-4–1 (еоп|'а) 

MASTER MOD Control Set to CAL for 30% each VOR 

tone or variable from 0 to 60% 

each tone. 

Power Switch AC or Battery as desired. 

VOR BRG To bearing desired for radial 
testing and alignment. 

TO/FROM Use to achieve exact reciprocals 

of bearings selected and flag 

3. LOC OPERATION 

test of indicators 

MONITOR Meter & Switch 

MODE Switch 

VAR FREQ Controls 

TUNE Controls 

OUTPUT Attenuator 

RF OUT Connector 

Tone Select Switch 

RF - To verify proper leveling 

of signal generator. 

30% - Verify or set 20% modu- 
lation of each modulating tone 

and set course centering. 

GEN - To read out frequency of 
generator in crystal or vari- 

able mode. 

LOC XTAL - Mandatory in ramp 

operation; used on bench for 

a very stable channel center 
frequency. 

LOC VAR - Can be phase-locked 

in 25 KHz steps for all channel 

bench operation or to check re- 
ceiver bandwidths, etc. 

Use in LOC VAR mode. Change LOC 
frequency either in 25 KHz steps 
or to continuously sweep freq- 
uency. 

Tune Generator output for tune 
light out and dip on meter 

Use as necessary to establish 
receiver sensitivities. 

To receiver antenna connector, 
or attach antenna in ramp oper- 
ation. 

Select Ident Tone - 1020Hz (or 
others if desired). 



Table 4-1 (cont'd) 

LOC DDM Control Stepped - Used for precise 
amounts of deflection and flag 
tests. 

VAR - Used for checking auto- 
pilot servos, meter stickiness, 
GLO 

MASTER MOD Control ЗЕР со CAL Тот 20% each course 
tone and 30% Ident Tone, or 
variable О to 40% each course 

tone and 0 to 60% Ident Tone. 

Power Switch AC or Battery as desired. 

4. G/S OPERATION 

MONITOR Meter & Switch RF - To verify proper leveling 
of signal generator. 

100% - Verify or set 40% mod- 
ulation of each modulating tone 

and set course centering. 

Counter GEN - To read out frequency of 

generator in crystal or vari- 

able mode. 

MODE Switch G/S XTAL - Mandatory in ramp 
operation; used on bench for 
a very stable channel center 

frequency. 

G/S VAR - G/S can be phase lock 
ed MRM 6O KHZ steps for all chan 

nel bench operation or to check 

receiver bandwidths, etc. 

VAR FREQ Controls Use in G/S VAR mode to change 
G/S frequency either in 50KHz 

steps or to continuously sweep 
frequency. 

TUNE Controls Tune generator output for tune 

indicator off and dip on meter. 

OUTPUT Attenuator Use as necessary to establish 

receiver sensitivities. 

RF OUT Connector To receiver antenna connector, 

or to attach antenna in ramp 

operation. 



Table 4-1 (cont'd) 

G/S DDM Control Stepped - Used for precise а- 

mount of deflection and flag 

tests, 

VAR - Used for checking auto- 

pilot servos, meter stickiness, 

etc. 

MASTER MOD Control Set to CAL for 40% each course 

tone, or variable 0 to 80%. 

Power Switch AC or Battery as desired. 

LOC - PEAK/AVG Switch LOC position if simultaneous 

G/S and LOC output desired. 
NOTE: Mode switch should be 
in G/S XTAL position. 

5. COMM OPERATION (RECEIVER TESTS) 

MONITOR Meter and Switch RF - To verify proper leveling 

of signal generator. 

30% or 100% - Verify or set 30% 
Sine wave modulation tone. 

Counter GEN - To read out frequency of 
generator in crystal or variable 
mode. 

MODE Switch COMM XTAL - Mandatory in ramp 

operation; used on bench for 
a very stable channel center 
frequency. 

COMM VAR LO - Use to check COMM 
receiver channels 118.0 to 
135.95 МНЕ, 

COMM VAR HI - Use to check COMM 
receiver channels 134.0 to 158 
MHz. 

VAR FREQ Controls Use in COMM VAR modes to change 
COMM frequency in 25 KHz steps 
or to continuously sweep freq- 
uency. 

TUNE Controls Tune generator output for tune 
light out and dip on meter. 

OUTPUT Attenuator Use as necessary to establish 
recelver sensitivities. 



Table 4-1 (cont'd) 

RF OUT Connector To receiver antenna connector, 
or attach antenna in ramp oper- 
ation; 

Tone Select Switch Use to select tone frequency 

desired or for external mod- 

ulation input (bench testing 
only). 

MOD IN/CTR IN Connector Use to apply external modulat- 

ion to Signal Generator. 

MASTER MOD Control СОК КО САК for 30% each tone 
selected ог variable 0 to 60% 
modulation each tone. 

Power Switch AC or Battery as desired. 

6. COMM OPERATION (TRANSMITTER TESTS) 

MONITOR Meter & Switch ТОМ or 100W - Use to measure 

transmitter power. 

CAUTION 

Observe power versus 

time limits of power 

meter. 

Counter Hz, KHz - Use of measure tran- 
smitter frequency - KHz, MHz, 
HF or VHF bands. 

LOC-PEAK/AVG Power Switch Peak - Use to indicate increase 
in power during modulation. 

Avg - Use to indicate Avg power 
only disregarding modulation. 

MOD IN/CTR IN Jack Attach whip antenna for COMM 
frequency measurements in port- 

able operation. 

Tone Select Switch To CTR IN position. 

Power Switch AC or Battery as desired. 

XMTR IN Connector Connect to COMM transmitter 

output. 



SECTION У 

REFERENCE CHARTS AND TABLES 

Table 5-1. Correspondence Chart for Decibels, Volts, and Watts (50NLoad) 

+40dBw 

+39dBw 
+38dBw 

+37dBw 

+36dBw 

+35dBw 

+34dBw 

+33dBw 

+32dBw 

+31dBw 

+30dBw 

+29dBw 

+28dBw 
+27dBw 

+26dBw 
+25dBw 

+24 Ву 
+23dBw 

+22dBw 
+21dBw 
+20dBw 

+19dBw 
+1 8dBw 

+17dBw 

+16dBw 
+15dBw 

+14dBw 
+13dBw 
+12dBw 
+11dBw 

+10dBw 

10,000W 
7 ,940W 
6,320W 
5 ,000W 
3,980W 
3,160W 

2 ,510W 
2 ,000W 
1,590W 
1,260W 
1,000W 

794W 

+9dBw 

+8dBw 

+7dBw 

+6dBw 

+5dBw 

+4 dBw 

+3dBw 

+2dBw 

+1 аву 

OdBw = 

+30dBm 

+29аВт 
+28dBm 

+27dBm 

+26dBm 

+25dBm 

+24dBm 

+23dBm 

+22dBm 

+21dBm 

+20dBm 

+19dBm 

+18dBm 

+17dBm 

+16dBm 
+15dBm 

+1 4dBm 

+1 3dBm 

+12dBm 
+11dBm 
+10dBm 
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Table 5-1 (cont'd) 

ao LU 

2.00uW 

1.59uW 

1.26uW 

1.00uW = 

1000nW 

794nW 
6 32nW 

50003 
398nW 
316nW 

251nW 

200nW 

МЮ N Мо со 

инь HN 



Table 5-1 (cont'd) 

Decibels | volts | Watts | 

-121dBm 
-1224Вш 
-123dBm 
-124dBm 
-125dBm 

-126dBm 
-127dBm 
-128dBm 
-1294Вш 
-130dBm 



Table 5-1 (cont'd) 

decibels referenced one watt 
decibels referenced to one milliwatt 

volts 

millivolts (volts 

microvolts (volts 
nanovolts (volts 

watts 

milliwatts (watts 

microwatts (watts 

nanowatts (watts 

picowatts (watts 

femtowatts (watts 

attowatts (watts 



Table 5-2. Correspondence Charts for 90Hz and 150Hz Tones 

LOCALIZER 

Tone Difference Values Coarse Deviation Indicator 

90Hz and 150Hz y ; ' 
mps 

0 

90 

150 

194 

387 

NOTE: *Standard CDI deflection = 60% of full scale (linear 
movement). 

-Deflections in microamps apply to indicators with full 

scale deflection current of 150,4. 

10) Centered 

4.114 Standard 

1.102 Full Scale 

More than full 
scale 

9.542 

Full one tone 
delete other 

Infinity 

GLIDE SLOPE 

Tone Difference Values G/S Deviation Indicator 

% Modulation 

0 

78 

150 

343 

686 

NOTE Standard G/S indicator deflection = 53% of full scale 
(linear movement). 

-Deflections іп microamps apply to indicators with full 
scale deflection current of 150A. 

0 Centered 

1.988 Standard 

3.622 Full Scale 

9.542 More than full 
scale 

Full one tone 
delete other 

Infinity 
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Table 5-3. 15082 and 90Hz Tones Variable Phase Relationships 

VOR BRG 150Hz Phase 

Switch Relative 

Position to 90Hz 

-0 
20 
.0 
.0 
29 
0 
-0 
.0 
.0 
„О 
219 
49 
.0 
33. 
21) 
ча 
-0 
0 
0 
aU 
20 
ЖО 
20 
‚0 
21) 

Ж 41209 will have the same phase relationship 

as 09; therefore, only 1° through 12° BRG 

switch positions need be used. 







SECTION VI 

THEORY OF OPERATION 

6-1. INTRODUCTION. 

6-2. The purpose of Sections VI through XV is to give the tech- 
nician all information to calibrate, repair, and prove the perfor- 

mance of the NAV-401L test set. This section gives information 
pertaining to the general theory of circuit operation. See figure 

6-1, Simplified Overall NAV-401L Block Diagram. 

6-3. TONE GENERATORS. See figure 6-2, Simplified Tone Generator 
Block Diagram. 

6-4. Nine different audio tones or signals are utilized in the 
NAV-401L. They are the standard Ident tone (1020Hz), the three 
Marker tones (400Hz, 1300Hz and 3000Hz), the LOC and G/S tones 
(90Hz and 15082), the two VOR signals (30Hz Reference Phase and 
30HZ Variable Phase), and the VOR subcarrier (9960Hz). 

6-5. Four of the tones, 1020Hz, 400Hz, 1300Hz and 3000Hz, are 
generated on the Regulator-Timer Board PC-2. The Tone Select 
Switch selects the frequency of a stable operational amplifier, 
RC oscillator. The tone output is applied through the MODE switch 
to the 30Hz Sine Board, PC-4, for combining with VOR and LOC sig- 
nals, and modulation for MKR and COMM. 

6-6. Four other tones are originated by the Bearing Logic Board, 
РС-5, the 30Hz Reference and 30Hz Variable Phase tones for the 
VOR signal and the 90Hz and 150Hz tones for LOC and G/S use. PC-5 
generates only the square-wave outputs for these Signals, they 
are converted to sine signals on other boards. Two outputs for the 
30HZ Variable phase signal, 180° apart, are applied to the TO/FROM 
Switch for reciprocal bearing selection before being converted to 
sine signals. 

6-7. Within the Bearing Logic Board a System is incorporated to shift the phase of the 150Hz signal relative, to the 90Hz Signal. The VOR BRG switches are utilized to achieve an exact phase shift from 0° to +60°, which is the worst case phase relationship. 

6-8. The square wave outputs from the Bearing Logic Board are applied to two other boards for conversion to sine Signals. The two 30Hz outputs go to the 30Hz Sine Board, PC-4. The 90Hz and 150HZ outputs go to the Combination Sine Board, РС-3. 



6-9. On РС-3 the 90Hz and 150Hz square waves are processed through 
Synthesizers to obtain accurate, low-distortion Sine waves. The 
90Hz output is applied to the LOC and G/S centering adjust controls 
and then to the LOC and G/S deviations switches. The 150Hz output 
is applied directly to the LOC and G/S deviation switches. The 
two signals are properly summed in the LOC and G/S DDM switches, 
and are applied to the 30Hz Sine Board, PC-4. 

6-10. The 30Hz Variable and 30Hz Reference Phase VOR Square 
wave are applied from the Bearing Logic Board, PC-5, to the 30Hz 
Sine Board, PC-4. On the PC-4 the two square waves are processed 
into accurate sine signals. The 30Hz Reference Sine output is then 
applied to the modulation input of a 9960Hz oscillator which is 
phase locked to the 30Hz Reference. Modulation is presented to 
FM modulate the 9960Hz output to an accurate *480Hz deviation. 
This forms the reference subcarrier for the VOR signal. 

6-11. The 30Hz Variable Sine output and the 9960Hz FM Sine out- 
put are applied to the 30Hz VAR and 9.96kHz level controls and 

then back into PC-4 for summing together to form the composite VOR 

signal. А tone input from the Regulator-Timer Board (see para- 

graph 6-6) can also be combined with the VOR signal for Ident checks 

etc. The tone input is buffered before combining with the VOR 
signal. The entire VOR composite signal is then applied to the 

MODE switch for selection during the VOR mode of operation. 

6-12. The LOC Deviation Switch input to PC-4 is buffered and then 
applied to the MODE switch for selection during the LOC mode of 

operation. At the buffer output, a tone from the Regulator- 

Timer Board (see paragraph 6-6) can be combined with the LOC sig- 

nal “for “Ident checks, ect. 

6-13. Тһе ‘LOC buffer output is presented at an output terminal of 

PC-4 to use as LOC modulation for the additional LOC generator 

utilized in the NAV-401L. Tone modulation cannot be added to this 

output. 

6-14. The G/S Deviation Switch input to РС-4 is applied through 

a buffer amplifier to the MODE switch for selection during G/S 

mode of operation. No other tones can be added to the G/S signal. 

6-15. The tone buffer output is applied directly to the MODE switch 

for MKR tones during the Marker mode of operation. A dropping res 

sistor reduces the tone level at the MODE switch for use in the 

COMM modes. Modulation level is 95% for MKR and 30% for COMM. 

6-16. The MODE switch selects the RF output desired nd the type 

of modulation needed for a particular mode. The selection modula- 

tion is applied to the Combination Sine’ Board, PC-3, where gus 

processed through either à fixed level buffer amplifier or through 

a variable level buffer amplifier. The fixed amplifier is used in 

MASTER MOD CAL position; the variable level amplifier Е сей in 

the uncalibrated MASTER MOD control position. In variable mode 

the position 
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6-17. The modulation output from the fixed or variable amplifier 

is applied to the modulator input in the modulator and power ашр- 

lifier, Assembly 6, and modulates the RF output of the test set. 

The modulation output of PC-3 is also applied through a separate 

buffer amplifier to the NAV TONE output connector on the rear of 

the test set. 

6-18. BEARING GENERATOR. See figure 6-3, Simplified Bearing 

Generator Block Diagram. 

6-19. The VOR bearing is generated in the NAV-401L by a crystal- 

controlled digital counting system. All involved circuitry except 
the bearing select switches is located on the Bearing Logic Board, 

PC-5. The 90Hz and 150Hz LOC and G/S tones are also generated on 
the Bearing Logic Board as a side product of the bearing counters. 

6-20. A crystal oscillator and divider circuit on PC-5 generates 

a clock signal that has a time interval equal to 0.1° of bearing. 
The clock signal is applied to a counter that counts 3600 input 

impulses and then resets to begin a new count cycle. Gates and 

other logic circuits perform the count control for the counter. 

The output of the count control circuit forms the 30Hz Reference 

output. 

6-21. Four thumbwheel switches sense counts in the bearing counter 

from 000.1° to 359.9°. The switch outputs are summed together 
through a common gate and applied as a start pulse to a counter. 

6-22. Immediately after the start pulse is applied the counter 

begins counting clock pulses at а 0.1° rate. After 180° of 
pulses have been counted a counter control circuit stops the clock 

input and resets the counter. The output of the 180° counter 

system is a 30Hz square wave delayed from the start of the 30Hz 
Reference signal by the number of degrees selected in the VOR BRG 
Switches. Two outputs are available 180° apart to simulate a TO 
or FROM signal. 

6-23. The 90Hz and 150Hz tones are generated by picking off counts 
from the bearing counter and adding further division. By this 
method the 90Hz and 15082 frequencies are both crystal controlled 
and phase-locked together. 

6-24. The phase relationship between the 90Н2 and 150Hz tones 
normally locked in the proper relationship, can be varied by & Spécial 
circuit. By using the reset from the 30Hz Variable output signal 
the 150Hz tone can be stepped in 5? increments relative to the 90Hz 
tone using the bearing switches. Each 1? of bearing selected 
causes 59 of the 150Hz phase shift. 

6-25. RF SECTION. See figure 6-4, Simplified RF Block Diagram. 
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6-26. All Rf energy is generated in the NAV-401L by the oscillator 

assembly, assembly 5. Within the assembly are five crystal соп- 

trolled oscillators and one variable-frequency oscillator, band- 

switched to cover from 72-78MHz and 107-156MHz. The crystal freq- 

encies are those authorized for ramp use by the FAA. Special freq- 

encies can be substituted if required. 

6-27. The oscillator output is fed through a buffer amplifier to 

the Modulation/Power Amplifier assembly. Within the assembly the 

modulator and power amplifier are designed as a servo control 

system with the RF output controlled by the modulator. 

6-28. All RF is amplified and fed through the power amplifier 
with no frequency change except in G/S mode, where the input 
carrier frequency is trippled in the output stage. All power amp- 

lifier circuits are broadtuned except the output stage which must 
be peaked for proper output by a front panel tune control. The 
output stage directly feeds the input of ап attenuator whose out- 

put is presented to a Diode Protect Block. The Protect Block 
guards against damage to the attenuator if a transmitter is con- 

nected to the OUT connector. 

6-29. The RF output level at the attenuator input is detected 

and applied to the modulator input. The proper audio modulation 

is also applied to the modulator and power amplifier after being 

buffered by an amplifier on the Combination Sine Board, PC-3. The 
modulator collector-modulates the output stage of the power amp- 

lifier and requires a certain level of RF output to achieve the 

percent modulation requirements and RF level out of the output stage. 
Each of the five modes of operation requires a different detected 

voltage, which is determined by five gain switches in the modulator 

driven by Mode Control Lines from the Mode Switch. 

6-30. The modulator output to the power amplifier may be connected 

to the MONITOR meter by the Tune Switch. The power amplifier is 
in perfect tune when the command voltage from the Modulator is 

minimum; therefore, when the TUNE switch is pressed, the Tune con- 

trol is adjusted for a dip on the MONITOR meter. 

6-31. The modulator output is also applied to a TUNE Indicator 
which comes on whenever the modulator is commanding more detected 
RF voltage when the power amplifier is tuned for. When the power 
amplifier is properly adjusted the TUNE Indicator will go off. 

6-32. Because the percentage of modulation is directly controlled 
by the modulator, sampling the output of the modulator input amp- 
lifier can give a direct measurement of that percentage, as well 
aS a relative indication of power amplifier tune condition. That 
output is applied to three places. The first place is the Combin- 
ation Sine Board where the signal is split into two circuits: The 
Modulation Monitor circuit and the RF level meter circuit. 
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The second place is the SIG GEN DEMOD output connector on the rear 

of the test set for measuring with a precision meter for modulation 

determination purposes. The output is also applied to the Bearing 

Check Board, PC-1. During VOR operation, the modulation is demod- 

ulated to determine VOR relative bearing error in the RF output. 

6-33. A separate localizer generator is installed in the set and 

is turned on when the LOC-PEAK/AVG power switch in LOC-PEAK pos- 

ition. The localizer generator frequency is chosen to pair with 

the 334.7MHz G/S XTL frequency and is fixed at 108.10MHz. Audio 

from the LOC DDM switch is applied to the generator to modulate 

the output. Output level is approximately -16 to -18 dBm and is 

mixed with the G/S XTL RF in the Diode Protect Block. 

6-34. When the MODE switch is set to any VAR position, the osc- 
illator can be phase locked in 25kHz increments or operated com- 

pletely free-running. The phase-lock circuit is located on the 

Phase Lock/Power Monitor assembly, Assembly 4. G/S is phase locked 

at 50kHz increments. 

6-35. The reference frequency for phase lock is 250Hz taken from 
the counter. The oscillator frequency is taken from the + 100 

prescaler output and compared against the 250Hz reference. The 
oscillator output frequency is set by the main VAR FREQ control. 

When the output frequency closely equals the nearest 25kHz step, 
the oscillator frequency is locked to that 25kHz step. 

6-36. In G/S mode, the reference frequency for phase lock is 

166Hz taken from the counter, and will phase lock at 50kHz steps. 

6-37. When phase-lock operation is not desired the coarse VAR 

FREQ control gives very large frequency changes for any rotation 
and the Fine VAR FREQ control gives small frequency changes. 

6-38. А COMM transmitter can be connected to theXMTR IN connector 
where the power is applied to а 25848 pad. The output of the рад 

is applied to the Power Monitor portion of Assembly 4. A monitor- 
ing circuit drives the monitor meter on one of two ranges, 0 to 
10W от O to 100W. The output.of the Power Monitor is applied to 
the rear panel connector PWR MON DEMOD to allow observing the COMM 
audio on an oscilloscope or listening to the audio with an external 
amplifier. 

6-39. At the XMTR IN connector a small sample of the RF is taken 
and applied to the counter to measure COMM transmitter frequencies. 
The frequency may be displayed in any counter mode except GEN and 
BRG. 

6-40. COUNTER SECTION. See figure 6-5, Simplified Counter Block 
Diagram. 
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6-41. All count inputs to the counter except Bearing Check go 

through the Prescaler, Assembly 1.There are two inputs to the 

prescaler. One is applied fron the Buffer Amplifier assembly and 

is the count for the internal generator. This count input is 

switched to pass through the prescaler when the Counter Mode switch 

is in the GEN position. 

6-42. The second input is applied from the MOD IN/CTR IN connector 

on the front panel. Also summed in this input at the front panel 

is the XMTR IN connector to measure COMM XMTR frequencies. This 

count input is switched to pass through the Prescaler when the 

Counter Mode Switch is in any positon except GEN or BRG. 

6-43. Both inputs to the prescaler are presented at a direct count 
output and a + 100 prescale output. Both of these outputs are app- 

lied to the counter, PC-6, where the direct output is counted in 
the Hz and first kHz mode switch positions. The + 100 output is 

counted in the GEN, second kHz, and MHz positions. Through the 

operation of the Counter Mode switch, the output will be counted 
in GEN position and external of COMM XMTR inputs will be counted 

in Hz, KHz, kHz, and MHz positions. 

6-44. In the BRG position, the gate time for the counter is the 
period of the 30Hz Reference square wave from the Bearing Logic 
Board. Count input is also from the Bearing Logic Board and is 

the output of the .1° divider gated by the VOR BRG switch output. 
The same number of .1° clock pulses will be applied to the counter 

as the number of bearing degrees selected. Those pulses are count- 
ed and displayed by the counter to 0.1°. 

6-45. The clock source for the counter is from a 10MHz crystal 
oscillator located on the Bearing Check Board. The oscillator 

output frequency is divided to 100КНе and applied to the counter 

board where it is further divided to gate times of .1 sec and 1 sec. 

6-46. On G/S mode the .1 sec time base is divided by three to 
effectively multiply the input count by three. On G/S the oscill- 

ator frequency is multiplied by three in the output stage of the 
power amplifier. Since the counter output from the power amplifier 

comes from the input of the power amplifier, that count can be 
trippled in the counter and display the same G/S frequency coming 
out of the power amplifier. 

6-47. The minimum recommended operating voltage for the МАУ-4011, 
display is 160vDC. The output of the high voltage switching reg- 
ulator is applied to the displays. 

6-48. MONITORING SECTION. See figure 6-6, Monitoring Section 
Block Diagram. 
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6-49. Three monitoring circuits are included on the Combination 

Sine Board, PC-3. The battery is connected to PC-3 where battery 

voltage is measured to detect a discharged condition. 

6-50. The signal generator demodulated output from the power ашр- 

lifier is applied to PC-3 where the DC level is sampled and applied 

to the meter for an RF level indication. The demodulation output 1s 

also processed to determine the accurate percentage of modulation. 

Two modulation ranges are used, 0 to 30%, and 0 to 100%. 

6-51. Two monitor circuits are included on the Bearing Check Board 

PC-1. One is the Power Monitor circuit. The output from the Power 

Monitor assembly, Assembly 4, is applied to РС-1 where it is pro- 

cessed and applied to the meter as 0-10W or O-100W power ranges. 

6-52. The other monitor circuit on РС-1 is the bearing check system. 
The signal generator demodulated output from the power amplifier 

is further demodulated and broken down to the two 30Hz signals dur- 

ing VOR operation. The phase relationship of the reference and 

variable signals is compared at 90.0° and an error signal is prod- 

uced. That error voltage is applied to the monitor meter for 

bearing check information accurate 0.1°. 

6-53. POWER SECTION. See figure 6-7. Power Section Block Diagram. 

6-54. The NAV-401L can be powered from two sources, an external 
115 ог 240 VAC source or the built-in 13.050. 2 ЈАН савијати 

battery. 

6-55. The Power Supply Assembly, Assembly 2, is located on the 
back panel of the test set. AC power is converted by a transformer 

and rectified to +20V DC whenever the test set is connected to 
an AC source. There is no AC line switching in the NAV-401L. The 

+20V is applied continuously to the Battery Charging circuit on 

PC-2. Whenever the test set is connected to AC power, the battery 
is being charged. The charger is self-limiting to сһатве di 
charged battery at a high rate , and trickle-charge а fully- 
charged battery so that the set can be left continuously charging. 

6-56. For operation from AC power the +20V is applied through the 
Line Switch to PC-2 and to Assembly 3, the +5V Supply. On peo 
the +20V is regulated to 411У and applied to the test set. The 
+11V is also internally applied on PC-2 to the -6.2V regulator аз 
a reference voltage. Negative voltage developed by the +5V switch- 
ing regulator is also applied to PC-2 and dropped to 6 27. 

6-57. The +5V Supply applies +5V to the test set as a whole and 
а separate, switched +5V to the counter circuitry. 



6-58. When using battery power, а 10 minute timer does the actual 
power switching. The Power Switch, when pressed to BAT, turns the 
timer on, which applies battery voltage to teh remainder of the 
power system in place of the +20V used in AC operation. After app- 
roximately 6 to 10 minutes the timer turns the set off. Pressing 
the Power Switch a second time will also turn the timer and set off. 



SECTION VII 

PERFORMANCE TESTS 

7-1. INTRODUCTION. 

7-2. The following steps give the procedures necessary to deter- 
mine the overall performance of the NAV-401L. Each test should be 

done in the sequence given. Refer to Calibration Procedures, Sec- 

tion VIII, for adjustment procedures for any parameters which do not 
meet the specifications. If a failure or operational problem is 
encountered refer to Section XII, Troubleshooting, for guidance in 

locating the problem. 

7-3. To maintain accurate measurements throughout the procedures, 

the test set signal generator output should be accurately tuned. 

The TUNE control should be fine tuned whenever the frequency is 
changed by more than a few megahertz in any band, whenever a diff- 

erent frequency band is selected on the MODE switch, and when the 
attenuator is changed in the output range of -20dBm to -7dBm. 

7-4. PROCEDURES. 

7-5. NAV TONES. 
Set MODE switch to MKR XTL. 
Set MASTER MOD control to CAL position. 

Connect frequency counter to NAV TONE OUT connector on the 
back panel of the test set. 

Set Tone Select switch to 1020. 

Frequency counter should indicate between 1010Hz and 1030Hz. 
Set Tone Select switch to 400. 
Frequency counter should indicate between 396Hz and 404Нг. 
Set Tone Select switch to 1300, 

Frequency counter should indicate between 1287Hz and 1313Hz. 
Set Tone Select switch to 3000. 
Frequency counter should indicate between 2970Н? and 3030Hz. 
Set Tone Select switch to CTR IN. 
Set MODE switch to VOR XTL. 
Adjust 9960Hz level control full ccw. 
Adjust 30Hz VAR level control full cw. 

Frequency counter should indicate 30Hz. 
Adjust 9960Н2 level control full cw. 
Adjust 30Hz level control full ccw. 

Frequency counter should indicate 9960Hz. 
Disconnect the frequency counter and connect an oscillo- 
scope to the NAV TONE OUT connector. 
Adjust scope trigger and position controls to vertically 
center the display and position the sweep trigger point at 
the left edge of the horizontal centerline as shown in fig- 
ure 8-2(A). 
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Set oscilloscope controls as specified in figure 8-2(B). 
Check that deviation of expanded display (see fig. 8-2(B)) 
corresponds to At=48.5yus (+2.4us). 
Disconnect the oscilloscope and connect a frequency counter 
to the NAV TONE OUT connector. 
Set MODE switch to LOC ХТБ. 
Set G/S DDM control. то Of 
Set LOC DDM control to 90Hz. 
Frequency counter should indicate 90Hz. 
Set LOC DDM control to 150Hz. 
Frequency counter should indicate 150Hz. 
Disconnect frequency counter and connect oscilloscope to 
NAV TONE OUT connector. 
Set LOC^DDM control 10,0: 
Set VOR ВЕС to 004.0: 
Press ф switch and note that the relative amplitude of the 

peaks of the waveform changes when the switch is pressed. 

DDM CENTERING. 
Connect digital voltmeter (DVM) to SIG GEN DEMOD connector 

on back of test set. 

set Tone Select switch to CTR IN. 

Set LOC DDM to 0. 
Set MODE switch to LOC XTL. 

Set G/S DDM control to 150Hz. 
Set MASTER MOD to CAL. 
Note the DVM ac voltage indication (550mV, +30mV). 

Set G/S DDM control to 90Hz. 
Note that DVM ac volt indication is within +2mV of the indi- 

cation noted in step g. 

Set G/S DDM control to 0. 
Set MODE switch to G/S XTL. 
Set LOC DDM control to 15082, 

Note the DVM ac voltage indication (1.100V, +.060V). 

Set LOC DDM control to 90 2, 

Note that DVM ac voltage indication is within +2mV of the indi- 

cation noted in step m. 

DISTORTION. 
Set MASTER MOD to CAL. 

Connect audio distortion meter to NAV TONE OUT connector on 

back of test set. 

Set MODE switch to MKR XTL. 

Set Tone Select switch te 1020. 

Distortion meter should indicate less than ла стопте .dist— 

ortion. 

Set Tone Select switch to 400, 1300, and 3000 and check that 

the distortion meter indicates less than 1% harmonic dist- 

ortion for each tone. 

Set MODE switch to VOR XTL. 

Adjust 9.96kHz level control full сем. 

Adjust 30Hz VAR level control full cw. 

Set Tone Select switch to CTR IN. 



k. Distortion meter should indicate less than 0.5% harmonic 
distortion. 

Ши зе МОРЕ "switch to LOG XTL. 

m. Set G/S DDM control to 0. 
ne сес LOC DDM control to 90. 

o. Distortion meter should indicate less than 0.5% harmonic 

distortion. 

p. Set LOC DDM control to 150. 
q. Distortion meter should indicate less than 0.5% harmonic 

CLS bouton. 

7-8. PERCENT MODULATION OF TONES. Two procedures are presented 
for testing the percent modulation of tones. The procedure in 
paragraph 7-9 is the preferred procedure and uses a modulation meter 

to directly measure the modulation without removing the test set 

from the case. The procedure in paragraph 7-10 uses a digital volt- 
meter to make measurements so that the percent modulation of the 
tones can be calculated. This procedure requires the test set to 
be removed from the case. The alternate procedure should not be 
used if any internal repairs or adjustments have been made to the 

transmitter assembly. 

7-9. Preferred Procedure. 

a. Set MASTER MOD control to CAL. 

b. Set MODE switch to MKR XTL. 

c. Set MONITOR switch to 100%. 
4. Set Tone Select switch to 1020. 
e. Connect modulation meter to RF OUT connector. 

f. Modulation meter should indicate 95(+5)%. Check that MONITOR 

meter indicates approximately 95% modulation. 
g. Set MODE switch to VOR XTL. 

h. Adjust 3082 VAR and 9.96kHz level controls full ссу. 

i. Modulation meter should indicate 30(+2)%. Check that MONITOR 
meter indicates approximately 30% modulation. 

1. Set Tone Select switch to MOD IN. 

К. Adjust 30Hz VAR level control full cw. 

1. Modulation meter should indicate 30(+2)%. 
m. Adjust 30Hz VAR level control full ccw and 9.96kHz level 

contral full су. 

n. Modulation meter should indicate 30(+2)%. 
Оо, “бер MODE switch to LOC. XTL. 

DOS Set LOC DDM control" to 0: 

ge Set C/S DDM control «to 90. 
r. Set MONITOR switch to 30%. 
S. Modulation meter should indicate 20(+2)%. Check that MONITOR 

meter indicates approximately 20%. 
to Sel G/S-DDM control to 150: 
u. Modulation meter should indicate 20(+2)9. 
v. Set LOC DDM control to 90 and Tone Select switch to 1020. 
w. Modulation meter should indicate 30(+2)%. 
x. Set G/S DDM control to O and MONITOR meter function Switch 

to 100%. 
у. Modulation meter should indicate 40(+2)%. Check that MONITOR 

meter indicates approximately 40% modulation. 
2. Set LOC DDM control to 150. 
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Modulation meter should indicate 40(+2)%. 
Set MODE switch to COMM XTL. 
Modulation meter should indicate 30(+2)%. 

Alternate Procedure. 

Remove NAV-401L chassis from case (See Section DX). 
Disconnect P802 from rear of transmitter assembly. See 
figure 12-13 for connector location. 
Connect digital multimeter to SIG GEN DEMOD connector on 
back panel of test set and apply power to the test set. 
Set MODE switch to MKR XTL and record dc offset voltage 
indication (approximately 260mV). Define this voltage as 
МКЕ У). 

Set MODE switch to VOR XTL and record dc offset voltage 
indication (approximately 260mV). Define this voltage as 
VOR Vi. 
Set MODE switch to LOC XTL and record de offset voltage 
indication (approximately 260mV). Define this voltage as 
LOC Vi. 

Set MODE switch to G/S XTL and record ас offset voltage 
indication (approximately 300mV). Define this voltage as 

G/S^ V1, 
Set MODE switch to COMM XTL and record dc offset voltage 
indication (approximately 260mV). Define this voltage as 

COMM Vi. 
Remove power from the test set, connect P802 to transmitter 
assembly, and apply power to the test set. 
Set MODE switch to MKR XTL and Tone Select switch to 1300. 
Adjust MASTER MOD control to CAL and record de voltage in- 
dication (approximately 4V). Define this voltage as МКЕ V». 
Record ac voltage indication at SIG GEN DEMOD connector and 

define this voltage as MKR Vac. 
Calculate the percent modulation for the 1300Hz tone by sub- 

stituting the recorded voltages into the following equation. 

% Mod = MKR Vac х 1414 х 100% 

MKR V2 - МКЕ Vi 

Percent modulation calculated in step m should equal 95(+5)9. 

Set MODE switch to VOR XTL and Tone Select switch to CTR IN. 

Adjust MASTER MOD control to CAL and 9.96kHz level control 

тат песме 

Adjust 30Hz VAR level control full cw. | 

Record de voltage indication (approximately 4V) and define 

this voltage as VOR V2. 

Record ac voltage indication at the SIG GEN DEMOD connector 

and define this voltage as VOR Vac. Calculate the percent 

modulation for the 30Hz VAR tone by substituting the recorded 

voltages into the following equation. 

% Mod = VOR Vac x 1.414 x 100% 

VOR Уг - VOR Ул 
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Percent modulation calculated in step s should equal 30(+2)%. 

Adjust 30Hz VAR level control full ссм and 9.96kHz level 

control full cw. Record de voltage indication (approximately 

4V) at SIG GEN DEMOD connector and define this voltage as 

VOR V2. 
Record ac voltage indication as SIG GEN DEMOD connector and 

define this voltage as VOR Vac. Calculate the percent mod- 

ulation for the 9.96kHz tone by substituting the new record- 

ed voltages into the equation used in step 5. 

Percent modulation calculated in step v should equal 30(+2)%. 

Adjust 9.96kHz level control full ccw and set Tone Select 

switch to 1020. Record de voltage indication (approximately 

4V) at SIG GEN DEMOD connector and define this voltage as 

VOR V2. 
Record ac voltage indication and define this voltage as VOR 

Vac. Calculate the percent modulation for the 1020Hz tone 

by substituting the new recorded voltages into the equation 

used in step s. 
Percent modulation calculated in step y should equal 30(+2)%. 
Set Tone Select switch to CTR IN and MODE switch to LOC XTL. 
Set LOC DDM and G/S DDM switches to 0. 
Record de voltage indication (approximately 4V) and define 

this voltage as LOC Va. 
Set LOC DDM to 90. 
Record ac voltage indication at SIG GEN DEMOD connector. 

Define this voltage as LOC Vac and calculate the percent 

modulation for the 90Hz LOC tone by substituting the record- 
ed voltages into the following equation. 

% Mod = LOC Vac x 1.414 x 100% 
LOC: Мо => LOG MV 

Percent modulation calculated in step ae should equal 20(+2)%. 
Set LOC DDM to 150. 

Record ac voltage indication and define this voltage as LOC 

Vac. Calculate the percent modulation for the 150Hz LOC 

tone by substituting the new recorded voltages into the equ- 
ation. used. in step ae. 

Percent modulation calculated in step ah should equal 20(+2)%. 
Set G/S DDM to 90 and Tone Select switch to 1020. Record 
de voltage indication (approximately 4V) and define this 
voltage as LOC V2. 

Record ac voltage indication and define this voltage as LOC 
Vac. Calculate the percent modulation for the 1020Hz Tone 
by substituting the new recorded voltages into the equation 
used in step ae. 
Percent modulation calculated in step ak should equal 30(+2)% 
Set MODE switch to G/S XTL. à 

Set LOC ОМ and G/S ОРОМ controls to 0. 
Record dc voltage indication (approximately 4V) at SIG GEN 
DEMOD connector. Define this voltage as G/S V2. 
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Set G/S DDM to 90. 
Record ac voltage indication at SIG GEN DEMOD connector and 
define this voltage as G/S Vac. Calculate the percent mod- 
ulation for the 90Hz G/S tone by substituting the recorded 
voltage into the following equation. 

% Mod = G/S Vac x 1.414 x 100% 
| 678 У; - G/S Vi 

Percent modulation calculated in step aq should equal 40(+2)%. 
Set G/S DDM to 150. Record de voltage indication (approximately 
4V) and define this voltage as G/S V». 
Record ac voltage indication and define this voltage as G/S 
Vac. Calculate the percent modulation for the 150Hz G/S 
tone by substituting the new recorded voltages into the 
equation used in step aq. 

Set MODE switch to COMM XTL and Tone Select switch to 1020. 
Record ас voltage indication (approximately 4V) at SIG GEN 
DEMOD connector and define this voltage as COMM Vo. 

Record ac voltage a COMM Vac. Calculate the percent mod- 
ulation for the 1020Hz tone by substituting the recorded 

voltages into the following equation. 

% Mod = COMM Vac ~ 1 414 '< 100% 
COMM V, - COMM V; 

Percent modulation calculated in step ах should equal 30(+2)9. 

ATTENUATOR OUTPUT LEVEL. 
Adjust MASTER MOD control full ccw, but out of the detent 

(CAL) position, and set LOC-PEAK/AVG switch to AVG. 
Set MODE switch to VOR XTL. 
Connect power meter to OUT connector. 

Adjust OUTPUT attenuator to -30dBm. 

Power meter should indicate -30(+.5)dBm. 

Adjust OUTPUT attenuator to -25dBm. 

Power meter indication should agree with the value recorded 

on the Attenuator Correction Chart, Section II, within +.5dBm. 

Adjust OUTPUT attenuator to -20dBm. 

Power meter indication should agree with the value recorded 

on the Attenuator Correction Chart within +.5dBm. 

Adjust OUTPUT attenuator to -15dBm. 

Power meter indication should agree with the value recorded 

on the Attenuator Correction Chart within +.5dBm. 

Adjust OUTPUT attenuator -30dBm. i | 

Set MODE switch to MKR XTL. Power meter should indicate 

– 30(+ 2) аВт. | : 

Set MODE switch to LOC XTL. Power meter should indicate 

-30(+2)dBm. А А 

Set MODE switch to COMM XTL. Power meter should indicate 

-30(+2)dBm. 



p. Set MODE switch to COMM VAR. А 
а. Adjust VAR FREQ control to 144.0MHz. Power meter should in- 

dicate -30(+2) dBm. 

r. Set MODE switch to G/S XTL. Power meter should indicate 

-30(+2)dBm. 
s. Adjust TUNE control until TUNE indicator comes on. 

t. Set LOC-PEAK/AVG switch to LOC-PEAK. Power meter should 

indicate -15 to -20 dBm. 

u. Set MONITOR switch to RF and tune transmitter output. Check 

that MONITOR meter needle is centered when transmitter is 

tuned. 

7-12. RF FREQUENCIES. 
a. Adjust VAR FREQ fine tune control full ccw into detent, 

phase lock, position. 
b. Adjust MASTER MOD control full ccw but not into CAL (detent) 

position. 

c. Connect external frequency counter to OUT connector. 

d. Set MODE switch to VOR XTL. 
e. Adjust VAR FREQ control to phase-lock output frequency at 

110.000MHz. External frequency counter should indicate 
110.000MHz, +1kHz. 

f. Disconnect external frequency counter. 

Set Counter Mode switch to GEN. 
Set MODE switch to MKR XTL. Counter should display marker 
crystal frequency, +3kHz. 

i. Set MODE switch to VOR XTL. Counter should display VOR 
crystal frequency, +5kHz. 

j. Set MODE switch to LOC XTL. Counter should display localizer 
crystal frequency, +5kHz. 

k. Set MODE switch to G/S XTL. Counter should display glide 
Slope crystal frequency, +16kHz. 

1. Set MODE switch to COMM XTL. Counter should display COMM 
crystal frequency, +6kHz. 

3. BEARING CHECK (Using IFR Model CS-360 VOR Bearing Standard), 
a Set MODE switch to VOR XTL. 

b Adjust MASTER MOD control to CAL. 
СОГОГ Tone Select .switch to СТЕ 
d. Adjust 9.96kHz and 30Hz VAR level controls full ccw. 
e Set CS-360 controls for RF input and 90° bearings. 
f Connect OUT connector to CS-360 RF input connector. 
g Set VOR BRG switches to 090.0 and TO/FROM switch to TO. 

CS-360 should indicate bearing error of less than 40.19, 
h Set TO/FROM switch to FROM.  CS-360 should indicate bearing 

error of less than, 10.12. 
i. Set MONITOR switch and Counter Mode switch to BRG. MONITOR 

meter needle should deflect to mid-scale 
ј. Set VOR BRG switches to 000.0. 
К. Set CS-360 controls for 09 bearing.  CS-360 sh indi 

bearing error of less than +0.12. hanger аә 



1. Set TO/FROM switch to ТО. С5-360 should indicate bearing 
error ог “less than 20,19, 

m. Disconnect CS-360. 
n. Select each digit of each decade of the VOR BRG switches, 

one decade at a time, and note that the counter display in- 
dicates the bearing selected on the switches. Any switch 
setting greater than 360° is invalid and the display should 
continue to indicate 360.0. 

7-14. FREQUENCY COUNTER. 

a. Set Tone Select switch‘ to CTR IN, 
b. Set Counter Mode switch to Hz. 
c. Connect signal generator to MOD IN/CTR IN connector. 
d Set signal generator output for OdBm. 
e Vary signal generator frequency from 1MHz to 10MHz. Test 

set frequency counter should display signal generator freq- 
uency within +0.001%. 

f. Set Counter Mode switch to MHz. 
с. Vary signal generator frequency from 10MHz to 300MHz. Test 

set frequency counter should display signal generator freq- 
uency within +0.001%. 

7-15. POWER METER. 
a. Set MONITOR switch to 1007. 
b. Apply 30 to 50 watts of unmodulated RF power through an 

accurate thruline power meter to the XMTR IN connector. 

с. MONITOR meter indication should correspond to power meter 

indication within +5 watts. 

4. Set MONITOR switch to 107. 
e. Apply 4 to 8 watts of unmodulated RF power through an acc- 

urate thruline power meter to the XMTR IN connector. 

f. MONITOR meter indication should correspond to power meter 

indication within £0.59 watts, 

7-16. BATTERY VOLTAGE AND TIMER. 

a. Set MONITOR switch to BAT. MONITOR meter should indicate 

battery voltage on the 0-30% scale. For fully charged bat- 

teries, the meter should indicate 15V. Below 12V indicates 

discharged batteries. 

b. Press Power switch to BAT position and start a stopwatch 

to check that the battery timer turns the test set off after 

6 to 10 minutes. 

7-17. SPECTRAL PURITY. The spectral purity test is an optional 

procedure which should be performed if repairs or internal adjust- 

ments, other than oscillator frequency adjustments, are made on the 

oscillator, buffer ampli tier or transmitter. ; 

a. Adjust MASTER MOD control full ccw, but not into the CAL 

detent) position. 

bz NU rue attenuator control to -30dBm. 

c. Connect spectrum analyzer to OUT connector. 

d Set Spectrum analyzer controls to 10kHz/div frequency 

span and check that the harmonics over the entire frequency 

range of each band of the test set are greater than 20dB 

below the carrier level. 



же. 

Set spectrum analyzer controls for а 300Hz resolution band- 

width and 10Hz video filter. 
Set MODE switch to VOR XTL (108.000MHz) and check that close- 

in noise is greater than 68dB below the carrier level, beyond 

+20kHz of the carrier frequency. 
Check that broadband noise, beyond +50kHz of the carrier 
frequency, is greater than 70dB below the carrier level. y 
Set MODE switch to G/S XTL (334.7MHz) and check that close-in 
noise is greater than 62dB below the carrier level, beyond 
+20kHz of the center frequency. 
Check that broadband noise, beyond +50kHz of the carrier 
frequency, is greater than 70dB below the carrier level. 

Set MODE switch to VOR VAR. 
Adjust fine VAR FREQ control full ccw into the detent, Phase 

Lock, position and coarse VAR FREQ control for 110.000MHz. 
Check that 25kHz phase lock loop reference frequency noise 
or 10 to 30kHz switching regulator noise is greater than 

55dB below the carrier level. 



7-5. 

7-7. 

7-8. 

1-11: 

PERFORMANCE TEST DATA SHEET 

NAV TONES 

1020Hz MKR 
400Hz MKR 

1300Hz MKR 
3000Hz MKR 
30Hz VAR VOR 

9960Hz VOR 
480Hz VOR Deviation 

90Hz LOC-G/S 

150Hz LOC-G/S 

90/150Hz Phase Shift 

DDM CENTERING 

150Hz LOC Demod 

90Hz LOC Demod 

150Hz G/S Demod 
90Hz G/S Demod 

DISTORTION 
1020Hz Harmonic 

400Hz Harmonic 

1300Hz Harmonic 

3000Hz Harmonic 

30Hz VAR Harmonic 

90Hz Harmonic 

150Hz Harmonic 

PERCENT MODULATION OF TONES 
1020Н2 MKR 
1020Hz VOR 
30Hz VAR VOR 
9960Hz VOR 
90Hz LOC 
150Hz LOC 
1020Hz LOC 
150Hz G/S 
90Hz G/S 
1020Hz COMM 

ATTENUATOR OUTPUT LEVEL 
-30dBm, VOR XTL 
-254Вш, VOR XTL 
-204Вш, VOR XTL 
-154Вш, VOR XTL 
-304Вш, MKR XTL 
-30dBm, LOC XTL 
-30dBm, COMM XTL 
-30dBm, 144.0 MHz 
-30dBm, G/S XTL 
LOC TRANSMITTER 

1010Н?2 1030Hz 
396Hz 404Hz 

1287Hz L313Hz 

2970Hz 3030Hz 
( 30Hz) 
(9960Hz) 

46.1us 50.9us 

(90Hz) 

(150Hz) 

y) 

520mV 580mV 

(+2mV) 

1.040V 1.160V 
(+2mV) 

1% 
1% 
1% 
1% 
0.5% 
075% 
0.5% 

90% 100% 
28% 32% 
28% 32% 
28% 32% 
18% 22% 
18% 22% 
28% 32% 

38% 42% 
38%. 42% 
28% 32% 

- 29.548:  -30,54Вш 
(+0.5dBm) 

(+0.5dBm) 
(+0.5dBm) 

-28dBm -32dBm 

-28dBm -32dBm 
-28dBm -32 dBm 
-28dBm -32 dBm 

-284Вш -Э2аВт 
-15dBm -20dBm 



RF FREQUENCIES 
MKR XTL 
VOR XTL 
LOC XTL 
D S ATL 
COMM XTL 

BEARING CHECK. 
90? TO 
90? FROM 
09 FROM 
0° TO 

FREQUENCY COUNTER. 

Hz - 1 to 10 MHz 

MHz - 10 to 300 MHz 

POWER METER 

30 007 50 watts 

ДАТОГ Š watts 

BATTERY VOLTAGE AND TIMER. 

Voltage 

Timer 

SPECTRAL PURITY. 

Harmonics 

Broadband Noise at +50kHz 

Nonharmonic Spurious Noise 

Close-In Noise at £20kHz;: 

108MHz 

334. 7МН 2 

-0:12 
-0,22 
-0.1° 
-0.1° 

12V 

6min. 

(+3kHz) 

(+5kHz) 
(+5kHz 
(+16kHz) 

l (+6kHz) 
— TAMƏyaIIFKTIT 

тот 
TUE 
40:1 
TOI 

(50.0014) 
(40,001) 

(558) 
(30.58) 

15У 
10 min. 

20dB below 

carrier level 

тоав below 

carrier level 

554В below 

carrier level 

68dB below 

carrier level 

62dB below 

carrier level 
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SECTION VIII 

CALIBRATION PROCEDURES 

8-1. INTRODUCTION. 

8-2. This section presents the complete calibration procedures 

for the NAV-401L Test Set. For locations of test points and comp- 
onents, refer to the schematic diagrams and parts location guide 
АШ pecrion All. 

8-3. To maintain accurate measurements throughout the procedures, 
the test set signal generator output should be accurately tuned. 

The TUNE control should be fine tuned whenever the frequency is 
changed by more than a few megahertz in any band, whenever a diff- 
erent frequency band is selected on the MODE switch, and when the 

attenuator is changed in the output range of -204Вш to -7dBm. 

8-4. CALIBRATION PROCEDURES. 

8-5. POWER SUPPLY VOLTAGES. 

a. Connect voltmeter to terminal 3 of РС-1. 

b. Adjust R210, 11 volt regulator adjustment, on PC-2 to 
obtain a voltmeter indication of 11.00V(+.10V). 

с. Connect voltmeter to terminal F of РС-1. 

d. Adjust R1158, 5 volt regulator adjustment, on 5 Volt Regu- 
lator Board to obtain a voltmeter indication of 5.00V 
(4.90-5.00V). 

е. Connect voltmeter to terminal 2 of РС-1. Voltmeter should 
indicate -6.20V (+.20V). 

8-6. TONES. 
А. 1020Hz, 400Hz, 1300Hz, 3000Hz. 

a. Connect harmonic distortion meter to TP201 on PC-2. See 
figure 12-3 for test point location. 
Set Tone Select switch to 1020. 
Adjust R253, tone oscillator amplitude adjustment, and R273, 
tone oscillator centering adjustment, to obtain minimum 
distortion (1% maximum). 

d. Set Tone Select switch to 400, 1300, and 3000 Hz positions 
and check that distortion for each tone is not more than 1%. 

e. Connect frequency counter to TP201. 
f. Set Tone Select switch to 1020 and adjust R262 on РС-2 

to obtain a counter indication of 1020Hz (+5Н2). 
в. Set Tone Select switch to 400 and adjust R260 оп РС-2 

to obtain a counter indication of 400Hz (+2Hz). 
h. Set Tone Select switch to 1300 and adjust R266 on ВС- 

to obtain a counter indication of 1300Hz (+5Н2). 

1. Set Tone Select switch to 3000 and adjust R264 оп РС-2 
to obtain a counter indication of 3000Hz (+15Hz). 

QUO) 



В. 30Hz Ref, 30Hz VAR, 9082, and 150Hz. 
a. Connect frequency counter to TP501 on PC-5. See figure 

12-6 for test point location. 
b. Counter should indicate frequency of 2.160MHz C2432HZ) . 

If frequency is not far ӨТІ tolerance, the crystal may be 
padded by placing small values of capacitance in parallel 
with the crystal to lower the frequency or the series cap- 
acitor may be increased in value to raise the frequency. 

C. 30Hz Sine and 9960Hz FM Output. 
a. Connect harmonic distortion meter to the 30Hz VAR test 

point, TP403, on PC-4. See figure 12-5 for test point loc- 
ation. 

b. Adjust R489, amplitude, and R492, centering, to obtain min- 
imum distortion (below 0.5%). i 

с. Connect the harmonic distortion meter to the 30Hz Ref test 
POLAT, Le UL 

а. Adjust R406, 30Hz Ref amplitude adjustment, and R409, 30Hz 

Ref centering adjustment, to obtain minimum distortion (less 

than 0:55). 
e. Connect oscilloscope to 9960Hz test point, ТР402, on РС-4. 

f. Adjust R435, 480Hz deviation, full ссу until no frequency 
modulation is evident on the oscilloscope display. 

с. Connect harmonic distortion meter to TP402. 

h. Adjust #4016, 9.96kHz centering, and R451, 9.96kHz amplitude, 
to obtain minimum distortion (below 1.5%). 

i. Connect channel 1 of a dual trace oscilloscope to the 30Hz 

Ref triangle waveform output, pin 6, of Х401. 

j. Use oscilloscope channel 2 to monitor phase lock pulse at 

collector (case) of Q406. 
k. Adjust R437, 9.96kHz frequency adjustment, to position phase 

lock pulse coincident with zero crossing of rising portion 

of 30Hz Ref triangle wave. See figure 8-1. 

1. Connect frequency counter to TP402. Counter should indicate 

frequency of 9960Hz (+1Hz). 

Figure 8-1. Phase Lock Pulse Adjustment 



m. Connect oscilloscope to TP402 and set controls as specified 

in fugure 8-2(A). 

n. Adjust scope trigger and position controls to vertically 

center the display and position the sweep trigger point 

at the left edge of the horizontal centerline as shown in 

figure 8-2(A). 

о. Set oscilloscope controls as specified in figure 8-2(B). 

p. Adjust R435 for a At of 48.5us (+2.4us) using the delayed 

sweep function to expand the display as shown in figure 8-2(В). 

D. 90Н2 and 1502 Tones. 
a. Connect harmonic distortion meter to 90Hz test point, TP301, 

on PC-3. 
b: Adjust R306, 90Н? amplitude adjustment, and R312, 90Hz сеп- 

tering adjustment, to obtain minimum distortion (less than 

0,5%). 
с. Connect harmonic distortion meter to 15082 test point, TP302. 
d. Adjust R344, 150Hz amplitude adjustment, and R347, 15082 

centering adjustment, to obtain minimum distortion (less 

than 0.5%). 

8-7. COUNTER CLOCK OSCILLATOR FREQUENCY. Two methods of calibrating 
the counter oscillator frequency are presented. Perform only the 
procedure which is best suited for the available equipment. 

A. WWV Zero Beat Calibration. 

a. Tune a receiver to NBS station УМУ at 5, 10, or 15MHz. Use 
frequency with best signal strength and most stable output. 

b. Connect one end of a test wire to 100kHz Output, TP107, on 
РС-1. See/figure 12-2 for test point location: 

c. Place free end of test wire near receiver antenna terminals 
so that signal is heard through receiver. 

а. Adjust trimmer capacitor C123 оп РС-1 for a zero beat between 
the 100КН? output and WWV carrier signal. 

B. .Phase Lock Time Base Calibration. 

Set MODE switch to VOR VAR. 

Adjust VAR FREQ fine adjustment control full cew into the 
detent, phase lock, position. 

с. Adjust VAR FREQ coarse adjustment control to phase lock оп 
any frequency except VOR XTAL frequency. 

со 

NOTE 

If the VAR FREQ oscillator is set to the VOR XTAL 
oscillator frequency, interaction between the two 
oscillators could result in calibration error. 

о. Connect frequency counter to OUT connector. 
е. Adjust OUTPUT -dBm level to obtain a stable counter indica- 

tion. 
f. Adjust trimmer capacitor C123 on PC-1 so that the NAV-401L 

counter indication is within 0.0005% of the frequency in- 
dicated on the frequency counter. 

8-3 



ЕМ Deviation; +480(+24)Hz 

SCOPE SETTINGS 

Vertical: 

200mV/Div-Uncal 

Horizontal: 

Main Time Base 

100us/Div 

Trigger: 

Positive Slope 

NOTE 

Accuracy of cal- 

ibration depends 

on oscilloscope 

sweep timing 

accuracy. 

SCOPE SETTINGS 

Vertical: 

200mV/Div-Uncal 

Horizontal: 

Delay Time Base 

lOus/Div 

Trigger: 
Positive Slope 

Figure 8-2.  9960Hz Deviation Adjustment 
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8-8. 
а. 

b. 

оо 

+ 0 

GENERATOR OUTPUT FREQUENCIES. 
Connect voltmeter to collector of Q703 or to FL711. See 

figure 12-12 for parts placement. 

Adjust R746 (Volt Adj) for voltmeter indication of 10.5У, 

пи IV. ; 

NOTE 
Test Set frequency counter time base must be cal- 
ibrated before proceeding. If paragraph 8-7 has 
not been performed prior to this procedure, it should 

be performed now ог an external 400MHz frequency 

counter should be used at the OUT connector. 

Set Counter Mode switch to GEN. 
Set MODE switch to MKR XTL. 
Adjust L710 for most stable oscillator operation. Counter 

should indicate 75.000МН2, +3kHz. 
If frequency is too high, up to 5pf may be added across 
crystal to lower frequency. If frequency is too low, cry- 

stal must be replaced. 
Set MODE switch to VOR XTL. 
Adjust L711 for most stable oscillator operation. Counter 

should indicate 108.000MHz, +5kHz. 

If frequency is too high, up Spf may be added across 

crystal to lower frequency. If frequency is too low, сгу- 

stal must be replaced. 

Set MODE switch to LOC XTL. 

Adjust L714 for most stable oscillator operation. Counter 
should indicate 108.100MHz, +5kHz. 

If frequency is too high, up to 5pf may be added across 

crystal to lower frequency. If frequency 18 000 м носа 
must be replaced. 

Set MODE switch to G/S XTL. 

Adjust L712 for most stable oscillator operation. Counter 
should indicate 334.700МН?, +16kHz. 

NOTE 

Since the signal generator triples the oscillator 

frequency for glide slope operation, the crystal 
for G/S XTL is 111.566MHz. 

Set MODE switch to COMM XTL. 

Adjust L713 for most stable oscillator operation. Counter 
should indicate 126.900MHz, +z6kHz. 

If frequency is too high, up to Spf may be added across 
crystal to lower frequency. If frequency is too low, crystal 
must be replaced. 

Set MODE switch to MKR VAR. 

Adjust VAR FREQ controls full см. 
Adjust L703 for minimum counter indication of 78MHz 
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Adjustment of L703 affects all the VAR bands. 
If 1703 is adjusted 155311 Be necessary to 
adjust all of the other bands. 

Set MODE switch to VOR VAR. 
Adjust L704 for minimum counter indication of 120MHz. 
Set MODE switch to COMM VAR LO. 
Adjust L705 for minimum counter indication of 136MHz. 
Set MODE switch to COMM VAR HI. 
Adjust L706 for minimum counter indication of 158MHz. 
Repeat steps ғ thru х as required to insure that all 
bands are within desired ranges. 

Adjust VAR FREQ controls full ccw but do not set fine 
adjustment control into detent. 

Adjust R745 (Lower Limit) for maximum counter indications 
on each band as noted. 

Band Maximum 

Lower Limit 

MKR VAR 

VOR VAR 

LOC VAR 

G/S VAR 

COMM VAR LO 

COMM VAR HI 

RF OUTPUT LEVEL. 
Set MONITOR switch to RF. 

Adjust TUNE control until TUNE indicator goes off. 

Press Fine Tune switch and adjust TUNE control for minimum 

meter indication. | | 

Adjust R386 (RF Level) to center meter needle in white band 

in center of scale. 

Switch positions on MODE switch and tune transmitter to 

check that meter is centered on each band. 

Set MODE switch to VOR XTL position. Қы 

Adjust MASTER MOD control full ccw, out of detent, position. 

Connect power meter to OUT connector. 

Adjust OUTPUT attenuator to -30dBm. | 

Loosen two set screws in attenuator knob closest То dial. 

Hold dial at -30dBm setting and turn knob until power meter 

1 1 з -30dBm. 

Mi ORC serews.. Dial and output RF level should agree 

from -30dBm to -120dBm. Refer to the Attenuator Correction 

Chart, Section II, for measured frequency response at time 

of manufacture. 



8-10. PERCENT MODULATION OF TONES. Two procedures are presented 

for calibrating the percent modulation of tones. The procedure in 
paragraph 8-11 is the preferred procedure and is the most accurate. 

The alternate procedure in paragraph 8-12 requires an accurate поа- 

ulation meter and is less accurate than the preferred method. 

8-11. Preferred Procedure. 

a. 

be 

с. 

Disconnect P802 from rear of transmitter assembly. See 

figure 12-13 for connector location. 
Connect digital multimeter to SIG GEN DEMOD connector on 

back panel of test set and apply power to the test set. 
Set MODE switch to MKR XTL and record de offset voltage 
indication (approximately 260mV). Define this voltage as 

MKR Vi. 
Set MODE switch to VOR XTL and record de offset voltage 

indication (approximately 260mV). Define this voltage as 

VOR. Vi. 
Set MODE switch to LOC XTL and record dc offset voltage 

indication (approximately 260mV). Define this voltage 

UE LOC Vi, 
Set MODE switch to G/S XTL and record dc offset voltage 
indication (approximately 300mV). Define this voltage as 

GIDE Va. 
Set MODE switch to COMM XTL and record dc offset voltage 
indication (approximately 260mV). Define this voltage as 

COMM Vi. 
Remove power from the test set, connect P802 to transmitter 
assembly, and apply power to the test set. 

MKR Tones. 

Set MODE switch to MKR XTL and Tone Select switch to 1300. 
Adjust MASTER MOD control to CAL and record dc voltage in- 
dication (approximately 4V). Define this voltage as МКЕ 
Vie 

Calculate the ac voltage for 100% modulation by substituting 
recorded values into the following equation. 

Vac for 100% Modulation = MKR Vo - MKR Vi 
1.412 

Adjust MASTER MOD control until ac voltage indication at 
SIG GEN DEMOD connector is equal to the value calculated 
in step c. 

Set MONITOR switch to 100%. 
Adjust R391 (100% Mod) on PC-3 for full scale MONITOR meter 
indication of 100%. 
Multiply the value calculated in step c by 0.30 to obtain 
the ac voltage required for 30% modulation. 
Adjust MASTER MOD control until ac voltage indication at 
SIG GEN DEMOD connector is equal to the voltage calculated 
in step g. 

Set MONITOR switch to 30%. 
Adjust R389 (30% Mod) to obtain full scale MONITOR meter 
indication of 30%. 

8-7 
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Set MASTER MOD control to CAL. 
Multiply the value calculated in Step € BY 9.95 to obtain 
the ас voltage required for 95% modulation and adjust R433 
(MKR) on PC-4 for an ac voltage indication at the SIG GEN 
DEMOD connector equal to the calculated value. 

VOR Tones. 

Set MODE switch to VOR XTL and TONE select switch to CTR IN. 
Adjust MASTER MOD control to CAL and 9.96kHz level control 
full cow, 
Adjust the 30Hz VAR level control full си and record the dc 
voltage indication (approximately 4V) at the SIG GEN DEMOD 
connector. Define this voltage as VOR У, and calculate the 
ac voltage required for 30% modualtion using the following 
equation. 

Vac for 30% Modulation = VOR У; - VOR V, x 0.30 
1.414 

Adjust R431 (30Hz VAR) to obtain an ac voltage indication 

at the SIG GEN DEMOD connector equal to the voltage calculatec 
ји Step с: 

Adjust 30Н? VAR level control full ccw and 9.96kHz level 
control tuliltew: 
Record the ас voltage indication (approximately 4V) at the 

SIG GEN DEMOD connector and define this voltage as VOR V,. 
Calculate the ac voltage required for 30% modulation using 
the equation in step c. 
Adjust R432 (9.96kHz) to obtain an ac voltage indication 

at the SIG GEN DEMOD connector equal to the voltage cal- 

culated in step f. 
Adjust 9.96kHz level control full ccw and set Tone Select 

switch to 1020. 
Record the dc voltage indication (approximately 4V) at the 
SIG GEN DEMOD connector and define this voltage as VOR У,. 

Calculate the ac voltage required for 30% modualtion using 

the equation in step c. 
Adjust R4087 (VOR TONE) to obtain an ac voltage indication 
at SIG GEN DEMOD connector equal to the voltage calculated 

in step i. 
LOC Modulation and Centering. 

Set MODE switch to LOC XTL, and LOC DDM and G/S DDM switches 

БОШОЙ 
Record ас voltage indication (approximately 4У) at the SIG 

GEN DEMOD connector and define this voltage аз ТОСУ,.. 

Calculate the ac voltage required to 20% modulation using 

the following equation. 

Vac for 20% Modulation = LOC ША ع‎ У, x 0.20 

i j 454 (LOC) to obtain 
Set G/S DDM switch to 150 anq adjust R 

an ӨМІ РОНЕ indication equal to the voltage calculated 

in step b. 
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Set G/S DDM switch to 90 and adjust the Localizer Centering 

adjust pot (R4) on the front panel to obtain an ac voltage 

indication at the SIG GEN DEMOD connector equal to the уо11- 

age calculated in step b. 
G/S Modulation and Centering. 

Set MODE switch to G/S XTL, and LOC DDM and G/S DDM switches 
тоо. 
Record ас voltage indication (approximately 4V) at the SIG 

GEN DEMOD connector and define this voltage as G/S V2. Cal- 

culate the ac voltage required for 40% modulation using the 

following equation. 

Vac for 40% Modulation = G/S V2 - G/S Vi x 0.40 

1.414 

Set LOC DDM switch to 150 and adjust R482 (G/S) to obtain 

an ac voltage indication equal to the value calculated in 

step b. 
Set LOC DDM switch to 90 and adjust the Glide Slope Centering 

adjust pot (R6) on the front panel to obtain an ac voltage 
indication at the SIG GEN DEMOD connector equal to the уо11- 

age calculated in step b. 

COMM Modulation. 

Set MODE switch to COMM XTL and Tone Select switch to 1020. 
Record de voltage indication (approximately 4V) at the SIG 
GEN DEMOD connector and define this voltage as COMM V2. 
Calculate the ac voltage required for 30% modulation using 
the following equation. 

Vac for 30% Modulation = COMM V2 - COMM У! x 0.30 

1.414 

Adjust R4010 (Comm) to obtain an ac voltage indication at 

the SIG GEN DEMOD connector equal to the voltage calculated 
in step b. 

Alternate Procedure. 

MKR Tones. 

Set MODE switch to MKR XTL and Tone Select switch to 1300. 
Connect modulation meter to OUT connector. 
Adjust MASTER MOD control to obtain modulation meter indi- 
cation “of "100%. 
Set MONITOR switch to 100%. 

Adjust R391 (100% Mod) on РС-3 to obtain full scale MONITOR 
meter indication of 100%. 
Adjust MASTER MOD control to obtain modulation meter indi- 
cation of 30%. 
Set MONITOR switch to 30% and adjust R389 (30% Mod) to obtain 
full scale MONITOR meter indication of 30%. 
Adjust MASTER MOD control to CAL. 
Adjust R433 (MKR) on PC-4 to obtain modulation meter indica- 
tion of 95%. 
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VOR Tones. 

Set MODE switch to VOR XTL and MASTER MOD control to CAL. 
Adjust 9.96kHz Ref level control full сет and 30Hz VAR level 
control full ст to 30% position. 
iut R431 (30Hz VAR) for modulation meter indication of 

о. 

Adjust 30Hz VAR level control full ссу and 9.96kHz Ref level 
control full cw to 30% position. 
Adjust R432 (9.96kHz) for modulation meter indication of 30%. 
Adjust 9.96kHz level control full ccw. 
Set Tone Select switch to 1020. 

р R4087 (VOR Tone) for modulation meter indication of 
30%. 

LOC Modulation and Centering. 

Delete 90Hz signal Бу setting LOC ГМ switch to O and G/S 
DDM switch to 150. 
Set MODE switch to LOC XTL. 
Connect modulation meter to OUT connector. 

Adjust R454 (LOC) for modulation meter indication of 20%. 
Connect digital voltmeter to SIG GEN DEMOD connector and 

record voltage level. 
Delete 150Hz signal by setting G/S DDM switch to 90. 
Center LOC tones by adjusting Localizer Centering adjust 
pot (R4) on front panel to obtain voltmeter indication equal 
to value recorded in step e (+0.001V). 

G/S Modulation and Centering. 
Delete 90Hz signal by setting G/S DDM switch to O and LOC 
DDM switch to 150. 
Set MODE switch to G/S XTL. 
Connect modulation meter to OUT connector. 

Adjust R482 (G/S) for modulation meter indication of 40%. 

Connect digital voltmeter to SIG GEN DEMOD connector and re- 

cord voltage indication. 

Delete 150Hz signal by setting LOC DDM control to 90. 

Center glide slope tones by adjusting Glide Slope Centering 

adjust pot (R6) on front panel to obtain a voltmeter indi- 

cation equal to that recorded in step e (+0.001V) 

COMM Modulation. 

Set MODE switch to COMM XTL. 

Set Tone Select switch to 1020. I | 

Adjust R4014 (Comm) for modulation meter indication of 30%. 

BEARING CHECK CIRCUIT, 
Set MODE switch to VOR XTL and Tone Select switch to CTR IN. 

Adjust MASTER MOD control to CAL and 30Hz VAR and 9.96kHz 

level controls full ew: 

Adjust TUNE control until TUNE indicator goes off. Press 

fine tune switch and adjust TUNE control for minimum meter 

indication: | 

Connect oscilloscope to SIG GEN DEMOD connector and verify 

output to be a typical VOR signal. 

Set MONITOR switch to BRG. 
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Set Counter Mode switch to ВЕС. 

Set VOR BRG selectors to 090.0 
Set TO/FROM switch to TO. 
Connect digital voltmeter to TP-103 on РС-1. 
Adjust R118 (Freq) for voltmeter indication of 5.5VDC. 

Set Counter Mode switch to any position except BRG and 

allow test set to stabilize for several minutes. 

Adjust Bearing Check Centering control (R8) (screwdriver 

adjust locater near Counter Mode switch) to full cw pos- 

11100. 

Adjust R152 (Trim) to position MONITOR meter needle to right 

edge of scale. 
Adjust Bearing Check Centering control to position MONITOR 

meter needle to center scale. 
Set Counter Mode switch to BRG and allow meter movements 

CONS COD. 

Alternately set TO/FROM switch to the TO and FROM positions 
and adjust R128 (Phase) to obtain same meter indication in 

both positions of TO/FROM switch. 
Adjust R150 (Balance) for center scale meter indication. 

Repeat steps 1 thru q as necessary to obtain center scale 

meter indication. 

NOTE 
If the test set has a bearing error of more than 

0.4 degrees, the above procedure can not be performed 

Once adjusted, the bearing monitor circuit is inten- 

ded to monitor the bearing output and quickly show 

if any deviation from normal operation exists. 

COMM POWER CIRCUIT 
Set MONITOR switch to 1008. 

Apply 30 to 50 watts of unmodulated RF power through an 
accurate thruline power meter to the test set XMTR IN 

connector . 

Adjust R160 (100W) on РС-1 to obtain MONITOR meter ind- 

ication corresponding to power meter indication. 

Set MONITOR switch to 108. 

Apply 4 to 8 watts of unmodulated RF power through ап асс- 
urate thruline power meter to the test set XMTR IN connector. 
Adjust R163 (10W) оп РС-1 to obtain MONITOR meter indication 
corresponding to power meter indication. 

BATTERY CHARGER 
Disconnect red lead from battery and connect a 100оһт 
20 watt resistor. Connect other lead of resistor to droad. 
Apply AC power to the test set. 
Connect DC voltmeter across resistor. 
Adjust R220 (Charge) for 16.1 volts (+.1 volts) across re- 
s j S toma 

Disconnect AC power cord from test set. 
Replace resistor with external power supply (14 to 16 volts). 



Set MONITOR switch to BAT position. 
Adjust R393 (Battery) for MONITOR meter indication of power 

supply voltage on 0-30% scale. 
Press Power switch to BAT position and use stopwatch to 

check that battery timer пес Olli test set after 6 to 10 
minutes. To change battery timer delay, increase values of 
R246 (10 МЕСЯ) or C214 (47uF) on PC-2 for longer delays or 
decrease values for shorted delays 



CALIBRATION DATA SHEET 

POWER SUPPLY VOLTAGES. 
11 Volt Regulator 

5 Volt Regulator 

-6.20 Volt Regulator 

TONES 
A. 1020Hz, 40082, 1300Hz, 3000Hz 

1020Н? Harmonic Distortion 

400Н? Harmonic Distortion 

1300Hz Harmonic Distortion 

3000Hz Harmonic Distortion 

1020Hz Frequency 
400Hz Frequency 

1300Hz Frequency 

3000Hz Frequency 

[OHS Ref, ЗОН? VAR, 90H27 

2.160MHz Oscillator Frequency 

30Hz Sine and 9960Hz FM Output 
30Hz VAR Distortion 

30Hz Ref Distortion 

9960Hz Distortion 

Phase Lock Pulse Adjust 

9960Hz Frequency 

480Hz Deviation At 

YOHZ and 160927 Tones 

90Hz Distortion 

15082 Distortion 

COUNTER CLOCK OSCILLATOR FREQUENCY. 
AT 

Ва 

WWV Zero Beat Calibration 

Zero Beat 

Phase Lock Time Base Calibration 

Output Frequency Discrepency 

GENERATOR OUTPUT FREQUENCIES 
10.5V Adjust 

MKR XTL 

VOR XTL 

BOC XTE 

G/S XTL 

COMM XTL 
MKR VAR Upper Limit 

VOR VAR Upper Limit 

COMM VAR LO Upper Limit 

COMM VAR HI Upper Limit 

MKR VAR HI Lower Limit 

VOR VAR Lower Limit 

LOC VAR Lower Limit 

and 150H2 

10.90V LADY 
4.90V 5.00V 
-6.00V |  -6.40V 

1% 
1% 
1% 
1% 

1015Hz 1025Hz 

398Hz 402Hz 
1295Hz 1305Hz 
2985Hz 3015Hz 

(+432Hz) 

0.5% 
0.5% 
1.5% 
У) 

9959Hz 9960Hz 

46.1us 50.9us 

0.59 
0.5% 

(У) 

0005% 

10.4V 10.6V 

(+3KHz) 

(+5KHz) 
(+5KHz) 
(*16KHz) 
(*6KHz) 

78MHz 

120MHz 

136MHz 

158MHz 

72MHz 

107MHz 

107MHz 



G/S VAR Lower Limit 32 7MHZ 
COMM VAR LO Lower Limit 117MHz 
COMM VAR HI Lower Limit 134MHz 

8-9. RF OUTPUT LEVEL 

RF Level - MONITOR Meter Centering (и) 
Set Dial, - 30dBm Cy) 

8-10. PERCENT MODULATION OF TONES. 

A. MKR Tones 

MONITOR Meter - 1004 (и) 
MONITOR Meter - 30% (и) 
1300Hz Tone По 0950) 

В. VOR TONES 
30Hz VAR (30%) 

9.96KHz (30%) 

1020Hz 30%) 
C. LOC Modulation and Centering сети 

15082 LOC (20%) 
Center LOC (Y) 

D. G/S Modulation and Centering 
150Hz G/S (40%) 
Center G/S (V) 

E. COMM Modulation 

1020Hz Tone (30%) 

8-13. BEARING CHECK CIRCUIT 

Center MONITOR Meter (и) 
TO/FROM Phase (И) 
Balance Meter (У) 

8-14. COMM POWER CIRCUIT 

100 Watt Adjust (Y) 

10 Watt Adjust (У) 

8-15. BATTERY CHARGER 

Battery Charger 16201 nO 2у 

MONITOR Meter Adjust CV) 

Battery Timer 6min. LO” min. 



SECTION ТХ 

Disassembly and Assembly Instructions 

9-1. INTRODUCTION. 

9-2. This section presents instructions for disassembling and 

assembling the NAV-401L test set. The test set should only be dis- 

assembled when repair is proven to be necessary. Disassemble only 

as far as necessary, as indicated by the nature of the problem. 

The order of disassembly and assembly of electronic equipment can 

usually be determined through observation. In addition to assembly 

drawings given to this section, refer to the illustrated parts 

list in Section XIII for detailed assembly of sub-sections. 

9-3. DISASSEMBLY PROCEDURES. 

9-4, CASE REMOVAL. See figure 9-1. 
a. Remove four screws, two each on top and bottom of front 

edge of case located near each lid fastener. 

b. Remove four screws that secure the rear panel rubber feet to 

test set. 

c. Remove test set from front of case. 

9-5. CARD CAGE ASSEMBLY. See figure 9-2. Remove two flat head 

screw securing card cage cover to card cage. 

9-6. 5V REGULATOR BOARD. See figure 9-2. 

a. Remove six screw, three at rear and front of left side panel. 

b. Remove four screws securing card cage to top and bottom of 

left panel. 

c. Remove four screws in rectangular pattern of left side frame. 

9-7. PHASE LOCK/POWER MONITOR CHASSIS. See figure 9-3. 
a. Remove three screws in triangular pattern near front of righ 

Side frame. 

b. Remove six screws three each at rear and front of right side 
panel. 

c. Remove two screws securing Attenuator/Power Amplifier assemb 
to right side panel. 

4. Remove two screw holding plug into connector. It may be пес- 

essary to remove the coax from 25dB pad to remove the board 
completely out of test. 

9-8. ATTENUATOR/POWER AMPLIFIER ASSEMBLY. See figure 9-4, 
a. Remove two screws holding plug onto connector on bottom of 

Power Amplifier case and remove plug. 

NOTE 

Before removing attenuator dial, a RF power meter сар- 
able of measuring down to -30dBm should be available 
for resetting the attenuator calibration. Carefully 
removing the dial without rotating the dial or the 
attenuator shaft can result in close calibration after 
reassembly. 

t 
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9-11. 

Loosen two set screws closest to front of attenuator knob. 
Loosen two set screws in generator tuning knob. 
Remove attenuator dial, knob assembly and tuning knob together. 
Remove four #2 flathead screws located on front panel around 
attenuator shaft. 
Remove two #4 flathead screws on right side frome securing 
Power amplifier case to side frame. Remove Attenuator/Power 
Amplifier assembly from side frame. 

COUNTER ASSEMBLY. See figure. 
Remove two knobs from front panel, Display Time control and 
Counter Mode switch, by loosening the set screws. 
Remove the bezel by removing black screws located at each side 
of the lens. 

Remove four flathead screws,two on each side of readout cut- 
out hole, on front panel securing counter assembly. 
Remove plug from side of PC board and remove counter assembly 

from case. 
Remove readouts from counter assembly. 
Remove two screws from the top of counter assembly securing 

high voltage power supply cover. 

Remove four screws from Counter assembly securing the high 

voltage power supply to Counter rails. 

9-10. ASSEMBLY PROCEDURES. 

In general, assembly of any component to the main case frame 
is the reverse order of disassembly. Reference may also be made to 
assembly drawings in the Illustrated Parts list, Section XIII. 

NOTE 

Assembly of the power regulator transistors to the 

side of the card cage frame requires the spreading 

of a film of silicon grease, type General Electric 

G-624 Silicon Dielectric Compound, to both comp- 

onent surfaces. 
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ЗЕСТТОМ Х 

INSPECTION / CHECK 

10-1. INSPECTION. 

10-2. This section provides general instructions for the visual 

inspection and checking of the NAV-401L test set. Care should 

be taken during inspection and cleaning to avoid breaking or short- 

ing component leads. 

10-3. CLEANING. 

10-4. Internal chassis parts and frame should be wiped with a 

lint-free cloth moistened with rubbing alcohol. The front panel 

may also be cleaned with rubbing alcohol. The outside case 

should be cleaned with safety solvent if tar or oil is present, 

or soap and water if grime is present. 

10-5. INSPECTION/CHECK. 

10-6. PROCEDURES. If a failure has occurred, carefull visual 

inspection prior to detailed testing and troubleshooting may re- 

veal the cause. Examine each subassembly, the main chassis, and 
components as indicated in the following steps. 

a. Chassis. Inspect for tightness of subassemblies, 
damaged connectors, and corrision or damage to the 
metal surfaces. Surface corrosion may indicate damage 
inside the affected part. 

b. Capacitors. Inspect for loose mounting, body damage, 
leakage, and corrosion around leads. 

с. Connectors. Inspect all connectors for loose or broken 

parts or wiring, cracked insulation, and bad contacts. 
Do not disassembly the connectors within the test set. 

4. Potentiometers. Any potentiometer that feels rough when 
rotated or produces circuit or voltage irregularities 
should be checked with an ohmmeter for proper operation. 

e. Resistors. Inspect resistors for cracked, broken, char- 
red, or blistered cases and loose or corroded connections. 

f. Printed Circuit Boards. Check connectors for corrosion 

and damage and the mating plugs for similar damage. 
Inspect all mounted components for damage, including 
crystals and IC's. The board should be free of all for- 
eign material. 

g. Semiconductors. Inspect all diodes, rectifiers, and 
transistors for cracked, broken, charred, or distcolored 
cases. 

h. Transformer. Inspect the transformer for signs of 
excessive heating, broken or charred insulation. or 
loose mounting hardware. : 

10-1 



Wiring. Inspect all wiring for broken or loose ends 

and connections, and proper dress relative to other 
chasses parts. All laced wiring should be tight with 
ends securely tied. 



SECTION XI 

SEMICONDUCTOR AND IC GUIDE 

11-1. INTRODUCTION. 

11-2. This section contains information to aid in the trouble- 

shooting and repair of semiconductor and integrated circuit comp- 

onents used in the NAV-401L test set. Paragraph 11-8 contains a 

brief introduction to digital IC's and gives brief descriptions 

of the various IC's used in the test set. The integrated circuits 
are listed in table 11-1 along with the printed circuit boards on 
which they are used. Figure 11-1 shows the pin-out diagrams and 

пгиъйнташтез for the IC's: 

11-3. COMPONENT REPLACEMENT. 

11-4. The following guidelines should be followed when replacing 

components. 

a. Use a low heat soldering iron, 40 watts or less, when 
installing or removing soldered parts. 

b. Always remove power from the test set when working on 
апуно? T Oud 1. 

c. Use small needle-nose pliers to heat-sink the leads of 

a transistor or diode while soldering. 
d. Apply thermal compound to the mica insulators of the 

power transistors when mounting the transistors to the 
chassis. Use an ohmmeter to check for effectiveness of 
the insulation. 

e. Never apply too much heat to the printed circuit board 
paths. If a device cannot be easily removed, cut the 

leads and remove them one at a time. Use desoldering 

wick to remove all solder around leads. Too much heat 

will break down the PC board material and loosen ог ге- 
move paths from the board. 

11-5. SEMICONDUCTORS. 

11-6. A transistor tester should be used to properly evaluate 
transistors. If a tester is not available, an ohmmeter which draws 
less than one milliampere can be used. Many ohmmeters in high input 
impedance multimeters do not draw enough current through the trans- 
istor junction to allow for proper testing. 

11-7. Never remove or replace a semiconductor with the Supply 
voltage applied to the circuit. Transients may damage the semi- 
conductor being replaced or components in the circuit. If а semi- 
conductor is to be evaluated in an external test circuit no more 
voltage should be applied to the semiconductor than is normally 
used in the circuit from which it came. 
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LM305 
MC1027 
MC1666 
MC1692 
CD4011 
CD4040 

DM8880 

SN7400 

SN7420 
SN 74 30 
507473 

507475 
5037490 

507492 

SN74121 

SN72558 

SN72709 

SN72741 

11-8. 

Table 11-1. 

Voltage Regulator 

AC Coupled J-K Flip-Flop 

Dual Clocked R-S Flip-Flop 

Quad Line Receiver 

Quad 2 Input NAND Gate (CMOS) 
12 Stage Ripple-Carry 

Binary Counter/Divider (CMOS) 
High Voltage 7-Segment 

Decoder/Driver 
Quad 2-Input NAND Gate (TTL) 

Dual 4-Input NAND Gate (TTL) 

Single 8-Input NAND Gate (TTL) 
Dual J-K Flip-Flop (TTL) 

4-Bit Bistable Latches (TTL) 

Decade Counter (-2255,0127 =10) 
СЕЛІ?) 

Divide ру:216: "от 12 
Counter (TTL) 
Retriggerable Monostable 
Multivibrators (TTL) 
Dual Operational Amplifier 

Compensated Operational 
Amplifier 

Operational Amplifier 

INTEGRATED CIRCUITS. 

IC Descriptions and Locations 

SV Regulator Board 
Prescaler Board 

Prescaler Board 

Prescaler Board 

30Hz Sine Board 

30Hz Sine Board 

Counter 

Bearing 

Counter 

Bearing 

Bearing 
Bearing 

Counter 

Counter 

Bearing 

Bearing 

Counter 
Bearing 

Bearing 

Bearing 

Assembly 

Logic Board 
Assembly 
Logic Board 

Logic Board 
Logic Board 
Assembly 

Assembly 
Chk Board 
Logic Board 

Assembly 
Logic Board 

Logic Board 

Chk Board 

ЗОН? Sine Board 

ЗОН? Sine Board 

Regulator Timer Board 

Combination Sine Board 
Bearing 

Bearing 

Regulator Timer Board 
Combination Sine Board 

Chk Board 

Chk Board 

ЗОН? Sine Board 
Oscillator Assembly 
Modulator/Power Ampli- 
fier Assembly 

Localizer Assembly 
Phase Lock Pwr Monitor 

11-9. The NAV-401L test set utilizes both linear and digital in- 

tergrated circuits. The digital integrated circuits include tran- 

sistor-transistor logic (TTL), complementary metal-oxide-substrate 

logic (CMOS) and emitter-coupled logic (ECL) devices. 
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11210. ТТІ, ECL, and CMOS devices each use different logic voltage 

levels. The low level, logic zero (0), for TTL devices is less 

than 0.8V and the high level, logic one (1), is more than 240 

ECL devices require less than 3.2V for logic zero level and more 

than 4.15V for logic one level. A + ПУ supply voltage is used for 
the CMOS IC's in the test set. A voltage less than 3V is logic 

zero and greater than 8V is logic one. 

11-11. LM305 Voltage Regulator. The LM309 is an integrated volt- 

age regulator designed for precision analog voltage regulation. 

11-12. MC1027 Flip-Flop. The MC1027 is a high speed, 100MHz, ECL 

J-K flip-flop. The J and K inputs are four input OR gates. 

11-13. MC1666 Flip-Flop. The MC1666 is an ECL dual clocked R-S flip- 

flop which requires а clock input to enable the set-reset inputs. 

The device is used as a high-speed dual storage element. 

11-14. MC1692 Quad Line Receiver. The MC1692 contains four diff- 

erential amplifiers with emitter followers, intended for use in 
sensing differential signals over long lines. 

11-15. CD4011. The CD4011 is а quad two input CMOS NAND gate. А11 
inputs of а NAND gate must be at logic one to obtain a logic zero 

output. 

11-16. CD4040. The CD4040 is a CMOS 12-stage ripple-carry binary 

counter/divider which uses a master-slave flip-flop configuration 

for each stage. The device is used as a :332 frequency divider. 

11-17. SN7400, SN7420, and SN7430 NAND Gates. Three types of TTL 

NAND gates are used; the SN7400 is а quad two-input NAND gate, 
the SN7420 is а dual four-input NAND gate and the SN7430 is an 

eight-input NAND gate. All inputs of а NAND gate must be at logic 
onestosobtain-.a logic zero output. 

11-18. SN7473 Flip-Flop. The SN7473 is a dual J-K master-slave 
flip-flop used for data storage and control. 

11-19. SN7475 Latch. The SN7475 is a quad bistable latch which is 
used as a binary storage element. 

11-20. SN7490 Counter. The SN7490 is a decade divider/counter with 
binary coded decimal (BDC) outputs. Divide by 2 and divide by 5 
functions are also available in the device. 

11-21. 7492 Divider. The SN7492 is a divider which can divide by 
2 uS Or 12. 
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11-22. 5174121. Тһе SN74121 is а monostable multivibrator with 
gated inputs. An external resistor and capacitor are chosen to 
select a pulse width from 40 nanoseconds to 40 seconds. Three in- 
puts provide selective gating. The device is used to widen a narrow 
reset pulse. 

11-23, SN72558. Тһе SN72558 contains two operational amplifiers, 
each electrically similar to the SN72741. The op amps require no 
external frequency compensation. 

11-24, 5М72709. The SN72709 is a high performance 
amplifier having high impedance differential inputs 

ance output. The op amp has provisions for external 

put frequency compensation. 

11-25,  SN72741. Тһе SN72741 is а high performance 

lifier with internal frequency compensation. 

11-26.  DM8880. The DM8880 is a high voltage seven- 

divider designed to decode BCD inputs and drive gas 

segment display tubes. 

11-4 
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Figure 11-1. Integrated Circuit Guide (Sheet 1 of 3) 
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Figure 11-1, "Integrated Circuit Guide (Sheet 2 of 3) 
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Figure 11-1. Integrated Circuit Guide (Sheet 3 of 3) 
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SECTION XII 
TROUBLESHOOTING AND SCHEMATICS 

12-1. INTRODUCTION. 

12-2. This section contains information to aid in isolating and 

repairing some common malfunctions which might occur in the test 

set. Table 12-1 lists all the test points on each printed circuit 

board. The Troubleshooting Chart, table 12-2, is a guide to help 

isolate malfunctions which might occur in each section of the test 

set. 

12-3. The Troubleshooting Chart contains only the most common 
symptoms and probable causes and can not isolate every possible 
malfunction. Schematics are included, starting with figure 12-1, 
to aid in detailed troubleshooting and circuit analysis. The com- 
ponent placement for each printed circuit board is included with 
each schematic. 

12-4. Because of the complexity of the Power Amplifier and Att- 
enuator assemblies, factory assistance should be sought prior to 
attempting any repairs to these assemblies. 

Table 12-1. Printed Circuit Board Test ponpas 

Test Points 

Bearing Check Board, РС-1 

REF 30Hz Sine Output 
180° VAR 30Hz Sine Output 
VOR Demod Output 
9960Hz FM Oscillator Output 
Phase Detector Output 

09 VAR 30Hz Sine Output 
100KHz Clock Output 

Regulator-Timer Board, PC-2 
MKR Tone Oscillator Sine Output 

Combination Sine Board, PC-3 
90Hz Sine Output 

150Hz Sine Output 
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Table 12-1. (cont'd) 

12-2 

30Hz Sine Board, РС-4 
TP401 ЗОН? REF Sine Output 
TP402 9960Hz FM Sine Output 

30Hz VAR Sine Output 

VOR Bearing Logic Board, PC-5 
2.16MHz Oscillator Output 

90Hz Square Wave Output 
150Hz Square Wave Output 
30Hz REF Square Wave Output 
Bearing Pick-Off 
30Hz VAR Square Wave Output 



Table 12-2. TROUBLESHOOTING CHART 

Possible Cause 

Fuse F1101 open. 

CR1101 Bad. 
Short to Ground on 

+11V supply line. 

Q224 open. 

Power Supply No +11V Output in 

AC operation 

No +11V Output in 

Battery operation 

Battery voltage too 
low; low voltage det- 

ector in operation. 

K201 Bad - Coil or 
open contacts. 

Short to ground on 
+11V Supply line 

Q224 open 

+11V Output low High current load on 
+11V supply line. 

Current protect 

circuit in operation 

No +5V Output Check Е1101, CR1101. 
91151 bad 
X1151 bad 
X1152 bad 
No Negative Voltage 
out from 5V Regulator. 
(See No +5V Output) 
Check: CRIIBI.& 1152; 
9213 ореп. 
High current load 
on -6.2V supply. 
Q208 or Q209 bad. 
CR1152 or CR1153 open, 

No -6.2V Output 

1020Hz, 400Hz, 
1300Hz, 3000Hz 
Tone Generator 

No Tone Output X201 or X202 bad. 
9216, 9217, 0214 or 
9215 bad. 
Short on output line 
to GND. 

Frequencies not X201 or x202 Bad proper (Check for offset 
output voltage level) 
Q216,.Q217, 0214 or 
Q215 not Saturating 
completely, 
C209 Bad 
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Table 12-2. (cont'd) 

Distortion on output 
frequency 

Possible Cause 

Check triangular wave 

at при to R270 

(ЕНИ 1%). 
One of the stages of 

the synthesizer is 

bad. Check for уо11- 
ages indicated on 

schematic. 

Check for DC level on 

output of synthesizer 
BO Be ооу 

VOR BRG Generator 

90Hz and 150Hz tones Check frequency at 

155017 Should be 2.16 

МЕКЕ 02%. If not: 
Check 7501 

Check X505 

Output 30Hz Ref ог 
30Hz VAR not at cor- 

rect frequency 

Division of X511 

Шэ12 21519, X518, 

ПОН XolO wrong. 
Check X511 

3OHz REF 

ЗОН? VAR Division of X508, 
(21211506: or 
control X509, X510 or 
X520 bad. 

Reset in 30Hz REF 

counter inop. 

О, X513, or 
Xoll bad. 

3OHz REF output at 

TP504 not symetrical 

X504 bad 

X509 or X520 раа 

X510 bad 

X505 bad 

No 30Hz VAR Signal 

bad 

bad 

X505 
X504 

No 30Hz VAR sig at 0° 
Switch setting 

Check diodes CR501 

thru CR512. Isolate 

which line. 

Bearing Switches 

select incorrect 

headings. 
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тарле 12-2. (cont'd) 

Possible Cause 

(1,2,4 Ог В ts 
causing the wrong 

bearing 

X504 bad 

X515 Bad - Check for 

division by 12. 
Input to X515 wrong 
Check freq at ТР501 
and Х511, X514, 
X519, X518, X510 

90Hz frequency 
Wrong 

X503 or X502 bad 

X501 bad 
Input to X503 wrong 

15082 Frequency 
Wrong 

No Phase shift 

between 90Hz and 150 

Hz signals 

X501 bad 
S9 input broken 

30Hz VAR system 1пор- 
erative 

30Hz REF and 30Hz 

VAR Sine Output. 
No 30Hz Sine Output Check for square wave 

input at PC4-4, 

Q401, Q402, or Q403 
bad. 

X401 bad. 
Short to GND on out- 
put of synthesizer. 

NOTE: The 30Hz REF 

and 30Hz VAR synthe- 

sizers are identical. 

Possible causes are 

given for REF sec- 
tion only. Refer to 

the corresponding 
component if pro- 

blems occur in the 

30Hz VAR section. 

Distortion on 30Hz 

Sine wave. 

X401 not centered. 
X401 bad. 
One of the stages of 
Synthesizer bad. 
Check voltages 
according to schematic 

No 9960HZ Output Х405, Х406, or Х407 
Daos 
Q409 and Q410 bad. 
Q409 or Q410 have 
poor saturation 
characteristic. 

Q408 bad. 
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Table 12-2. (cont'd) 

9960 at wrong freq- 
uency 

Possible Cause 

Check Operation of 

Q409, Q410, X405, 
X406 or X407. 

No 9960Н? Phase lock Check CR458 

Q404 or Q405 Bad. 
9406, 9407 Bad. 
X403 ог X404 Bad. 

Check CR454-CR457 

No FM modulation of 

9960Hz signal 
ЗОН? REF sine output 

inop. 

X405A bad. Check off- 
set voltage. CR417, 

CR418, or CR419 bad. 
Q401 bad. Check R434 

and R435 value. 

FM deviation improper 

Distortion on 9960Hz 

sine output 

X406 output wrong. 

Check P-P amplitude 

on pin 1 of X406. 

Check offset voltage. 

Heavy load at output. 
Check sine synthe- 
Sizer. то.5У supply 
Lot proper. 

90Hz and 150Hz Sine 

Output 

No 90Hz square wave 
input. 

No 90Hz Output 

9308 bad, 

NOTE: The 90Hz and 13030г 9305 bad. 

150Hz Sine Generators X305 bad. 

are identical. 2303 bad. 

Causes are given for 
the 90Hz system only. 

X305 bad. 
One stage of sine 

synthesizer bad. 
Centering to X305 
wrong. Check R312. 

Distortion on 90Hz 

output 
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Table 12-2. (cont'd) 

E Y 

put. 

1020, 400, 1300, 

3000Hz tones 

Possible Cause 

X307 рад. 
R6 input broken. 

X308 bad. 
ВА input broken. 

No LOC 90Hz sine 

output 

X309 Bad. No LOC and G/S 150Hz 

None of the tones 

present at NAV 
Tone output jack 

J1101 

Q307, Q301, or Q302 

Short to ground at 

output jack. 

X301 bad or broken 

connection. 

Tones present on 

Signal Generator 

Demod jack, J1104, 
but not on NAV tones 
out, 411044 

No tones out Check wiring to S7a 
(tone output) or S7B 
(tone select) 
X402 Bad 

VOR tones No tones out No 5.5V to center 

of R2 and а. 

No ident tone on X402 bad 

VOR signal Ident tone Generator 
inop 

LOC Tones No LOC tone X402 Bad 
to Ident tone 

G/S Tones No G/S tone X407 bad 
COMM Tones No COMM tone X402 bad 

Check wiring on Mode 
Switch. 

Counter Clock Озс- 

illator Frequency 
No 100 kHz output to Oscillator 1 = 
Counter board Зэн Check Oscillator at 

collector of Q106 
Х110 or Х111 раз 
9107 ог 0108 bad 
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Table 12-2. (cont d) 

Oscillator inoper- 
ative 

Possible Cause 

Q105 or Q106 bad 
Тој crystal bad 

Check 7101. 
9105 or 9106 bad 
C125 

Frequency will not 
zero to ехастіу220 
MHz 

Marker XTAL off 

frequency 
7704 bad 
L710 needs adjustment 
Q709 bad 

Generator Output 

Frequencies 

7704 bad 
Q709 bad 

No MKR output on 
XTAL 

Y 705 bad 
L711 needs adjustment 
Q710 bad 

VOR XTAL off freq- 

uency 

Y705 bad 
Q710 bad 

No VOR output on 

XTAL 

Y703 bad 
L714 needs adjustment 
Q708 bad 

ТОС XTAL off freq- 

uency 

Ү703 bad 
Q708 bad 

No LOC output on 

XTAL 

Y701 bad 

L712 needs adjustment 
Q706 bad 

G/S XTAL off freq- 
uency. 

“ob pad No G/S output on 
Q706 bad XTAL 

1102 bad 

L713 needs adjustment 
Q707 bad 

COMM XTAL off freq- 

‚ чепсу 

Y702 bad 
Q707 bad 

No COMM output on 

XTAL 

Low limit pot R745 

should be reset 

CR705 bad 

None of the frequency 

modes extends low 
enough in frequency 



Table 12-2. (cont'd) 

None of the frequency] Follow the procedure 
modes extend high as described in 
enough in frequency the Calibration 

Procedures, paragraph 

8-8. 

VOR, LOC, G/S VAR Adjust L705 and low 
band does not have frequency pot R745 as 
broad enough freq- required. 
uency range 

MKR, VAR band does Adjust L703 and low 
not have broad frequency pot R745 as 
enough frequency required. 
range. 

LO COMM band needs Adjust L705 and low 
more frequency frequency pot R745 
range. as required. 

HI COMM band needs Adjust L706 and low 
more frequency range. frequency pot R745 

as required. 

NOTE: Above frequency adjustment affects the other bands so it 
is necessary to check all other VAR bands after every adjust- 
ment. 

No КЕ output al 21102 9704 ог 0705 bad 

FM on RF output 10.5V Regulator bad 
11V Regulator bad 
X701, Q703 or CR712 
Bad. 

Phase Lock Section No Phase Lock No input to Assembly 
4 from Prescaler 
No input to Assembly 
4 from Counter, 

No +11V input from 
512 

Phase Lock difficult 
to achieve 

Q954 or Q955 leaky. 
Q953 bad 
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Table 12-2. (cont'd) 

RF Output Level Low RF output, Check Diodes СЕТ 

thru СВА in Diode pro- 
tect р1оскК. 
Р.А. not properly 

tuned. 
X802 bad. 
Q804. 

NOTE: If X802 is 
defective, the tune 
lamp may not go out. 

Q805 through Q809 is 

bad (depending on 
band used). 

Tune lamp will not Q801, Q802, or Q803 

go off bad 
No RF to XMTR X801 
or X802 bad 

Overmodulation 

Input RF frequency 

out of bandwidth 

of tune frequency 
Мо RE In, 

Check Buffer amp out. 

Tune lamp will not 9801, 9802, 9803 bad 

come on Defective bulb 

Meter does not indi- P.A. not properly 

cate in white band tuned 

on meter R386 needs adjustment 

Percent Modulation No % Modulation Meter | X304 bad 

indication X302 bad 

P.A. not in proper 

tune 

No modulation being 

applied to modulator. 
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Table 12-2. (cont'd) 

Possible Cause 

Input tone distor- 

ted to modulator by 

large amount. 

Check Tone Out. 
One of the the FET 
Switch Q805 thru Q809 
Shorted 

% Mod reads too high 

Input tone to шо4- 

ulator low in level. 

Q805 thru Q809 bad 

X304 bad 

X302 bad 

% Mod reads too low 

100% scale and 30% 
scale do not agree 
together 

R389 or R391 pro- 

bably out of adjust- 
ment 
Q307 bad 
Q302 bad 

LOC and G/S Center- 
ing 

Not able to center 

LOC or G/S 
Amplitude of 90Hz 

Sine output too high 
or low 

Amplitude of 150Hz 

Sine output too 
high or low 

X309 Bad 
LOC X308 bad 

G/S X307 bad. 

No VOR Demod at 

TP103 
X101 or X102 bad 
9960Hz oscillator 
inop. Check: 

Х104 or X105 
9103 or 9104 bad 

Phase Lock loop inop 
Check: 

X102 

9101 
9102 
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Table 12-2. (cont'd) 

了 No 30Hz at ТР101 No 30Hz output at 
TP1OS 

E 

X101 bad 

12-12 

X102 bad 

No O? VAR at 
TP106 

X106 bad 
X101 bad 

No 1809 VAR at 
TP102 

X107 bad 

X106 bad 
CR106-CR109 bad 

No detector voltage 
at TP105 

X109 Bad 
Balance Adjust R150 
Phase Adjust R128 
Or Trim Adjust R152 
Need Resetting, 

No 30Hz VAR Input to 
circuit (РС-1) 

No 9960Hz Input to 

eirenit (PC-1). 
=6. 2V Or +11У not 
present 

Unable to center 

meter 

C403 and C412 bad 

OR leaky 

Х401 and X408 bad. 

Bearing Error 

CR901 bad 
CR902 bad 
Х901 bad 

No power indication 

on meter 

25dB pad damaged. 
CR901 bad. 
R160 and R163 

need adjustment. 

Power meter reading 

low 

C903 bad 

Wiring to 510 open 
Meter does not 

indicate peak power 

readings 



арте 12=2: (cont'd) 

Power meter pegs 

without any input 

Possible Cause 

X901 bad 
CR901 bad 
R905 can be adjusted 

No Prescaler output 

Input to prescaler 
may be shorted 

Power meter reads 

but counter does not 

read frequency 

No count in GEN 

mode 

No prescaler input 

No clock input from 
PC-1 

Counter Operation 

No count in external 

mode 

No input to pre- 

scaler from front 

panel. 

Prescaler defective 

Q1001 or Q1004 bad 

X1008 bad 

No count in bearing 
mode 

Q501 bad 

X504 bad 

X509 bad 

No 30Hz reference 

signal to counter 

No count in either 

generator or exter- 

nal modes 

Time base dividers 
bad. 
Check X622 thru X628 
X624 or X625 bad. 
Check X615 thru X620 
for error. 

Wrong readout for 
known frequency in- 
put 

Check X615 thru х620. 
Problem could be in 
readout circuit. 
Check X609 thru Х614 
Check X603 thru x608 

Wrong count in No 11V at Pin 14 
G/S mode Х601 ог X602 bad. 

Х621 bad. 
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Table 12-2. (cont'd) 

ЕЕ 21 

Possible Cause 

Check the respective 

driver 
X603 thru X608 

bad 

CR603 Bad. 
Q601 Bad. 
Q602 Bad. 

Display time control 
inoperation 

One or more cells of 

the battery bad, 
Q218, Q219, or Q220 

Bad. 

Q223 Regulator bad. 

G@R20 Тот CR208 bad. 

Battery does not 
maintain proper 

charge condition 

Charger not current 

limiting. 

Q218, Q219, or Q220 
bad. 
Check CR205 thru 
CR208. 

Battery overheats 

during charging 

Battery Timer Timer will not K201 bad, 

start пресе СЕ211 thru CR213 
Q205 Bad. 

Battery voltage low. 
CR211 bad. 
ER214 рад. 
Check 0201 thru 0203. 

Timer starts but 

turnsHoff in а 

short time 

Timer will not man- CR213 open 

ually turn off 

Low Voltage Q204 Bad 

Cutoff inop 

Defective bulb No pilot light 
No SV applied to lamp 
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. ALL UP ARROWS АВЕ+ИМ EXCEPT AS NOTE LY. 8. ALL Down ARROWS ARE-6.2V EXCEPT AS NOTES mumr-— — — С ГЗ 5, сн (Б! e мне ЕСЕР IT тий на REET LE Terr | о 2 | 
FIG 12-2 12-19/ 12-20 
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PIN |- Tor 

РС-2 

m TIMER START 

NEG. VOLTAGE IN 

—-G.2V REG. OUT 

TONE OUTPUT 

+V 

SYSTEM GND 

Q224 ВАЗЕ 

Q224 EMITTER 

PWR то +SV REG. BD 

SWITCHED +20VDc 

Q 224 COL., + Им REG, О 

KEY 

TO TONE SW. ARM 

SYSTEM GND 

+ 20VDC FROM RECTIF 

Q223 EMITTER 

Q223 BASE 

Q223 COLLECTOR 

TO ВАТТ. SUPPLY (11.770 14 

TONE SW, 3000 

TONE Sw, 1300 

TONE SW. 1020 

TONE sw, 400 

ALT. CASE STYLE CLOCKING PIN A-BOTTOM an т 

«С (Center pin forward) 
To-18 то-ч8 



SEI: REG, Tusc PORE 

Vea пе 
+11v 

OUTPUT SYST. GND, 

SWITCHED 

eg 
Q204 
2N3415 

Q207 
N N3415 

/ 
CR203 
1N5234 

CR204 
1N5240 
10V 

%20У DC FROM AMPLITUDE ADJ 
RECTIFIER м | R216 R223 

3.9n 
6.8K asks 3 

12 10.7K X 2% 

CR206 
En 

1N4148 

233: Y N 2N5366 2n5195 Í N 2 hr. | 

2 (9) y CR209 
1N5234 

I 
BATTERY | = us I 
SUPPLY et | 

| 1375 | 
Бе кәс Жауды 4 петата —6.2V REG. EN E Î 

] 

у —— 
INPUT 3 

Q212 
2 N3415 

A 
NEG. VOLTAGE IN 
= -11.5У AC OPR. 
= — 8,35V ВАТТ, OPR. 

Q213 
2 N2405 

2 
ЈЕ -в.гу OUTPUT Q223 

NOTE 
ваза: 

1. 4223 4 0224 MTD ON SIDE ( =e 

OF CARD CAGE. 
за 

2. ALL RESISTORS MARKED % ARE 1%. (FRONT) 
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ЗҮГ 
10 18 74 о [reorawn no скт. сно. B| MO 

РС BD 3-09-0290 

c BATTERY TIMER 

CR 213 

1N4148 

TONE SWITCH 
578 

(REAR) goons 

• «2 $ ra | 

! 

| 1020Hz 

ho 

47 pf 9215 
2N 3415 

ТОМЕ SELECT 

57А 
(КЕАК) 

е р! 

TO 30Hz 
SINE ВО. 

РС-4 

日 

TONE OUTPUT 

| — | — [3 09 0422] REGULATOR—TIMER BD 
mem [aeoo] тю | ______оевсатои ______| 

LIST OF MATERIALS 

амы = WICHITA, KANSAS 

REGULATOR—TIMER BD. 
SCHEMATIC 
ВО 

O R264 R266 R272 TP2O1 R253 R22O 

09-0575] 1 [aeu | NEXT Аз5 у тү [MODEL | 

APPLICATION 

F lo. 123 
12:21712-2:2 





G/S AOHZ OUT 

до Hz OUT то CTRING е: 

G/S чо Нт FROM стена ғ 

ао Hz SQ, WAVE IN 

SYSTEM GND 

KEY 

150 Hz SINE WAVE Ou” 

SINE | | SINE | 勾 2CI X302 им 

| жн. SOS LOC зона OUT 

gonz ISOHz +5,5V OUT 

| | ВЕЋ. | ы. “ос FOHZ FROM стена 
| == | | SEs | X302 X304 

| SYSTEM GND 

TO MOD, SIG, AUDIO IN 

Loc £ 3/5 ISoHz OUT 

ISOHZ SQ. WAVE IN 

жим 

-62V 
D 

MASTER MOD, CAL. 5 

MOD, FROM OSC. MODE 12 бі 9 

2 W о м 
TO MASTER MOD, Po 

NAV TONE OUT 
х u 0 

TO SIG. GEN, DEMOD 

100% MOD OUT 

30% MOD. OUT 

Q309 Q309 RF LEVEL OUT 

Q 22) BATT. ADJ. OUT 
хот X308 хъоФ BATT IN (13.75V) 

PIN 1-TOP 
PIN A- BOTTOM ALT. CASE STYLE CLOCKING 

> «C Е (Center pin forward) 
= то-18 то-98 



Р C [COMBINATION SINE BOARD ka us ЭРХ Ë | 3-09-0289 
90Hz SINE СЕМ 

R308 R309 
+11v 47K 47K 

%11У 

R301 R313 
1K 30.9K 

| Q303 AMP CR301 ја 
2 н5366/Т4 R306 У яз К 

| R302 D 10K Боск s€ en Š R310 2.8K C301 7 24K | : 27 pf cw 2 v x 
iR Q 305 X305 j - А кзоз 1 2N3415 SN72741L = 

2.2K 12 一 а 9OHz SQ. mk Ба 
WAVE IN (~ с ЧЭ R304 2701 же 1K = +11V қ Pri 1 R315 

[7s 2N3415 Praes 
+11V +11V 

-6.2у 一 6.2Y 
-»-“--П-Ы------150Н: SINE GEN —————— 

г +11V 

+11V 

SYSTEM GND 
MEE R339 
ut 8 1K 

5 а 304 
252661 

| D 
| 

C307 
27 pf 

а 309 (f^ 
"Ma 2N3415 16 

к 2.2 474 Зэн - 150Hz SQ ag 42. = 
WAVE IN N 5 

SELECTED TONES \YM ber E 
TO MOD SIGNAL FROM OSC. ITONE OUT! 
AUDIO INPUT MODE SW, 1 J1101 | 

NOTE: 
1. ALL UNMARKED DIOD 

2. Ж DENOTES 1% F 

R386 







Ü APP'D 
-27-76] D |REDRAWN No СКТ сно Í [MZ | © 

> 

| CENTERING 
! +11v 

Re ' X307 
2K 5 SN72741L 

1 
у—» G/S 90Hz OUT 

D 
Me LOC. 9OHz OUT 

LOC 90Hz 
CENTERING 

R338 
R 369 100K 1 
1.37K% > | 

> CR331 Ён 150Hz SINE 
š WAVE OUT 

+ | c1 = (e) 
top t 150 Hz 

R373 ۷ 20 TP 302 = : 

254: уос a GS 
= 100кж 150Hz OUT 

+] c312 
10 uf 
20V 

env | 

*11V 
R394 X310 

* SN72741L 

a Is 5 +5.5V OUT 
R395 + 2 я ша Т Б ТТ E 

C315 1 i» ¿+ F 
R392 Е 35v C310 
49.9 K% Ту! 

35у 
cw 

R393 HALF VOLTAGE SOURCE 
ок 9 BATTERY 

: ее а. EE n е Донат ӨР Зар, 

ТО ВАТТЕКУ (+) 

100%» 

| ARE 1N4148 

>. 

FIG 12-4 12-2 3/ 12-24 
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ь 5 О: її 
5 小 3 

(6.96 Kitz) (е) ВА 

О 
<v ро їл 

PIN (-ТОР 
РМА- BOTTOM 

30 Hz REF (мо сомму 
G/S DEV. INPUT 

| B | томе BUFFER IN 

30 Hz REF SQ WAVE IN 

G/S DEV. OUT 

Зонг VAR SINE OUT 

зона VAR SQ WAVE IN 

[=> COMPONENTS то BE " T.V. оқ "s 



вс У ЗОН. SINE BD. 3-05-0654 a КТИ 
e 

RAT 
R4۵2 

| "A 2.402. 8.45 
245545 

144 с.42 
— 

аң, "oe > S Е IOK ы ® A 

2.401 NOVA CRAC 
2.2K 1 (t^ 1014 4 ВАН CR4O2 @ ТҮҮ CR4DL Стас 

зона - (a a АМР. ry лжж 
за WAVE ME 17% кчо МА, CREF) Бран = » 5.2CV| 15.024м| [4.8v 4.58 

IK с 401 G 40.05 хәлі қан. кчт» 
2N3415 2N 3415 ee Банан m 

| = T CENTERING x rn 
| m =) <¢ ® 

R409 

ЖАТА aros 
41 VOR TD 

MODE Sw ХН os 
ЗОН» ле“ (a 

сеча а. 
Э.ӨсКН» KT \ NE De 

MKR TO НУ 
MODE Зам. < каз asoy 5 | 
сом. TO (9 а аз оста N Nd 
MO DE Sw. +332 Ale 

X7 
| R417 
909K 

= 

ZNS- 
XAO04D N y 
CD4ONAE Г) 

R4 54 R457 
SS x IOK 

Ë 

R427 
/OK 

Q4!) 

SA. WAVE 
IN. 5 

+ 2% 

30 Hz VAR 

а/5 DEM (2 € —— —— — 
INPUT 

NETICS" ONLY, 223 Его 

зо нз УАР. Í 

IN VE r= T; 

LAST COMPONENT NOVE: 
NO'S USED 1. AU 

c42\ > Ale 
SMS 3. AL 
941 
R4035 (4— с 
X409 5. VO 

S 

TP402 
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INCORP ecn #564 GLOTT MA] 

INCORP ЕСМ 1441/1444 oO 292 | MH 

ADD NOTE 5 AND VOLTAGES wu) SERA 

7) *5.5v 

A) 30 на. REF. SING OUT 
(мо CONAN.) 

ТР до, 
Зона 

9.96KHz SINE GEN. 

R462 
хлозв Үс 7272 ъъа 

9930 кн. SINE OUT. 

калә 
309K 
~ 

L 

S.SG KHz 

хаовв 
‚72558 TO PIN > то PIN T 

@/s DEV. 
OUT 

UPWARD ARROWS ARE +IIV UNLESS NOTED 

DIODES ARE 14414А 
RESISTORS MARKED + ARE 1%. Y. 
APONENTS TO BE "T.1." OR "SIGNETICS" ONLY 
AGES ON “30Hz VAR. SINE GEN?" AND ә. 9c KHz. 
. GEN! SAME AS “30Hz REF. SINE GEN? 

=> Hz. SINE BOARD 
SCHEMATIC ME AOZAP 

NAV 401 L 

E 12-5 12-85218-86 
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VOR BEARING LOGIC Р.С. 3-0 93-0287 

) 
ar c508 THRU 

<5\5 TPSOI Ме ЇЇ АЛАХ, 35V 

R502 
710 

| : al la 5 ua 5 E s| ! 
1 м а 142551 2. | 514. 4 x512 ІҢ x518 5 O QA SNT Q SN7490 а SN 7490 O (74-9 

» - а. +! жо! oo 
x505 x513 Л o 12] 9 еп vz[ 9] е] и SYSTEM 

GND р YaSNWOO | 5N7420 

GND. FOR. EXT. 
EXT. osc, INPUT 

INPUT 

ТРБО?. ТР5О4 ТРБОФ TPSO3 TPSOI 

HINGED CARD CAGE 

NOTES 8 

у 
2. ALL DICDES TYPE IN270 UNLESS NOTED. 

1 
| 

ТРБО5 

| 
| 

ALL UPWARD ARROWS INDICATE +5 VDC UNLESS NOTED, | 
| 

X520 
SN7473 

з. WIRE ICS ASFOLLOWS + Ar CSV SND 
SN7400 (4- 7 jase 
SN742O 14 7 ATK 
SN7430 14 7 : 

sN7473 4 n 
SN 7490 5 To) 
SN7492 5 10 
ом 74472] 14 2 

4, THIS CAPACITOR мот CEPO ON ALL BOARDS: 24 HOY z | 

то 

COUNTER 

В IG | 

Nw 

2 





па M + +з... 
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nr ол EZ 
u 22720687: NT TP re 



ом FOR 
中 SHIFTING 
ао-'5ом 

е 
зонт 

> REF, 

SN7412)\ 

1 

== = a 

зона 
| VAR 

10 | Сто) 
47400 | 

P 
то Bon VAR. GEN. 

== 

Bonz = 
МАК. -чАМЕКТ. 

(FROM) | 1-09-0581] | [eva | 1 | — [3-00-0427] VOR BEARING LOGIC SCHEMATIC | NEXT ASS'Y MODEL  [irEM [nEa'v] PART NO. DESCRIPTION 

INSTRUMENT FLIGHT RESEARCH CORPORATION 
ЗУ WICHITA, KANSAS 

ПА wert Vor BEARING Loca 
; SCHEMATIC 

Ре 5 МУ Ab 2 МАМ ДО 

pra с | =-оа-2427 [В | 

© 
12-27/12-28 

TOLERANCES 
UNLESS OTHERWISE SPECIFIED 

L DIMENSIONS APPLY AFTER FINI 
DECIMALS: 2 ‚008 
AMOLES: + 1/2" 
FRACTIONS: £ 1/04 rag 
SURFACE ROUGHNESS ИЛТ 
REMOVE ALL BURRS 





5002. 

WARES PLD 

1999: 
AR 

Ë B ERG AAA ES Е. 
ARM ARN — ARM 

Sb! 

PANSICHL LAYOUT 

хета 

e 5Л/7475М 

xe20 
+ SN7430N 

xé > 

e 5М7475М 
TUMPER 0 

EDTIDM DF BOARD 

AMIA 

o [e SN749ON о 

2 2 
Т; 8 = ~ 

5 7 я x М 2 х 
д S ре = N ~ ле, 

5115 Ки за 5 SED ЖЕН OLE NOT Ü 
она е = У) n ON 4O2 NOTE ЈОМ! 

смваво 5 

- š “av 
s ST -6.2V TO GEN. I! 

XCOD > • < Ж $ 2 30 Hz REF. 
x омевво > = 
N Л PRESCALE +10 

Е DIRECT |МРШ 

5 REARING INI 
Ф 

хе! е XGOo2 е Q T 41! У TO BEAR 

SN74Q0 N SNT4 TAN 9 5 lOO KHz INPI 

мама чу NOT OSED 

SYSTEM GNE 

250//66 на P 

+5 Y 
+им ON G/S 
-Ф.2У TO GENE! 

шаа 

000000 

JUMPER AN 
NAV 402 АР ANLX 
NOTE DOTTED LINE 
15 JUMPER ON BOTTOM 
OF BORED ж 



I. ALL SHADED AREAS ALE 
EM FOR МАУ 50/4 AFTER 

SW 1440 асы: 

ЗУЙН COUNTER 5 
MODE SWITCH 

Er = MODI. _5 201 А 
SWITCH С 

12291 yo) ) BOTTOM OF 5.02. PUSH BUTTON O B<; 
Сте DISPLAY BORRO те іва LL 

Ц == © 2 па ra 
=> | 45 IO 15121918 

x603 
DM3880 

| —-@-2V 

| Tuv E 

| жиү то BRG ск چے ھم‎ 

DIRECT INPUT EL 

а | PRE SCALE 4100 ex 

= CHECK 

5201 с 

| PA m UNUS UNS 

= LOCK 

CRoDI 
144148 _ INPUT, 
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[oare ве“ [ — — GANGE | COUNTER DISPLAY PC BOARD. 
эг | А [INCORPECN #1405 эр ^ [Z|] 

— [12272] Б ||NC ECN 19223 MP fir 12451 | 25 tine eon нээ. RR 

псов READOUT!S 

АД o 

ШІ ИШ 
ПИ 

15 141312 // 10 9 B №5 141 3/2 11 19 9 

| AO 2+ AGOS 
| омевво 

| TT: 

sl 4| 9| prn mi 

| AOO жола Ко. 

SN 747 5 SN 7475 13 SN 7475 

ГГ. SIT) EEE 
ама а карай EE EY 

Xx Col © És X017 P Xo 
amm Lodi 

зы 74830 7490 1 SU 7490 su 

TIT [IT 

хо О lo 
омевао 

+5V 

2 
Г E 1 

ee x Та i + ! 4 

-- ! А 

и мэ» | ; 
Аран 5 7 Í 

а 

10 | map ا‎ LA © 10 
үз 274220 E > 9 COMMON Y 7 

2 Сочи hee үрсэн SFERRY READOUT DISPLAY SP-732 | ALL PIM NUMBERS TYP, = | аа 77 ] PER GACH READOUT 
bi ps aq amas ОРЗ kya DD EROS ESE ERT 

(09-о125 | | |ччазАР| | | | [22-0568] Schemare 
[Next ass | ary || море. | тем [nea] PART но. DESCRIPTION 

x 7-324 INSTRUMENT FLIGHT RESEARCH CORPORATION 
WICHITA, KANSAS. 

TITLE 

МАУ 462 АР CAUNTER 
SCHEMATIC, 

МАУ402 AP d NAV 40/L) 

оғ 2. 

Рори 

Ч 225 

EN 
= sn ee | AAA 

FIG 12-7 2-29/12-30 







Ф 

CR 
№4064 | 

„кү, DC 

E 
SIA 
IOV TANT. 

l 

FIG |2-8 







DATE | KEV AAA eee si 1/2, 
294 c рыс ECN #1542 МО KKK ЖО 

ERS 
15248 

+160-\90 VDC 
OUT PUT 

МОРЕ. : 

|, TI IS AN ALADDIN 

TRANS FORMER 2 
P/N 326-0142 REV. А» 

CEEI [Муз 
ТҮЛЕРІ 1 |чъмаоп 1 | 3 ЕС 

arv| mover | тєм| мат PART но. 
| — APPLICATION ANA 

TOLERANCES gern аз INSTRUMENT FLIGHT RESEARCH CORPORATION 

TIT 

WICHITA，KANSAS 
LL DIMENSIONS APPLY AFTER FINIS 
DECIMALS: t .008 

CHECKED DATE 

HIGH VOLTAGE POWER ; . Ma cad qu ANGLES: + 1/2 An 

шээсээ eto SUPPLY SCHEMATIC 
REMOVE ALL BURRS N сор ау? 

MATERIAL 

AS 
 —F wv 

PART NUMBER 

2-09 – ОБОО 
REV 

SHEET | or / 

le -31 /12-32. 
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3 т 
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= 

5 £011 
нэгд i FON 

| L/00/ MC/e2zL 

| 1334 й Хгоог | +5у 

стор! 27024 hib 33PF 

ce/oof 
Ноо; MASTO47 

GENERATOR ns 5 с 
стоје ! 

сё oo? .2018 
С/007- mne 785231 Х/д0/8 - 13 

SPF 2/0/8 K 

T 
7 £7036 

sion 

слогз (/004 Е 
Ри Fai, I. ы 

EXTERNAL Arord 

INPUT 
39 x ̀  

ё/о05 Ф1905 
= 5% hn 243905 

сж/оо7 
МА 47047 

4 

L 

_ сте MODE SW C7014- 11004 
-6.2М0М GENERATOR 6 1000PF 21714 = 

x/008 
54727014 

é 4/008 
pes зада 

X1006 
McCc/027L 

cron 4/007 
2 

SYSTEM GND оста: 

11902. 

EXT /APUT DIRECT OUTPUT X/008 
(то Pin 4) 

ASV 
(ro ^" 2) 

-с. Том GENERATOR 
(ro PE 

Tuv 
(то ew 7) 

= G.INON EXTERNAL 
` (то Рем 7) 

= Lop: +700 PRESCALE OUTPUT 
- о (ro PIN 549) р/001 ` 

BOTTOM VIEW 







INCORP ECN*1397 AND 1421 oÉ má 

та MCI otel мс/еве! BORA 

7.6 Х/оотА х/оо3 6 у SEN 

*5У созо 

1800 En it de | 

“Үй, /5 5 

4 | 
8/016 

/ Shon 

3 х ё 9 

е — 

©/о25 

Бол 21024 2.2K 

21002. сдг& 
т IPF 

— DIRECT OUTPUT 

о cort 

Нет 1800 PF 
105 | £/003 с/0/3 
pig == 224H іре 

В doni 
lo PRESCALE 
> OUTPUT 

гоө-свээ | 1 Forc Ту |) [29-0545 [40L PRESCALER SCHEMATIC 
Next ass'yjary| movet ТЕМ seo] РАТ No DESCRIPTION | 

yas INSTRUMENT FLIGHT RESEARCH CORPORATION уг эл TOLERANCES 
27003 

А Bee ко BATE | ТЕ : 3 706 VIEW жаша тае DES ast gore PRES CALER 
FRACTIONS: t 1/04 129 
SURFACE ROUGHNESS 
REMOVE ALL Филя 

(CIRCUIT BD. ONLY) SCHEMATIC 
1 







T B по 
SHOWN WIRED 
FOR 230VAC 
OPERATION 

AC POWER SUPPLY 
F ПО! 

| 
| 

чо! 
2.2uH Р!О5 

ЧЕ REAL, 
4 слог | сло 一 Test. SHOWN WIRED B 1101 

| -OOIpf ^ —1000v FOR 115 VAC BAT. SUPPLY 
1000V OPERATION II CELLS 

J пог 9103 TON 
Ё E РМА MON! Г516. zm) 
TONE OUT D 1 PEM J 

9101-5 41101-3 JIIOI-4 

МАУ. P WR. MON. 816. GEN. 
TONE OUT DEMOD. DEMOD. 

PIIOS шог 9104 
115/230 TONE GEN 

BIIOI CRIIOI 

BAT. PAK BRIDGE 

TWO TERMINALS 
FORE & AFT THIS SIDE 
OF BAT. CASE; FORE 

15 + (POS) 

— 

P/L 1-09-0396 

OUT 

I : y 

CRIIOI 

BRIDGE 

CIIO3 

T2290» 
40 V 

41101-6 

5Ү5ТЕМ 

GROUND 

9103 

мом 
DEMOD 

FIIOI 

IA SLOW 

BLOW 

RISI == === 

ao H O Û [8 15 ОРЕВАТІС 
3 

СА pa Цоо 
о ТО РС2ЗЕ 

ТО PC2-M 

к 
01101-2 ТО РС2-Р 

< || 

АС PWR SUP. (REAR) 

JUMPER 

AC PWR SUP (INSIDE) 

FIG 1 
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др ФГ мар ње DU 

= es 
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PE 
TI Сй -осәе | 

709-0745 |А/С POWER SUPPLY SCHEMATIC Tev reas рат no DESCRIPTION 

TOLERANCES 
220У. UNLESS OTHERWISE SPECIFIED 

fs ALL DIMENSIONS APPLY AFTER FINISH | CHECKED DATE EN DECIMALS ax. * 010 аза ~ * 005 z E 一 
>| О | ancıes , væ wy 1э- ` 
IE | Fractions + 1/64 —5 
о < | SURFACE ROUGHNESS уу 7 

<T] (АМР FUSE FOR 15У. 1/2 AMP FUSE FOR е 
-IFR INC- 

WICHITA. KANSAS 

AC POWER SUPPLY 
SCHEMATIC 

TITLE 

8 REMOVE ALL BURRS 
Š / , 
2 š MATERIAL 

š SEE DWG 

12-35/12-36 







J703 
RE ouTPVUT 
To BUFFER AMP 

FLIO ки Fei кыз Fug 15 (6 vo) 

FRONT VIEW 

270! 

FINE VAR a 
FREQ. ею 

у 15 

loon 575: смо жЕ 

d LocK «hk а 

| 1 
MAN VAR 

TUNE Low LIM 13 

FREO 
€9 гр TVEN 

(OK 

EJ o LJ 

M ~ 3 
г м | о ч 

~ о ~ 

x г ~ о ~ 
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“74е 
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Z. LS Аз USTED Bv COLE $ # / 
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Ра а | [NCO СОР ҰСЫ 2 

ез: ен و‎ 

х7о/ 

ЗА 7214! 

сели! 
Pc-0600D 

тез 
RF OUTPUT 

4 To PRESCAL 

RF AT 
TO AMP 
3702 

-сомм ка 
yog EXA EAS ESE Tl 

кыла nn En PAS 

ee a Se 
7+5 | £737 R739 
5 E IK ЈЕ IK | 

705 
IZE ooo MHZ lê oa MHZ AAA 

12727 (= $708 orm 
4 243905 0 24/5905 Ч 23905 

си? ens eus. “бо/ си сыз du <723 ста5 C716 |C7z7 
N 314 ЗЭРР | /о”Р .00/ 5 ЗОРЕ | /0PF 
A ЈЕ Hy о 121 - 

< сте pie 
ТОРЕ A738 

759 M: 

те =$ 

HASE LOCK 

BODY OF DWE. 
osos] _ [жо | | овоо | OSCILLATOR A ы | мехт ass v]ory] морг [тем ос part НО 
APPLICATION | 

TOLERANCES 

R PRIOR TO S/N 1311 

E, UPTO S/N 13% ony! 

Ре i-e 
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asis 

TRANS МТ ТЕК, 
1-09 - 0490 

C830 to Р80\-5 

сага b P801-10 GZ 

C828 to РАО-7 
свго to P&DI-6 

C826 to P201-9 
C827 to P80\ 一 & 

C82! to РАМ -4 (SIG. INPUT) 
C836 to РВ01-1 (DEMOD) 

(824 to Р801-М FSV) 
2822 te P801-3 (MOD OUT) 

C823 ta РВОГА2 (“ҮҘ 
саз to PB01-2 (TUNE ғ) 

MODULATE 
ae) 

TRIPLER 1-09-0518 



21 80/ 5 
= | 2550, £925 

„но RF. = +0.24у 10 Г) q^) N 44 
CARRIER LEVEL T5MHz-872V K) 

1801 IIMHz-5.81V | 525 “ь 
22 HH I26NHz-5.08V | “oK ce eere 

144МН>-4,41У 

335MHz-|.BV 

cese 
.00/ 

CARRIER LEVEL 424V 

$38 MHZ ADJ 

MODULATOR - 4 
CHASSIS 3-09-0197c 5 

> T (зү 
FIV sy =-@2v 

1-« 
! 

1811 L8/2 28/3 1.876 28/5 | 

= им 45V SD 22.44 ааа TAH) 214H 1-0 

свъе с вал с828 c829 Y свзо 
со оо! || .00/ | .00/ | -42-12- 

NOTES : 
/ ALL UPWARD ARROWS UNLESS OTHERWISE 
SPECIF/ED Go TO --//У. 

Z. L8/7 -3T OF #24 GAGE TINNED WIRE fg D/A- 
9e" ома TAPPED / 7: FROM GND, АМО 

Fok THE SECONDARY, Y4 T. #24 GAGE TINNED 

WIRE WITH INSULATING SLEEVIA €. 
48/8 -37 OF z+ GAGE TINNED WIRE 9 DIA. 
$$" LONG TAPPED 17,77 FROM GWD. 

9/95 > #26 TINNED WIRED ON 150 DIA. 
THREADED TEFLON FORM TAPPED ST. FROM GND, 
COVERED WITH HEATSHRINK TUBING. 
1820- 87: OF #26 GAGE TINNED WIRE OM./50 DIA 

THREADED TEFLON FORM COVERED WITH HEATSHRINK 

TUBING. 
3. КЗо/, ELEN ADVANCE RELAY # Muzc/20D-24 

VDE, WIRING: 

Ó QN Q = = 

ооо © ? OSC МОРЕ SW SCHEMATIC 

© ооо £ 3-09-0432 
BOTTOM 

4. дас DIODES TO BE /NFIFHE UNLESS OTHERWISE 

SHOWN. 
12 TURNS THRU SN 12510. THEN /BTURNS 50/31] 4 ue 

DATA NOT SHADED EFF SM INI 4 UP, 
&. DATA IN SHADED AREAS EFF. THRU SN /3 ONLY. 







Гн [reef INC ЕСМ 166 ms ТАПАП nev] НИИ 7 
РЕСН* | ЕУ НИ) т ра Ne EEN 157 me RE ШиЦесща [NCORPORATED вен, ur | 

i 
: Н] | Tune (ама fori c һысонғоқатасвсы вэ 3077 YA 

hod D | мемокатер ENHY Ya Ж) 
= С INCORPORATED ECA = ме. (Te | 

кылай == INC: ECN + Ф 123 ys 

сөз! Fame кю # 7 [gg Ни :00/ т аат E ELE БИЙГЕ 

; 
zu ze 
ces 18/9 

ЇЇ» 

c839 /оРК 

LER CHASSIS + ИМ TRANSMITTER CHAS, 09 -05/8 | = /-09-0490А 

CONTROL- 

с 842. FHV FSV -62У 
ISF 20У 

Lg 2309 xW TW. vum зла درا‎ | ASSY тами 22 

-O518 Be: 22рн 

и == ca2 pis Ser эн oo zi | 
w «001 | ЊЕ о || = ow 

TUNE LAMP 

~ ° ~ 
2802. Y ! | 
一 一 一 2855 0656 > ~ = гс ги /8K 280 /-/2 Т 5 и $ šY 

Рво/-+ 801-3 HIV 45V -6.2V SYSTEM 
SIGNAL мое GND 

/801-8 AUDIO 7МРОТ вит 

б) яваг PRINTED CIRCUIT 
“ратор: TUNE CON TEAC 3-09-0297 1-09-0596 
RR | -09-0490 (-09-0585 
moo. our | 1-09-0518 1-09-0597 ` 
P80/-2. P80z TRANSMITTER ASSY 3-09-0430 

SMITTER P/L 1-09-0588 

Р80/-12. 
Ри 

РВо/-// 
+-5у 

NEXT А55 Ү| QT'Y 

/2801- + 
SIG (МРОТ 

TOLERANCES 
UNLESS OTHERWISE SPECIFIED 

L DIMENSIONS APPLY AFTER FINI: 
DECIMALa: t .008 
AMOLES: + 1/2" 
FRACTIONS: + 1/64 
aunrace nouennesa 297 
REMOVE ALL BURRS 

" -2-72 | INSTRUMENT FLIGHT RESEARCH CORPORATION 
аа" MODULATOR, РА. + ATTENUATOR 

SCHEMATIC 
MOD. 4 PA. ASSEMBLY 6 

REAR VIEW 

BOTTOM VIEW 

FIG 12-13 12-41/12-42 







„урњ Loss 

MSO 
F IN 
9M OSC 

21505 ЭР 
245179 = 

SUFFER AMP PC. 

t-04 - 0625 ЖЕ 

NOTES 5 
. HIGHEST NUMBERS USED 一 

Ciso7 1 1502. GI 503 RISIO 

к налы е 0 
FIG 18-16 







17111771 ШИНЖИН me 7: 

41501 

502. 
JO 

 ‎ا
F OUT 

O PRESCALER 
ШЕ 

ODE | 
21502. 

C1504 

“(иг 

ТОР VIEW ОК F.C, BD. 

FIG 12-14 

[58-003] ДЕВА | СГІТІЗ <s SSCS Mexrasevjarv| море. тенеке rant мо обет | TEN MMA eo ДИ DRANM DAVE 
TOLERANCES Oey INSTRUMENT FLIGHT RESEARCH CORPORATION 

UNLESS OTHERWISE SPECIFIED \ um. 74 WICHITA, KANSAS 
LL DIMENSIONS APPLY AFTER Fin’ TT 
DECIMALS: + .008 
ANGLES: + 1/2° | BUFFER AMP 
FRACTIONS: t 1/64 12 APPROVED DATE SCHEMA! 

пета re чер BOR vu 
MATERIAL [NS 1-04- 0034 Ши PART NUMBER 

_ е, uds Li) O ые: 
12-43 / 12-44 

Е € 

? 







TUM 

*/O.33V  $4/0.3V 

АЕ n 

„ме Фа 

| = 40.2 

LOCAL/ZER хмте des 
| РС /-09-OSOSA 

о 

MODULATION 

TOP И 

gorrom VIEW 
”//У 

05с. Coll 

272 0' 

OUTPU E «ВЕТРЕ; 01264 (2N2A\5) 

Aros (127410) 



=> 

|. 





1419148 

DIODE PROTECT 
BLOCK 

SIGNAL AUDIO 
жума 

« 40.2% = 

RF OUTPUT COIL 

у (282. (2N5179) 

LIZA ØRN) 

INPUT 

NOTES 

= 

| ~ | нсоеР EEN 4247 >>> r 

S| с [ci2o5 WAS 100р%, NOW IO p$ MICA“) / ф ДЕНЕ ERE 

А 4.2K RES. МАХ BE PARAUELED 
WITH RA208& (3.3K) IF LOW LEVEL 
RF OUTPUT PROB. EXISTS. 
VALUE EFF PRIOR TO S/N 151 

VALLE. EFF. SN 13m & UP. 

OSA 

| movet темка" part но. | Description | 

TOLERANCES 
UNLESS OTHERWISE SPECIFIED 

№ DIMENSIONS APPLY AFTER ҒЫН! 
DECIMALS: t .008 ) AMOLES: + 172° 

AIZO\ (ZN3905) 
XTL SOCKETS 

(2N5179) 

FIG 12- 15 

е selze] INSTRUMENT FLIGHT RESEARCH CORPORATION 

FOIL LOCALIZER 
XMTR SCHEMATIC 
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ЕМ SUPPEN 

ТОР 

OF SET 

ATTENUATOR 

FREQ, CONTROLS 



| mem үлэ: 

CARD CAGE 

TBO 

BATTERY 

SUPPLY 

O 

NAV TONE 
OU 

3804 (ATTEN. OUTPUT) REAR PANEL 

= 
СОО | ____ | 2508 PAD] 

ı-R905 (ZERO AD).) > \ 

=, 2 = Ат 

тъ ла E PHASE LOC /PWR МОМ. 







ЕРЕН AAA аеро 

PRESCALER 

BEARING 

SWITCHES 

CARD CAGE 

BOTTOM 

увео 

п (221715 8551) т 
АЕ агар n BLOCK 

ef. Дә 
"eol 

: XMTR/MOD, 

PSN 

PART NO. DESCRIPTION 

TOLERANCES 
UNLESS OTHERWISE SPECIFIED 

LL DIMENSIONS APPLY AFTER FINISH] GH D DATE 

RE E E ss MAV-AOVL. 
FRACTIONS: + 1/64 "APPROVED DATE SUS -ASSEMBLY 

зомгсх ROUGHNESS 82 531-73 IDENTIFICATION 

= DINE o 
ES FINISH Miei. RA 







MOTES 5 

| VENDOR FOR FOSEMOLDER SUPPLIES HOLDERZ 

VM ia ROBBER WASHER. 
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ж сет CN, Cl DSLETE Z LIS TORS Y= 

мере см. 2. <<. ж 

25| © [INCORPORATED een #204 350 |м | 

(SEE PAGE 72. 
OF THIS DWE.) 

N 

20 221414 [SPACER 

гэ EN] жа- SAIT “сс МАЉМА А 

[ле | \ |Асс2У| Hose, 2 Из АКАР 

~ Co LOCKWASHEE, INT TOOTH 

“5-32. | сСЕУУ ЕТАР @2° 1/2 

76-32 |sceEvv, ST AR B2° AG 
4-40 EREN, ЕМА ЛАКО. 3/8 семе 

“6-32 | сє ер. HE, 1/4 LONG 

\CINCH- JOMES' TERMINAL STRIP 
-156 ID х.з75 OD X O49 THE 
TYPE А PLAIN SS WASHER 

NT- 859 | NAMONAL' TRAN SFOZLMER_ 

| |1-04-0207 

НЕ elo 8 8 FELH- ele 

> 

m 

(4) 
= \20-5 

1-09-0296] 1 | чАУдосА. [3-07-0336] 
| NEXT ASS'Y| QT'Y TEM |REQ'D] PART НО. | 

APPLICATION 
^ LI 14 TOLERANCES КА D Ф ғ) INSTRUMENT FLIGHT RESEARCH CORPORATION 

WICHITA, KANSAS 
TITLE 

POWER SUPPLY 
Monu де ASSY 

-EXPLODED VIEW 
"MA ERES P/UST 1-09-0396 IEG ART мума ЕХ 

фа c< pec cxi e и Ре. 
FIG 1\3-2 13-3 413-4 

UNLESS OTHERWIBK SPECIFIED 

DECIMALS: t .008 
ANGLES: 2 1/2"~ 
FRACTIONS! t 1/64 увс 
SURFACE ROUGHNESS 
REMOVE ALL BURRS 











NES اب نیت A Fee. 
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FIG 13-39 

(77111771 ШИНЖ T 

12-1 | 2. | “е «oU вее LOG 

KEI ES | | 
[ma | > |__—___||ахоадмаснер eec | sue wimi*iea 
| 16 | |ее-ъг [nexmor 

See, SD nb. VA LONG 
|І2| 1 [2-2 [sceev въ. up 3/8 сома 
ШОО Ae 
ие — 

(га | 2 "MOTOROLA ' TRANSISTOR W/HDWAZE 

ісе) VARS’! FOL WAVE LECT 

(97 | 2 

WE XES E E — T======== | 
next assvfary| over [тесты pant но. 

TOLERANCES NOES INSTRUMENT FLIGHT RESEARCH CORPORATION 
vnLESS omerwise sPECIFigo [Su WICHITA, KANSAS 

L DIMENSIONS APPLY AFTER FINI Tite 
комм х PONER SOPRLY 
FRACTIONS! 2 1/84 128 MOoDULARZ ASS’ 

-EXPLODED View 

APPLICATION 

SURFACE ROUGNRESS 
REMOVE ALL BURRS 

Ге] меме | — [wer 2 or 2 
[3 - 5413-69. 













FIG 13-4 y 

H PEB rev] см 

ASSY PROCEDURE 
l) SOLDER COMPONENTS ON 62) COUNTER READOUT РС. 
S = с SOLDER COMPONENTS ON C 7) ZOO VOLT PW 

РС. BOARD Ч CLEAN. 

WIRE (= SWITCH -9) POT TO C2) PC. BOARD P 
(29 se E SWITCH ¥ C-9) POT IN 2 

USING MOUNTING HARDWARE SHOWN. 

FASTEN (-G) BRACKET то (-4) BRACKET USING MOUNTING, 
= HARDWARE SHOWN. Ie N СОО ES) BRACKETS TO(-2) 

PC. BOARD USING, MOUNTING HARDWARE SHOWN. 

4.) SLIDE (-3) PC, ВОА INTO SLOTS OE (-4 5 C5) MOUNTING 
5 BRACKETS AND SOLDER То (-2) Р.С. BIRD: LL PATHS 

BOTH SIDES. 
(5) INSTALL ei SOCKETS IN(-3) PC. BOARD AND SOLDER. 

CLEAN A R SOLDERING. 

(©) INSTALL (-10) CONNECTOR TO 6-2) P.C. BOARD USING MOUNTING 
HARDWARE SHOWN. SOLDER AND CLEAN. 

(72 

ЕК DWG. 
С- 6) BRACKET 

INSTALL (-7) PC. BOARD_ то СК С) MOUNTING BRACKETS 
USING MOUNTING HARDWARE HOWN. WIRE C- 7) P C, BOARD 
ТО (2) PC. BOARD PER DWG. 3-O9-O5zG. 

(82 INSTALL (-I22)2,READOUTS INC-I) SOCKETS AND SEND ENTIRE 
COUNTER A Ж TO INSPEC ION. 

INSULATOR 

EX PHILLIPS SCREW, PAN HEAD 

INT. TOOTH LOCKVVASHER 

FLAT WASHER | 
`с\мсы” SHELL-NUT 

SPACER ü 
WASHER (SUPPLIED WITH -9 

WASHER(SUPPLIED WITH ~ 

NUT (SUPPLIED WITH -8) 
ОТ (SUPPLIED WITH -9) 

PERRY? READ-OUT 

ж ж 

"| 
3 г 38 à ñ л т 5 > 2 T m > 9 

204 iB- 

2 

> 

fi ВЗ Шин 44:12:21 
m 2 D -732 

` 

100 < POT 
GRIGSBY” SWITCH 

А 200 У. PWR. SUPPLY 

: SWITCH BRACKET 
MOUNTING BRKT. 

iu 
m Й 4 

DIGITAL READOUT РС. ВО. 

TER READOUT РС, BD. 

COUNTER ASSY euer ass'vjar'v| мор: | тем 
APPLICATION [SRA IO MATERIALS Суу у су | 

TOLERANCES INSTRUMENT FLIGHT RESEARCH CORPORATION 
UL ces OTHERWISE SPECIFIES WICHITA, KANSAS 

весла в: 2 .008 COUNTER ASS y 

MECHANICAL DETAILS 

` > = 4 z 

шөккен 2 172° 

тВАСҮҮӨНӨ1 2 1/84 ag 

PHILLIPS SCREW, PAN HEAD 

МР 15 PIN CONNECTOR 

o. DESCRIPTION 
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Za Е RIS ТЕЛ РЕ ка 
= [в |нсоёр вен 2035 555 Въз 

N/S $ NOT SHOWN 

[N/a | \ (1:4-0220| Кмов, INNER (YAR. FREQ.) 

[R75] 1 |-04-0/9 | KNOB, OUTER (VAR. FREQ) _ 
[N/s | ̀ [1-04-0400] (чов, INNER A 

N/s | 1 |-04-0401 | Nog, оотєг. 

1-09-0473 | PRESCALER MTG. BCT. — 50 

E 04-0374 | DUAL KNOB (КЕНО. 

= —. 

47 1-09-0561] COUNTER Assy 

| | [ro*osee| ом. ASSY (ATTEND ̀  

DES 
а CKTIOL | sw. (те/ (FROM) _ 

45 KESISTOR | a x sen 
44 SCREW FT HR А e E 

43 MTG. PLATE, MODE Sw, 

42 sw. (MODE) 

WASHER 

SCREW BD. UD BLACK х ЕГІН 

BEZEL ASS'Y 

CHOKE Z2uH 

TANTALUM САР. D 35V 

RF CONN. | pau so 

TERM. PLATE (Е = (EXT. INPUT) 

мта STUD 
RESISTOR I/A 1% 

TERM. PLATE (XMTR INPUT) 
MOMEN, SW. CTUNE) 
SPST sw, (ФО) 

POT 25K (6/5 & LOC VAR) 
мте. STUD PESE 
POT 2.5K WA ES ESE 

SPIZPOS SW. (MONITOR SW) 

DPCFos SW. (мећим/сте- 1020-400-—-) 

10 Т POT ASSY (VAR. FREQ) | 
GROUND LUG 

WASHER 

нех NUT 

SW. (e/s t Loc) 

GE BULB i 

LIGHT CENS 
LIGHT BASE (Tune + PNR) _ 
SEELE he 

Ey бас OFF- BAT) | 
SW. СРЕАМЛ-ос- ANG) _ 
GROUND LUG 5 

POT бос (CAL) 
DUAL РОТ 1000 (O-10-20-30) _ 
SCREW во. UD. хв/ви. 

ANR METER 
PWR MTE BKT. 

#2-56 | HEX NUT 

[e [#2 | LOCKWASHER, tN T “т. TOOTH 

EN i 

. g - > Е Ё N A 7 п 

ЖЕ 一 | 一 | 一 -|% Nin 

270008 BEARING SW. ASSY | 

Р раа 4 2 : 2: ЕЕЕ 52688 
Ime MISTRUMENT FLIGHT RESEARCH A 

FRONT PANEL 
- MODULAR ASSY- _ _ 
= PED МЕУУ-МАУ 

TOLERANCES 

13- EE 
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