SQUAWK/NAUT I

OVERHAUL MANUAL

O©Kustom Electronics,

USTOM INSTRUMENTS
CHANUTE, KANSAS 66720 P/N 006-0032-00




NOTICE OF OPERATIONAL CHANGE

This unit has been modified to :’u'mclude a 'fransponder P2 on-off
switch. | _ _ |

The IME P2 switch now controls both IME P2 and Transf)onder P2
on-off functidns. |

Service bulletin to follow.



NOTICE OF OPERATIONAL CHANGE

| This wnit has been modified to iﬁclﬁde a lock-unlock indicator
for the frequency synthesizer.. -_ |
then the $ynthesizer comes unlocked the upper 1eft vertical
segment of the left most display digit will light. This 1ight may
come on momentarily when the unit is turned on or when the freqﬁency
of the unit is chaﬁgea. The unit should not be operated if this 1ight
stays on or flickers continuously. -

" Service bulletin td follow.
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. SQUAWK NAUT -

CHECK LIST

4/ /0

A.

B.

Check Regulator Voltages

Date Flaaled 2 i8> 4T

Attenuator S/N

/4] __(ARRA)

Finaled By & 277, (o Lt
Lsolateor S/NV

Check Card Rack Ground Voltage

80 mv max.

Readout Units and Decimal Points

POSITIOSI
XPDR % Return
Af
Squitter Rate

Interro. Rate

- Acc.

Vel.
Test Dist.
Megs. Dist.

Power

UNITS

o\®

MHz

PPS

PPS

- BPS

KTS
NMi

NMi

WTS

. Loading, Clearing and Readout

5. 598X |

D.P

X.XX

XXX.XX

o XXX.XX

Acc. Reg. Loads and displays the v'alue determined by the
F.P. Distance - Velocity - Acceleration Switch upon command of

the F.P. Acc Load Switch

Acc Reg clea.rs to zero upon command of F.P. Acc.

Clear switch

Contents of the Acc. Reg.vare zero upon Power Turn On

. Loading, Clearing and Readout.

Vel. Reg: Loads and displays the value determined by the F.P.
Distance - Velocity - Acceleration switch upon command of the

F.P. Vel. Load Switch



10.

LA

| B. Vel. Reg. Clears to zero ppon command of F.P. Vel. Clear Switch

‘ C. Contents of the Vel. Reg. are zero upon Power Turn On
!

Dist. Reg. Loading, Clearing and Readout

__\_1_ A. Dist. Reg. Load and displays the value determined by the F.P.

i' Distance - Velocity - Acceleration switch upon command of the
| F.P. Dist. Load Switch.
i’ :
{
|

B. Dist. Reg. Clears to zero upon command of F.P. Vel. Clear switch.

’ C. Contents of the Dist. Reg. are zero upon Power turn on. .
5

Acc. Rate Gen.

A. Acc. Rate changes as the contents of the Acc. Reg. changes

L
'7"“ B. With 200 FPS loaded, read 118 PPS.
&

Vel. Rate Gen. X 2

! A. Vel Rate chances as the contents of the Vel. Reg. change
! B. With 2000 kts. loaded, ready, 55 PPS.
Vel. Increase Control 5 =

l f A. Vel. increases to 4000 KTS and halts
{ -

“Vel. Decrease Conti‘ol

__{_;'_ A, Vél’décreases to 0 KTS and halt-s

Vel ARINC P.O. Control

__\__1__ A. Vel increments to 0 KTS, then to larger values
5o B. Contents of the Acc. Reg; ‘clears to zero when Vel reaches- 200 KTS

Negative Acc. Indicator : =

‘ A. DMinus sign appears - to indicate negative Acc when Vel control
{ is placed in decrease position

Distance Iqbound Control

]
| A. Distance decreases to 0 NMi and halts
(!



12.

13.

14,

6

e

Distance Outbound Control

! / A. Distance increases to 399.99 NMi and halts

Distance Auto Control

Direction of distance incrementation reverses at

Sh oA 0N _J1_C. 199.99 NMi ? | E. 399.99 Nl
|7 B. 99.99 NMi — [ D. 299.99 NMi [
Readout : : : : :

]

Measured Dist.

B. Serial Data

€5 Serial ‘Data

A: Mmus sign
position

In

=

dicator U.T. Serial
| A. Clock Freq.
j_ B. Clock Freq.

__,/ C. Clock Freq.

Indicator U.T. Serial

A. Data from DME UT dlsplayed on readout when readout selector is
placed in Meas. Dist. position. ;

C. Rise time is 1-10 usec

Receivers accept as a High Level Voltage a voltac'e

greater than 10V

Receivers accept as a Low Level Voltage a voltage

\ less than 1V

. Negative Velocity Indication

appears when the Direction control is in the Inbound

-

Data Clock Freq. [ian T doZ JQCL‘ 14 (loaLgs.‘c.(cﬁB
is 11+ 0.5 Khz in 11 Khz position |
15Tkl Khz in 7 Khz position
is 15¢ Khz in 15 Khz position

Data Clock Driver Output

| [ A. Low Driver Level is 3% 0.2 Volts 7" {Uj
B. High Driver Level is 7+ 0.2 Volts '

Si=

oY

D. Fall time is 1-10 usec
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18. Indicator U.T. Serial Date Sync. Drjver Output -P\ oy A J
' A. Low Driver Level is 3+ 0,2 Volts

B. High Driver Level is 7+ (.2 Volts

C. Rise time is 1-10 usec

; D. Fall time is 1-10 usec

el R Ee s T e
19. Indicator U.T. Serial Data Driver Output ® .

1 A. Low Driver Level is 3+ 0.2 Volts ‘\>
\

B. High Driver Level is 7+ 0.2 Volts -

C. Rise time is 1-10 usec

D. Fall time is 1-10 usec

i - —
: \ 3 /\/L'z (l
20. Indicator U.T. Flag Alarm Driver Output (P\wv b j <}

Eog. Flag alarm voltage is 1* 0.2 volts when control is placed in

/ - the Flag position and 18.5+ 0.2 volts when returned to normal
: - position.

-

21. Indicator U.T., Distance, Flag and Dash Indications

Indicator U.T. displays same distance as djsplayed by S/N
Readout when in Test Distance position

. Indicator U.T. Blanks or displays a Flag when the Fla'g control
is placed in the Flag position and the S/N readout selector is
in the Test Dist. position

Indicator U.T. displays Dashs when the Dash control is placed '
in the Dash position and the S/N readout selector is in the Test
Dist. position. : 4

22 Analog “P.P.: Control

Lol oin Analog P.P. position on R.F. pulse pair is originated by the
Initial Delay Logic :

B. Repetition rate is 10-15 per sec.



. Analog Pulse Pair Driver Output

1

__A_ A. Low Driver level 3+ 0.2 Volts
!
|

B. High Driver level 7+ 0.2 Volts

@,

Rise Time 3 usec max.
D. Fall Time 7 usec max.

E. .Pul'se duration 4-10 usec

F. A pair of pulses 'appear each’ time 'an RE reply pulse peir
is originated.

G. Spacing between pulses is 50 usec plus the Distance Delay in
\ X-Mode :

. Range Rate Driver Output

E

Low Driver level 3+ 0.2 Volts

High Driver level 7+ 0.2 Volts

Rise Time 3 usec max.

Q

« <Fall Time 7 usec max.

oo
TR T
loe}

g

tr

Pulse duration 4-10 usec

l

o

A pulse appears each time distance delay is changed 0.01 Nmi

—_—

. Interrogation P1-P2 Spacing

P1-P2 Spacing over-ride is not present

,.
P

es)

No reply pulses are present unless Interrogation pulse pair
spacing is 12+ 0.5 usec in X mode and 36+ 0.5 usec in Y mode

C. Acc. Clear causes P1-P2 Spacing Override

|
'l

. DME % Reply

__!__ A. Ratio of replies to interrogations vary in accordance with the
| setting of the DME % Reply control.
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. 27. Suppression Pulse Driver Output

’ [ A. Low level driver output 0 volts

B. High level driver output 18+ 0.2 volts.

C. Driver output goes to the high level 1-5 usec prior to the 10%
level of the first pulse of Replay pulse pair or the Pl pulse of
the XPDR Interrogation

D ri\hrer output returns to 0 volts 8 usec after the 50% point of P2
J / pulse of the reply or 2 usec after the 50% point of the P3 pulse of
the XPDR Interrogation.

28. Squitter Rate LG Ved9
\;![ { W i

_ Lt | A. Squitter Rate varies from 9500+ 250 PPS to less than 800 PPS in
Hi range in both the DME and XPDR Modes.

B. Squitter Rate varies from greater than 800 PPS to less"than 100
PPS in both the DME and XPDR Modes.

. C. Squitter rate accurate to #1 count to +0.5%

| | D. The pulse spacing is random in the DME Mode and regular in
i the XPDR Mode. <

29. Generator Frequency Accuracy

A. Generator vFrequency within +0.001% of assigned frequency.

B. MHz Freq. Select

Gl

1. Gen. Freq. increments in 1 MHz steps as 1 MHz
Freq. Select is incremented

2. Gen. Freq. increments in 10 MHz step's as 10 MHz
Freqg. Select is incremented

3. Gen. Freq. increments in 100 MHz steps as 100 MHz
Freq. Select is incremented :

[ l C. Channel Freq. Select

Gen. Freq. is the assigned frequency for all Channel Freq. Select

. positions



! I D. Remote Freq. Select

Gen. Freq. is the assigned frequency for all Remote Freq. Select
positions

. UNCAL Control AF Control and AF Readout Accuracy

A. In Uncal mode generator frequency variable by means of the AF
Control

2%
!
____\_ B. A F control varies genefaté.z'. frequency at least + 2 MHz from the
assigned frequen.cy. . : : .

| C. AF indicates within +0.01 MHz deviation of the generator frequency

—_—

| from the CAL Frequency

. Generator Frequency Spectrum (DME)

A. Generator frequency spectrum has no discrete spurious out‘puts
at any level greater than 60db below the desired output level
at any frequency up to 1920 MHz.

o

Generator frequency spectrum does not display more than 30
‘KHz P.P. residual FM measured with a 1 KHz bandwidth

‘ i 960 !1 1080 Z/ 1215
\ i = i

C. Generator frequency spectrum at the -60db level is not broader
than 300 KHz measured with a 1 KHz bandwidth

_,_L\'_QSO __{_{_1080 . —{'_[1—1215

D. Generator frequency spectrum does not display more than 50
KHz pulling due to modulation affects

l {960 l } 1080 : 1215
) § %
\ ' \

. R.F. CW Output Level Accuracy (DME)

%

» I -.—-w—.;.»’*‘*l-.___

A. R.F. level does not vary more than 1 db over the frequency

- for all freq. between 962 to 1213 MHz
C. Level variation centered about -10 dbm.
. R.F. level attenuation below the -10 dbm level agrees with the

attenuator dial setting to within + 0.25db or + 0.004 (Dial Setting -
10 db whichever is greater.

D

!
T range of 962 MHz to 1213 MHz
TB R.F. level is -10+ 0.5 dbm at the -10 dbm attenuator settipg



33.

34.

35.

37.

38.

E E. CW level available when the CW output control is placed in the
! ON position and the Mode Select Control is placed in the DME
i mode

Main Rep]y Pulse Level Accuracy

! . Peak amplitude of the main reply pulses is within + 0.1db of the
t { CW output level '

Tacan: Mod. . Control

! A. With Tacan Mod. Control ON, R.F. pulse amphtude is modulated
Ii by a composite 15 Hz and 135 Hz signal
|
{

!

l

B. Each component has a modulation factor of 15% - 25%

|
Video Output Monitor

Echo pulses appear when the Echo Injection control is in the "ON"

[ A
\ position

0 db setting the Echo Pulse Pair Amplitude is w1th1n 0.1db of the
Mam Replay Amplitude.

@]

4 -6db setting the Echo Pulse Pair amplitude is -6# 0.5db below
I the Main Reply Amplitude s

- I

{ D. Echo Pulse Pair occurs at a range of 30 + 1 NMi.in X Mode and
30+ 1 NMi in Y mode

|

|
_i E. Echo Pulse Pair spacing is 12 # 1 usec in X Mode and 30 + 1
5 usec in Y mode

R.F. ON-OFF Ratio

A. RF CW level is at least 80 db below the RF Pulse peak amplitude
between pulse intervals

o

Mode Select Control

o | A. P1-P2 spacing in X position corresponds to X mode
g B. P1-P2 spacing in Y mode corresponds to ¥ mode
‘r C. P1-P2 spacing in the AUTO X-Y Mode corresponds to X Mode
\ when Remote Frequency control is in X Mode or Channel Fre-

quency select is in XXX.X0 or corresponds to Y Mode when
Remote Frequency control is in Y Mode or Channel Frequency
control is in XXX.X35 : -
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‘____[_D.

Es

In A, B, C, D, or A-C positions the XPDR Interro P1-P3
pulse spacing corresponds to that mode

No pulses originated internally in EXT. position

39. P2 Deviation Control

il

I S S S—

A.

o

@,

P1-P2 pulse spacing varies in accordance with the P2 De\natlor1
Control

0 position on the control Pl P2 pulse spacing is 12 # 0.1 usec

in X mode and 30 +.1 usec inyY mode

With control set at + 4 usec the deviation is #4 + 0.3 usec

P2 Pulse is not present when the P2 ON-OFF Control is in
the OFF position

40. Power Readout Accuracy

Power Readout indicates zero power 0.4 usec after removal
of the RF pulses

.. When RF input is decreased by a factor of 10 the Power Readout

indicates a value in the range of (10 0 5% of the prevmus
reading ; 5

Power Readout is accurate to within +0.5db when a 1 KW pulse is
applied over the frequency range of 1025 MHz to 1150 MHz

41. Detected Output Monitor

| a.

I

The detected pulse monitor displays the demodulated envelope
of either the DME Interrogation Pulses or the XPDR Reply pulses

42. Scope Sync. Control

A

With scope Sync. Control in the TO position there is a pulse present
on the scope Sync. Output which is synchronous with the DME Inter-
rogation P1 pulse or the XPDR Interrogation P1 pulse -

In the squitter position the syhc pulse is synchronous with each
DME Squitter Pulse, Reply pulse, Ident Pulse, or the XPDR Inter-
rogation P1 Pulse

In the TD position the sync. pulse is synchronous with the DME
Reply pulse or the XPDR Interrogation P3 pulse.



45.

46.

47.

z 43.

Interrogation Rate Readout Accuracy

| .

i

B

e
o
_I_

5

03]

Q

D

e

1

B.

Interro Rate Readout indicates to within #1 count the true DJME

Interro Rate
. Range Delay Accuracy
vThe Demodulator 50%'Det. is set for 2+ 0.05 esec delay;".‘"
The Modulator 50% Det. is set fo*‘ 2+ 0.05 usec delay . M ;Mo

Zero NMi delay accurate within + 0.04 NMi

Range Delay accurate within #+
zero NDMi delay =

NDMi Control

i
K)\Q\' \'\\AL M[L\I v

0.005 NMi per 100 NMi plus the

A. Range decreases by 1 NMi when the -1 NMi switch is activated

"-1NMi" appears in readout when switch is activated.--

Pulse Priority

B

|
e o
{

Pulses have the following priority:

and squitter pulses

50 usec of the reply pulses

Ident Control and Equalizing Pulse Control

1\ A,

\

i
!

W
{

_l_;_A.

: ' Ha Sf () vyc. out ©
When the Ident. Control 1s Placed in- the Ident.
code KID is generated [/wu er Oteq hundie/ M7.» reh el finuia

ok

Ident pulses, reply pulses,

-

/}; SCO

“Squitter pulses are inhibited so that they do not occur closer than

ouk eon i

position the

Ay

When placed in the Tone position a continuous string of pulses

appear

Repetition rate of the pulses is 1350

“PPS

When the Equalization Pulse control is placed in the ON position

a pulse pair appears 100 *+ 10 usec after each Ident.

pair.

At least a 5 sec interval between Ident Code cycles

. Flag Alarm Level

pulse

When the voltage on Flag Alarm Receiver input is 1.0 volt or

less the Readout Blanks in the Meas.

“Dist:

Mode.

i SR
I e
h

:



49.

50.

ol

52.

93.

54.

95.

Frequency Monitor Output

_j ( A. At the Freq. Monitor output a beat frequency appears which is

; the difference between the Generator frequency + MHz and the DME
Transmitter frequency :

S —

In the XPDR mode the beat frequency is the difference between
the Generator frequency +60 MHz and the XPDR Transmitter
frequency.

td

Calibrate Phase Control and Cal. Oﬁtpll‘lt

I ! A. With the Calibrate Phase Control in the 1.45 usec position there
appears 1.45 usec pulse at the Cal. output

——

Any delay can be overlaid by means of either a rising or falling
edge of the 1.45 usec pulse

(os)

C. A 1.0 usec phase variable pulse appears in the 1.0 usec po;sition

g

XPDR Pulse Level

| A. Peak amplitude of the XPDR Interrogation Pl pulse is within
i

i . ¥0.1 db of the CW output level

__t_

XPDR P2, P3 Suppression Control =

____I_ A. XPDR P2, P3 Pulse level varies with position of XPDR suppression
control

= B. 0db setting, peak amplitude is within +0.1 db of the CW output
level ; :

_1 1 C. At the -6db setting the amplitude is -6:0.3 db below the CW output

; (‘ level
XPDR Pulse Width Control

i A 0O

| A. The XPDR RF Pulse width is +0.025 usec of the setting of the
[ l control

XPDR P2 Deviation Controls

, A. The P1-P2 spacing is within #0.025 usec of the setting of the
| XPDR P2 control :

XPDR P3 Deviation Control and Interrogation Modes

,’ A.  The PIl-PJ spacing'is within $0.025 usec of the setting of the
: { XPDR P3 control



56.

R

's8.

59,

60.

8 us A mode

17 us B mode

21 us C mode

s o9 us Domede

A-C mode there are three A-mode interrogations to one C-mode in-
terrogation )

EXT. mode no XPDR interrogations

| { A. With double interrogation ON-OFF contrel in the ON position
there follows each XPDR Interrogation a second Interrogation

20-25 usec to 250-270 usec after P3

i
|
|| B. Double Interrogation Control varies the delay of these pulses from

XPDR % Return Readout

| A. The ratio of XPDR returns “to Interrogations is accurate to within
£ 5
l { + count

Remote Operation

’ l A. When Frequency Sel. Control is in Remote.the Generator Freq.
is determined by the inputs to the rear connector only

B. When Remote Control is placed in ALL Remote position all
functions listed are controllable from the rear connectors.

XPDR Spectrum

!! A. At RF output, the spectrum is within the following limits:

: Peak at -7db _ »
10MHz at -42db %

+ 20 MHz at -52db
30 MHz at -57db

1+

I+

XPDR Spurious Pulse

' f' A. Video output of XPDR has no detectable pulses at 1150 MHz and at

970 MHz pluse are less than 100m volt



61.

62.

63

XPDR Rise Time

|
{ =@

b~

Regulator Voltage Accuracy

Reo
A28V,
B w6y
C. +10V
D. +5V
E. -5V
F. -10V
G, sg8v
H. +1s-i2v

Environmental Record

15 =% day Burn

2 oo Timen On;Off

Outputﬁ Voltage

} . A. At output of EMI filter, the rise time is 50-100 nsec

B. At output of EMI filter, the fall time is 50-200 nsec

Ripple
Rance 120V 100V @100V
28:0.05V . i / : , |
: A ' ’ i
16+ 0.20V !
H
'+10 + 0.05V ';
+5 + 0.05V ‘; 7
%
-5 + 0.20V |
-10 +0.20V | :
{
-28 + 0.30V \ 4
l
+16 + 2V | :
; = ‘ !
l
Start ‘> —/? - 9
Stop A T
Start . 1 0n%- 02 ¢
Stop R 7
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A eHECK LIST -

With ths Freq. Gen. Chamnelled to 960 Mz the AF VCO VT voltage is
in the range of 0.95 to 1.00 volts.

+AF f = "‘—A.F . ‘/ G

With the Freq. Gen. Channelled to 1230 MHz the AF VCO VT changes by
+0.3+0. Gs volts when the AF VCO AF line 1is shorn,ed and recovers im-
mediztely when the short is rer*oved

The Master VCO RF output is at least +21 dbm and flat to within B over
the frequency range of 960 to 1220 MHz n> 4

: 7 . _ :
¢ Master VCQ VT is in the range of 15 to 17 Volts when the freq. is
G0 Mz : * :

o ‘ 5 : % s .e
With the Master VCO VT shorted to-ground the freq. is less than 900 }Hz

The del“' hetween the 0.5 Amplitude pofnt on the rising edge of the P1
pulsc, as observed at the Video Cutput Monitor, and the falling edge of

‘thc pulsa on the Mod 50% Level Pulse line, G18-34, may be varied by

mcans of the Mod 50% level pot over the range of 2.0+0.2 usec.

The leacs of the AF Osc. transistor, Ql, may be mechanically probed

withcuf causing loss of "Yock." B A

Is the BMI Filter Capacitor correctly installed }_ i

Lock-Unlock Indicator Modification.
':'31' unper left verticul segment of 1cft dwlt should light momentarily
1on Qquunk Naut channoled. |

X a6 O“ YodiFteation

i P2 On-0ff switch also controls Transponder P2 on-off functicn ) [
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Due to the complexity of the SQUAWK/NAUT I, a simple ref-
erence designator has been assigned to each assembly or
major component.
quick cross reference, listing reference designators, KPN of
the schematic, a description for the reference designator
and which section of the manual that item may be found.

LOCATED ON

The following list has been prepared as a

REF. SCHEMATIC P/N DESCRIPTION P/O SECTION
Bl 002-0095-00 POWER SUPPLY F.P.& PWR. SUPPLY
B2 002-0095-01 " " " " "
B3 002-0095-02 " " " " "
cl 002-5053-00 CARD 1 VIDEO

c2 002-5054-00 CARD 2 "

C3 002-5055-00 CARD 3 "

c4 002-5056-00 CARD 4 "

C5 002-5057-00 CARD 5 "

Cé6 002-5058-00 CARD 6 "

c7 002-5059-00 CARD 7 "

c8 002-5060-00 CARD 8 "

C9 002-5061-00 CARD 9 "

Cl0 002-5062-00 CARD 10 "

Cl1 002-5063-00 CARD 11 "

F.P. 002-0094-00 FRONT PANEL F.P.&PWR. SUPPLY
Gl 002-5077-00 LOW FREQ LOOP FREQ. GEN.

G2 002-5082-00 91 MHz, OSC. " "

G3 002-5082-01 89 MHz, OSC. " "

G4 002-5078-00 HIGH LOOP BD. " "

G5 002-5081-00 +/.F VCO " "

G6 002-5081-00 -/\F vCO " "

G7 002-5081-00 MASTER VCO " "

G8 002-5064-00 ISOLATOR R.F.

G9 002-5064-00 ISOLATION LPF "

Gl0 002-5064-00 R.F. MODULATOR "

Gll 002-5064-00 LEVELING LPF "

G12 002-5064~00 LEVELING COUPLER "

Gl3 002-5073-00 SNIFFER "

Gl4 002-5073-00 ATTENUATOR "

G15 002-5073-00 POWER COUPLER "

Gl6 002-5073-00 INPUT PAD "

Gl7 002-5064-00 LEVELING DETECTOR "

G18 002-5076-00 MODULATOR "

G19 002-5080-00 FREQ. MONITOR "

G20 002-5073-00 POWER PAD "

G21 002-5073-00 POWER DETECTOR "

G22 002-5073-00 ULTIMATE LPF "

G23 002-5073-00 DEMODULATOR "

G24 002-5083-00 _F VFO FREQ. GEN.

G25 002-5064-00 EMI FILTER R.F.

Ll 002-5079-00 READOUT DRIVER LOGIC VIDEO

L2 002-5075-00 READOUT CONTROL LOGIC "

L3 002-5074-00 FREQ. CONTROL LOGIC FREQ. GEN.



SECTION |
OPERATIONS INDEX

DESCRIPTION

GENERAL

CONTROLS AND INDICATORS

10.
11.
12.
13.
14,
15.
16.
17.
18.
19.
20.
21.
22.
23.
24
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.

VWONOUAWN -~

REMOTE-LOCAL

TACAN MOD-CW OUTPUT
EQUALIZING PULSE-ANALOG PULSE PAIRS
IDENT

CHANNEL FREQ/MHZ FREQ SELECTOR
SYNC OUTPUT

SERIAL DATA OUTPUT

P2 DEVIATION

SERIAL DATA CLOCK

P2-P3 DEVIATION

PULSE WIDTH

READOUT

DOUBLE INTERROGATION

P2-P3 SUPPRESSION

READOUT SELECTOR

MODE SELECTOR

DISTANCE LOAD

DIRECTION CONTROL
DISTANCE-VELOCITY-ACCELERATION REGISTER LOAD VALUE
VELOCITY LOAD

VELOCITY CONTROL

ACCELERATION LOAD
-INMi/NORMAL

AF

SQUITTER AND INTERROGATION RATE
UNCAL

SCOPE SYNC OUTPUT

ECHO INJECTION SUPPRESSION
VIDEO OUTPUT MONITOR
FREQUENCY MONITOR
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OPERATION

GENERAL

The KUSTOM INSTRUMENTS SQUAWK/NAUT I Test Set is designed
for testing and calibrating DME (Distance Measuring Equipment),
ATC (Air Traffic Control) Transponder aircraft equipment and
ARINC 568 Digital DME Indicators. The system is completely
self-contained, providing all necessary functions.

CONTROLS AND INDICATORS

A front view of the Test Set with controls (numbered) is
shown in Fig. 1.

1. REMOTE-LOCAL

A. FREQUENCY SELECT REMOTE position
Allows the Test Set frequency to be selected
remotely by means of Remote Control Jack, Jl, in-
puts. Remote Frequency Selector inputs are enabled.
Internal Frequency Selector is disabled.

B. LOCAL position
All functions are controllable by the front panel

controls. Remote Frequency Selector inputs are dis-
abled.

C. ALL REMOTE positions
Allows most functions to be remotely controlled.
All appropriate front panel controls are disabled.
See Remote Control Section.

2. TACAN MOD-CW OUTPUT

A. TACAN MOD position
Adds 15 and 135 cycle modulation to the RF Output
to simulate a TACAN station. Reference groups are
not included.

B. OFF position
Permits normal Transponder or non-TACAN DME signal
to be selected.
C. CW OUTPUT position
When in the DME MODE, this position provides a
calibrated CW output at the RF Cutput jack.
3. EQUALIZING PULSE-ANALOG PULSE PAIRS

A. EQUALIZING PULSE ON position
Adds Equalization Pulses to DME Ident Tone/Code.

5. EQUALIZING PULSE OFF position
Removes Equalization Pulses from Ident Tone/Code.
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7.

cC.

ANALOG PULSE PAIR position

Causes DME Reply Pulse Pairs and Analog Distance
Pulse Pairs at a 10-15 PPS rate. Test Set will not
Reply to DME Interrogations in this condition. This
position is useful with Area Nav. equipment, consult
instruction manual. Analog Distance Pulse accurate
in X Mode only. ‘

IDENT
A. TONE position

Enables 1350 Hz. CW tone
B. OFF position

Disables Ident Tone/Code
C. IDENT position

Enables keyed identifier at 5 sec. intervals. Code
is KID.

CHANNEL FREQ/MHZ FREQ SECLECTOR

The right most Selector switch has three positions-
0,5, and MHz. When in the MHz position, MHz Freq.
Selector operation allows the selection of any DME or
Transponder frequency in the range of 960 to 1215

MHz in 1 MHz steps. When in the 0 or 5 position Channel

Freq. Selector operation allows the selection of DME
paired VOR/ILS/VHF channels. The 0 or 5 position
allows the selection of X or Y DME channels. If the
Mode Selector (16) is in the Auto X-Y position the

Test Set pulse coding automatically corresponds to
X or Y.

SYNC OUTPUT

A.

To position

Provides Sync Output at Pl in Transponder Mode
ana the first pulse of DME Interrogation in DME Mode.
If the DME Suppressor Output is applied through the
Remote Control Jack, J3-V, Sync Output occurs at the
leading edge of Suppressor Pulse.

SQUITTER position
Provides Sync Output coherent to DME Squitter and
Reply Pulses.

Td position
Provides Sync Output at P3 in Transponder Mode and
first pulse of the Reply in DME Mode.

SERIAL DATA OUTPUT

Modifies the Serial BCD Distance Data Output used
to drive a remote ARINC 568 Digital DME Indicator.
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10.

ll.

12.

13.

A. DASH position
Generates the No Computed Data indication on the
Serial BCD Distance Data Output to produce "DASH"
readout on a Digital DME Indicator.

B. FLAG position
Causes a Flag to be displayed on a Digital DME
Indicator.

C. NORMAL position
Allows normal operation of Digital DME Indicator.

P2 DEVIATION

A. Outer knob
Permits deviation of DME Pulse Coding by +6 usec.
from nominal X or Y pulse coding.

B. Inner Knob
Removes the DME P2 Pulse in the OFF position.

SERIAL DATA CLOCK
Controls Serial Data Clock Rate to remote Digital
DME Indicator. Rate is controllable from 7 KHz to 15 KHz.:

P2-P3 DEVIATION

A. Inner knob
Permits a +1.2 usec. position change of P3 with
respect to Pl.

B. Outer knob
Permits a +1.2 usec position change of P2 with
respect to Pl.

PULSE WIDTH
Permits the Transponder Interrogation Pulse Width to
be varied over a range of 0.3 usec to 1.5 usec.

READOUT
The Readout displays information as selected by the
READOUT SELECTOR (15).

DOUBLE INTERROGATION
A. Inner knob, ON-OFF
ON position enables the Double Interrogation.

B. Outer knob, Delay
Controls the delay of the second (Double) Trans-
ponder Interrogation as referenced to the P3 pulse
of the first (Initial) Interrogation. The delay is
continuously variable over the range of 25 usec. to
250 usec.
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CAUTION: When the Double Interrogation Delay is less
than 25 usec and the RF Attenuator (38) is set for
high signal levels it is possible for the XPDR Reply
to cause the Test Set Interrogation to become incorrect.

P2-P3 SUPPRESSION

A. Inner knob

Varies the amplitude of the Transponder Interrogation
P3 Pulse with respect to the Pl Pulse from +3 db to -10 db.

B. Outer knob
Varies the amplitude of the Transponder Interrogation
P2 Pulse with respect to the Pl Pulse from +3 db to -10 db.

READOUT SELECTOR

A. XPDR % RETURN position
Readout displays Transponder Returns directly in
percent of Transponder Interrogations.

B. /\ F position
When operating Test Set in UNCAL mode, the Readout
displays the Frequency Deviation with respect to the
selected frequency.

C. SQUITTER RATE position
Readout displays the DME Squitter Rate or the Trans-
ponder Initial Interrogation Rate as selected by
SQUITTER AND INTERROGATION RATE control (25).

D. INTERRO RATE
Readout displays the DME Interrogation Rate.
Can be used to determine Transponder Reply Rate
but may be misleading under short delay Double
Interrogation conditions.

E. ACC position
Readout displays the Test Set Acceleration or
Deceleration in FT./Sec.2

F. VELOCITY position
Readout displays the Test Set Velocity, positive
or negative in Knots.

G. TEST DISTANCE position
Readout displays Test Set Distance in Nautical Miles.

H. MEASURED DISTANCE position

Readout displays the Serial BCD Distance Data
input to the Test Set from the DME U.T.
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lé.

17.

18.

I.

POWER position

Readout displays the DME or Transponder Peak
Pulse Power from 50 watts to 3 kw. When switch
is placed in POWER position the Test Set Distance
and Velocity are zero. Upon completion of Power
measurement, a Velocity or Distance other than
zero must be reprogrammed into the Test Set if
desired.

MODE SELECTOR

A.

EXT position '

Inhibits any pulses of internal orgin. An
external source may generate pulse combinations
other than those generated internally.

A-C position
Automatically interlaces Mode A and Mode C
Transponder Interrogations.

D position
Selects Transponder Mode D Interrogations.

C position
Selects Transponder Mode C Interrogation

B position
Selects Transponder Mode B Interrogations.

A position
Selects Transponder Mode A Interrogations.

X position
DME X Channel pulse coding is selected.

Y position
DME Y Channel Pulse coding is selected.

AUTO X-Y position

DME X or Y channel pulse coding is selected by
the Frequency Selector. MHz Freq Selector operation
causes X Channel pulse coding.

DISTANCE LOAD

Loads the Test Set Distance Register with information

selected by the Register Load Value Control (19).

DIRECTION CONTROL

A'

INBOUND position

Selects Inbound Direction of Distance change. When
Distance reaches zero miles, Velocity and Acceleration
become inoperative and Test Set will remain at zero
NMi. (Negative Velocity)
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19.

20.

21.

B. OUTBOUND position
Selects Outbound Direction of Distance change. Test
Set Distance will stop at 399.99 NMi.
(Positive Velocity)

C. AUTOMATIC position
Allows Test Set to cycle between 0 and 99.99.  If

the Test Set Distance is greater than 99.99 and traveling
outbound when the switch is placed in the AUTO position,
the Test Set will proceed Outbound to the next 100 mile
increment (199.99 or 299.99 NMi.) turn around and proceed
to zero miles. Thereafter, the excursion will be between
0 and 99.99 nautical miles.

DISTANCE-VELOCITY-ACCELERATION REGISTER LOAD VALUE
Used to select Distance of 0-399.99 Nautical Miles
in .01 Nautical Mile increments.

and

selects Velocity of 0-3000 knots in 1 knot increments

and

2

selects Acceleration of 0-399 Ft./sec“. in 1 Ft/secz.

VELOCITY LOAD
ILoads the Test Set Velocity Register with information
selected by the Register Load Value Control (19).

VELOCITY CONTROL

A. INCREASE position
Selects a Velocity Increase should the Test Set be
programmed for an Acceleration Velocity will Increase
to 4000 KTs.

B. DECREASE position
Selects a Velocity Decrease should the Test Set be
programmed for an Acceleration. Velocity will Decrease
to 0 KTs.

C. ARINC PASS-OVER position

This position allows the simulation of a 200 knot
station passover. Select any Distance, such as 50 miles,
and 200 knots Velocity. Place the Velocity Control in
the Decrease position and then in the ARINC PASS-OVER
position. The simulation is initiated by loading an
Acceleration of 338 Ft./sec?. Upon loading the Accelera-
tion the Velocity will decrease from 200 knots to 0 knots
and then increase back to 200 knots in 2 seconds, At this

time the Acceleration Register is reset to 0 FPSQ. This
procedure will accomplish a smooth 400 knot change in
Velocity in a two second interval.
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22.

23.

24.

25.

26.

27.

28.

29.

ACCELERATION LOAD
Loads the Test Set Acceleration Register with information
selected by the Register Load Value Control (19).

-1 NMi/NORMAL

A. NORMAL position
Provides DME Distance as programmed into Distance Register.

B. -1 NMi position
Causes the actual Distance delay to be 1 NMi less than

that programmed into the Test Set or displayed by the
Readout (12).

AF

Permits the Test Set frequency to be varied over a range
of at least +4 MHz from the selected frequency. This control
is only operative when the Test Set is in the UNCAL mode.

SQUITTER AND INTERROGATION RATE

Provides Squitter Rate control in DME Mode and Interrogation
Rate in Transponder Mode.

A. Inner kncb
Selects Hi or Lo Range or "OFF"
Hi Range 1,000 - 10,000 PPS.
Lo Range 100 - 1,000 PPS.

B. Outer knob
Provides continuously variable adjustments of the
Squitter/Interrogation Rate within range selected.

UNCAL ‘
The UNCAL push button allows the frequency to be changed

by the AF control (24). The pushbutton will be lit when the
Test Set is in the UNCAL Mode.

SCOPE SYNC OUTPUT
Provides Scope Sync pulses selected by SYNC OUTPUT switch (6).

ECHO INJECTION SUPPRESSION

A. Outer knob

Controls the level of the DME Echo with respect to
the main pulse level over the range of +1 to -10 db.
Echo Injection is at approximately 30 NMi.

B. Inner knob
OFF position causes removal of Echo pulses.

VIDEO OUTPUT MONITOR

Provides a replica of the detected RF Pulse originating
from the Test Set.

1.7



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

FREQUENCY MONITOR
Beat frequency output derived from a DME or Transponder
pulse and the Test Set Generator Frequency +63 or 60 MHz in

Dme or Transponder Mode respectively. Allows frequency measure-
ments of DME and Transponder pulses by observing zero beat on scope.

CALIBRATE PHASE
A. Inner knob

Selects time marker pulses with 1.0 usec or 1.45 usec
spacing.

B. Outer knob
Varies phase of time marks pulses.

CAL OUTPUT
1.0 usec or 1.45 usec time marker pulse output.

DETECTED PULSE MONITOR
Allows monitoring of DME or Transponder video.

POWER
This combination power switch and indicator applies power

to the Test Set when depressed. Depress button completely a
second time to turn off.

RF OUTPUT
Connects RF signals to DME and ATC equipment

DME % REPLY
Controls Test Set Reply Efficiency. Adjustable from 0%
to 100% in 10% increments.

DISTANCE CLEAR
Resets the Test Set Distance Register to 0 NMi.

ATTENUATOR
The RF Attenuator allows continuously variable signal
levels from -10 dbm to -110 dbm.

VELOCITY CLEAR
Resets the Test Set Velocity Register to 0 Knots.

ACCELERATION CLEAR
Resets the Test Set Acceleration Register to 0 FPS2,
Causes the Test Set pulse decoder to become inoperative
thus allowing the Test Set to Reply to DME Interrogations
which have a pulse coding not in the range of 12+0.5 usec
or 36+0.5 usec.
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OPERATING INSTRUCTIONS

DME

The following procedure is a typical set-up for DME equipment
Reference should be made to the DME manufacturer's instruction

manual covering the particular equipment under test for complete
test procedures. '

A.

B.

C.

D.

Turn on the SQUAWK/NAUT Test Set and allow a 5-10 minute
warmup period.
Connect the DME antenna coax to the SQUAWK/NAUT RF Output
connector (35).
Connect the scope sync cable to the SCOPE SYNC OUTPUT

connector.

(27) .

Set SQUAWK/NAUT controls as listed below, referring to

Fig.

O 0o

10.

11.

12.

13.
14.

POWER (34)
OUTPUT LEVEL (38)
TACAN MOD (2)

REMOTE —LOCAL (1)

CHANNEL FREQ./MHz
FREQUENCY SELECTOR (5)

UNCAL (26)
AF (24)
MODE SELECTOR (16)

READOUT (12) &
READOUT SELECOR (15)

SYNC OUTPUT (6)

SQUITTER AND

INTERROGATION RATE (25)

ECHO INJECTION (28)

IDENT (4)
EQUALIZING PULSE (3)

1.9

1 for location of controls.

"ON" (button 1lit)

-50 dbm

As desired, in either "OFF"
or TACAN MOD. position.

As necessary with equipment
being tested. Refer to Con-
trols and Indicators Section
for detailed description of
function.

Set to desired frequency by
choesing appropriate VOR/
ILS/VHF channels if LOCAL

in (4) above is selected.

Set to CALIBRATE position
(light "OFF").

Not operable.

Place in AUTO X-Y position.
READOUT SELECTOR (15) may be
positioned as necessary to
verify control settings as
they are adjusted (ACC.,
VELOCITY, TEST DISTANCE,
SQUITTER RATE, ETC.)

Set as desired, referring to
Controls and Indicators
Section for detailed descrip-
tion of function.

Inner knob to HI. Outer knob
set to 2700, as read on READOUT
(12) with READOUT SELECTOR
(15) in Squitter Rate position
(2700 pPPS).

Inner knob to "OFF" position.
Outer knob is then inoperative.
OFF position

OFF position



15. P2 DEVIATION (8)

16. DME % REPLY (36)
17. DISTANCE LOAD (17)

18. VELOCITY LOAD (20)

19. ACCELERATION LOAD (22)

1.10

Inner knob to "ON"

position.  Outer knob

to +0.

As desired (70-100%)

Any desired Distance, such
as 050.00 (50NMi.) may be
dialed into Register Load
Value (19) and loaded into
the Distance Register by
pushing DISTANCE LOAD
pushbutton (17). This
distance may be verified

by selecting TEST DISTANCE
position of READOUT SELECTOR
(15) .

Any desired Velocity, such
as 00175 (175 knots) may

be dialed into Register Load
Value (19), and loaded into
the Velocity Register by
pushing VELOCITY LOAD
pushbutton (20). This
VELOCITY may be verified

by selecting VELOCITY
position of READOUT SELECTOR
(15) or TEST DISTANCE
position of READOUT SELECTOR
(15). In VELOCITY position
175 Knots will be displayed,
while in DISTANCE position
the distance will be
changing at 175 Knot rate
either Inbound or Outbound
as determined by DIRECTION
CONTROL (18).

Any desired Acceleration,
such as 00100 (100 Ft./
Sec2) may be dialed into the
Register Load Value (19) and
loaded into the Acceleration
Register by pushing ACCELERA-
TION LOAD pushbutton (22).
This Acceleration may be veri-
fied by selecting ACCELERATION
position of READOUT SELECTOR
(15). Readout will indicate
100 if VELOCITY CONTROL switch
(21) is in INCREASE position
(indicating Acceleration),
or -100 if VELOCITY CONTROL
switch (21) is in DECREASE
position (indicating Decelera-
tion.) :



The effects of Acceleration
may also be observed by
selecting VELOCITY position
of READOUT SELECTOR (15).
VELOCITY will be increasing
or decreasing as determined
by VELOCITY CONTROL switch.
20. -1 NMi/NORMAL (23) "NORMAL" position.

Turn on DME and select channel. DME should lock to Test
Set signal. If the DME does not lock check for the pre-
sence of Test Set Replies by observing the Video Output
Monitor (28)%71place the Sync Output control (6) in the

To position. There should be a Reply present with a rate
equal to the Interrogation rate providing the DME % Reply
Control (36) is set for 100%. If not present check to
determine if Equalizing Pulse/Analog P.P. Control (3) is
in OFF position. Depress the Acceleration Clear push-
button (40) which causes the Test Set Interrogation pulse
decoder to be inoperative. If this causes Replies to
appear the DME U.T. pulse coding is not in the range

of 12+0.5 usec or 36+0.5 usec.

To check power output of DME, set READOUT SELECTOR (15)

to POWER position and read Power in Watts on READOUT (12).
When READOUT SELECTOR switch is in the POWER position the
Test Distance and Velocity are zero. The DME will lock
at 0 NMi. After the Power measurement is completed, it
is necessary to reprogram the Distance, Velocity and Accelera-
tion Registers if non zero values are desired. Power may
be read in the DME track mode as described above or the
DME % Reply (36) may be set to zero and the Power read in
the search mode. Detected RF pulse output may be observed
on a scope by monitoring the DETECTED PULSE MONITOR (33).
To check frequency of DME transmitter.

1. Set READOUT SELECTOR (15) to AF position.

2. Place Test Set frequency in UNCAL condition by pressing
UNCAL button (26) (light will be 1lit in the UNCAL mode).
Adjust AF Control (24) for 0.00 MHz AF as observed
on READOUT (12).

3. Check to determine that the DME is Interrogating the
Test Set.

4. Turn RF ATTENUATOR (38) to =10 dbm. This is necessary
to assure sufficient DME transmitter signal input to
the internal mixer.

5. Connect scope vertical channel to FREQUENCY MONITOR
connector (30) and scope sync to SCOPE SYNC OUTPUT
connector (27). Scope should be adjusted to display
both DME pulses.

6. Set SYNC OUTPUT switch (6) to To.

By varying AF Control (24), a zero beat condition will be

observed on the scope. DME transmitter frequency may then be
determined by combining the Selected channel frequency and

the plus or minus AF deviation on READOUT (12). By expanding
scope display the frequency of each pulse on an individual basis
may be read. This permits checking for any transmitter frequency
pulling effects, etc.
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TRANSPONDER

The following procedure is a typical set-up for Transponder

equipment.

Reference should be made to the Transponder manu-

facturer's instruction manual covering the particular equipment
under test for complete test procedures.

A.

B.

C.

Turn on the SQUAWK/NAUT Test Set and allow a 5-10
minute warmup period.
Connect the Transponder antenna coax to the SQUAWK/
NAUT RF Output connector (35).

Connect the scope sync cable to the SYNC OUTPUT
connector (27).
Set SQUAWK/NAUT controls as follows, referring to
Fig. 1 for location of controls.

> w

10.

11.

12.
13.

14.

POWER (34)

OUTPUT LEVEL
CW OUTPUT (2)
REMOTE-LOCAL (1)

(38)

CHANNEL FREQ/MHz
FREQ SELECTOR (5)
UNCAL (26)

AF (24)
MODE SELECTOR (16)

READOUT (12) &
READOUT SELECTOR (15)

SYNC OUTPUT (6)

SQUITTER AND
INTERROGATION
RATE (25)

PULSE WIDTH (11)
P2-P3 DEVIATIOIN (10)

P2-P3 SUPPRESSION

1.12

"ON" (button 1lit)
-50 dbm
"OFF"

As necessary with equip-
ment being tested. Refer
to Controls and Indicators
Section for detailed

description of function.
Set to 1030 MHz.
Set to CAL. position (light

" OFF") .

Not operable.

Place in Mode A,B,C,D,
A-C as desired.
Readout Selector (15) may be
positioned as necessary
(SQUITTER RATE, POWER, AF,
XPDR RETURN %).

Set as desired referring
to Controls and Indicators
Section for detailed
description of function.
Inner knob to LO. Outer
knob set to 500, as read
on READOUT (12) with
READOUT SELECTOR (15)

in SQUITTER RATE position
(500 PPS. rate).

Set to .8 usec

Both inner and outer

knobs set to +0.

Inner knob (P3 Suppression)
set to 0. Outer knob (P2
Suppression) set to -10 db.

or



15. DOUBLE INTERROGATION Inner knob to "OFF" position
(13)

E. Turn Transponder on. :-Transponder should reply to
Test Set Interrogations.

F. To check transmitter power output of Transponder,
set READOUT SELECTOR (15) to POWER position and
read Power in watts on READOUT (l12). Power droop
and pulse shape may be observed on a scope by
monitoring the DETECTED PULSE MONITOR (33).

G. To check Transmitter frequency,

1. Set READOUT SELECTOR switch (15) to AF position.

2. Place Test Set RF generator in UNCAL condition
by pressing UNCAL button (26) (Light will be 1lit
in the UNCAL mode).

3. Dial 1030 MHz on Channel Freq/MHz Freq. SELECTOR (5).

Turn RF ATTENUATOR (38) to =10 dbm. This is necessary

to assure sufficient Transponder signal input to the

internal mixer. If this causes the Transponder to
cease replying set the P2 Deviation Control (10) to

~ +1.2 usec.

5. Connect scope vertical channel to FREQUENCY MONITOR
connector (30) and scope sync to SCOPE SYNC OUTPUT
connector (27).

6. Set SYNC OUTPUT switch to Td. Scope should be adjusted
to display Transponder Reply.

=9
.

By varing AF control (24), a zero beat condition will be observed
on the scope. The transmitter frequency deviation from 1090 MHz
may be read on READOUT (12).

H. To check Transponder Dead Time.

1. Place the inner knob of the Double Interrogation
control (13) in the ON position.

2. Place the Readout Selector (15) in the XPDR %

Return position.

3. Observe the Double Interrogation Delay by means
of a scope attached to the Video Output Monitor.
Place the Sync Output control (3) in the To position.

4. While varying the outér knob of the Double Interrogation
control (13) observe both the Readout and the scope to
determine the Delay at which the Transponder U.T. does
not Reply to the second Test Set Interrogation.

5. By also observing the Detected Pulse Monitor on the
scope it is possible to determine when the Tansponder
U.T. is not Replying to the second Test Set Interrogation.

6. Caution. When the Double Interrogation Delay becomes
less than 25 usec. and the RF Attenuator (38) is set
for high signal levels it is possible for the XPDR
Reply to cause the Test Set Interrogations to be
incorrect.
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ARINC 568 DIGITAL DME INDICATOR

The following procedure is a typical set-up for Digital DME
Indicator equipment. Reference should be made to the Indicator
manufacturer's instruction manual covering the particular equip-
ment under test for complete test procedures.

A. Turn on the Squawk/Naut Test Set and allow a 5-10
minute warm-up period.

B. Connect the ARINC 568 Digital DME Indicator to the
Indicator U.T. Jack, J4, located on the Test Set
rear panel. Apply 115 VAC, 400 Hz, to Remote
Control Jack, J3, Pins AA and BB in order to power
the Indicator from the Indicator U.T. Jack, J4,
Pins W and X.

Refer to Indicator U.T. Jack, J4, Pin Assignment
at the end of this section.

C. Set the Squawk/Naut Controls as listed below, referring
to Fig. 1 for location of Controls.

1. POWER (34) "ON" (button 1lit)
2. SERIAL DATA Normal position
OUTPUT (7)
3. SERIAL DATA 11 KHz position
CLOCK (9)
4. READOUT (12) Readout Selector (15)
& READOUT may be set to either
SELECTOR (15) Acceleration, Velocity,

or Test Distance positions

as required. When in the Test
Distance position the Readout
will indicate the Distance as
sent to the Indicator by the
Serial BCD Distance Data output.

NOTE: The Indicator manufacturer's test procedures should be
consulted and followed for complete Indicator Testing.
By referring to the detail description of the Control
functions, any particular characteristic of the Digital
DME Indicator may be thoroughly tested.

Refer to the Indicator U.T. Jack, J4, Pin Assignment
at the end of this section for such additional outputs
as the Analog Distance Pulse and Range Rate Pulse. The
Analog Distance Pulse output is accurate only if the
Test Set is operating in X Mode. Refer to Remote Control
Schematic in Remote Control section for wiring diagram.
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REAR PANEL CONNECTING CABLES

INDICATOR U.T. JACK J4 PIN ASSIGNMENT

PIN DESCRIPTION CONNECTION
A.

B. SERIAL BCD DISTANCE DATA Hi Cl0-A26
C . " " " n Lo Gnd

D. 5V INSTRUMENT LIGHTS Hi

E.

F.

G.

H. SPARE

J. SPARE

K.

L. ANALOG DISTANCE PULSE Hi Cl0-All
M. ANALOG DISTANCE PULSE Lo Gnd

N. FUNCTIONAL TEST CONTROL

P. SPARE

R. SPARE

S. SERIAL BCD WORD SYNC Hi Cl0-B31
T. SERIAL BCD CLOCK Hi Cl0-A2
U. SERIAL BCD CLOCK Lo Gnd

V. 5V INSTRUMENT LIGHTS Lo Gnd

W. 26VAC 380-420 Hz T2-4

X. AC COMMON GROUND T2-3

Y. RANGE RATE PULSE Hi Cl10-A8
Z . " " n Lo Gnd

a. SERIAL BCD WORD SYNC Lo Gnd

b. WARNING FLAG Cl1-B30
c. CHASSIS GROUND Gnd

OPERATION: This connector is for use in check out of DME
Indicator complying with ARINC Characteristic 568.
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FREQUENCY GENERATOR

BLOCK DIAGRAM THEORY

PURPOSE:
To generate a +20 DBM minimum RF signal varying in frequency
between 962 MHz and 1213 MHz with crystal controlled accuracy.

OPERATION:
A. +AF VCO AND -AF VCO LOOPS
Since the +AF VCO loop and the -AF VCO loop are identi-
cal, except for the use of an 89 MHz oscillator with the
-/AF VCO and a 91 MHz oscillator with the +AF VCO, only the
+AF VCO loop shall be discussed.

The +AF VCO VT output of the LEAD/LAG AMPLIFIER which is
controlled by the PHASE/FREQUENCY DETECTOR, determines the
frequency of the +AF VCO. The PHASE/FREQUENCY DETECTOR
causes VT to go to its maximum level, therefore causing the
+AF VCO frequency to be maximum anytime the VARIABLE FRE-
QUENCY input is less than the REFERENCE FREQUENCY input for
an appreciable length of time. The opposite effect on VT
and the +AF VCO frequency occurs when the VARIABLE FRE-
QUENCY input is greater than the REFERENCE FREQUENCY input.
Thus the +AF VCO frequency is caused to vary in the direct-
ion which will cause the VARIABLE FREQUENCY input to be the
same as the REFERENCE FREQUENCY input. When the +AF VCO
frequency is such that the VARIABLE FREQUENCY is equal to
the REFERENCE FREQUENCY, the +AF LOOP is said to be "LOCKED".
The "LOCK" frequency should be maintained. Should the VARI-
ABLE FKEQUENCY input begin leading the REFERENCE FREQUENCY
input in phase, VT will decrease. If the VARIABLE FREQUENCY
input begins to lag the REFERENCE FREQUENCY input VT will
increase.

The purpose of the MAXIMUM FREQUENCY CIRCUIT is to limit
the maximum frequency of the +AF VCO. This prevents the
frequency of the +AF VCOAF output, of the 91 MHz oscillator
module, from being 2(91 MHz) minus the +AF VCO frequency.

The VARIABLE FREQUENCY input to the PHASE/FREQUENCY DETECTOR
is generated in the following manner. The 91 MHz MIXER
INJECTION output of the +/.F VCO is mixed with the output of
the 91 MHz crystal oscillator. The difference frequency output
of the mixer, the +..F VCO AF, is filtered to eliminate the
2(91 MHz) minus the +/AAF VCO frequency from the output. The
+AF VCO AF frequency is divided by 20 and then by the PRO-
GRAMMABLE +N section. The resulting frequency is the VARIABLE
FREQUENCY input to the PHASE/FREQUENCY DETECTOR.

The N value for the PROGRAMMABLE +N is determined by the
output of the FREQUENCY CONTROL LOGIC which is determined by
either the REMOTE CONTROL 2/5 INPUTS, the CHANNEL FREQUENCY
SELECTOR or the MHz FREQUENCY SELECTOR.
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The REFERENCE FREQUENCY input to the PHASE/FREQUENCY
DETECTOR is 5 KHz. This is derived from either the 2 MHz
CRYSTAL OSCILLATOR in the CAL mode or the 4 MHz VFO in the

UNCAL mode, as selected by the UNCAL switch located on the
front panel.

Thus the "LOCK" frequency of the +AF VCO is (20xNx5KHz)
plus 91 MHz.

+AF VCO "LOCK" frequency =(__N + 91)MHz
1

(=]

1

o

- AF VCO "LOCK" frequency =(_§ + 89)MHZ

HIGH FREQUENCY LOOP
The HIGH FREQUENCY LOOP controls the frequency of the
MASTER VCO in the following manner.

The MASTER VCO will tend to "LOCK" at any frequency which
causes the MASTER VCO +AF and the MASTER VCO -AF frequencies
to be the same. These "lock point" frequencies occur at
K(+AF VCO freqg. plus -AF VCO freq.) +2, K =1,2,....,9,10,
11, 12, etc.

Operation of the PHASE/FREQUENCY DETECTOR-AMPLIFIER section
of the HIGH FREQUENCY LOOP is such that when the MASTER VCO
+AF frequency is greater than the MASTER VCO -AF frequency,
the output, the Master VCO VT, increases thus causing the
MASTER VCO frequency to increase. The output decreases when
the MASTER VCO - AF frequency is greater than the MASTER VCO
+/A F frequency. Thus the MASTER VCO frequency is caused to
vary in the direction which will cause the MASTER VCO +AF
frequency to equal the MASTER VCO -AF frequency which is the
condition for "LOCK".

The "LOCK" frequency is maintained because should the phase
of the MASTER VCO +/A\F input began leading the phase of the
MASTER VCO - AF input the MASTER VCO VT is caused to increase
thus increasing the MASTER VCO frequency. The Master VCO VT
decreases when the MASTER VCO - AF input phase begins leading
the MASTER VCO +)\F input phase.

The MASTER VCO +AF frequency is generated by the MIXER
section in the +AF VCO module. The +AF Mixer Injection
output of the MASTER VCO is mixed with the output of the
HARMONIC GENERATOR section. The filtering of the MIXER out-
put allows only the difference frequency between the MASTER
VCO frequency and one of the harmonics generated in the
HARMONIC GENERATOR to appear in the output, the MASTER VCO
+AF.

2.2



The MASTER VCO is caused to "LOCK" at the proper "LOCK
POINT" in the following manner. The MASTER VCO +AF fre-
quency is divided by 20 and becomes the variable input to the
FREQUENCY COMPARATOR. The reference input to the FREQUENCY
COMPARATOR is 0.5 MHz. Anytime the variable frequency is not
equal to the reference frequency the FREQUENCY COMPARATOR
output causes the triggering of the SWEEP DOWN CIRCUIT. Thus
the MASTER VCO VT is caused to sweep down in value until the
MASTER VCO +AF frequency is equal to 10 MHz and remains 10 MHz.
This only occurs when the MASTER VCO frequency is equal to
10 (+AF VCO frequency plus -AF VCO frequency) +2. If the
MASTER VCO does not "LOCK" during the sweep down portion of
the search cycle, the CHARGE UP CIRCUIT is activated and the
MASTER VCO VT is caused to take on its maximum value after
which the SWEEP DOWN CIRCUIT is activated.

Should the MASTER VCO "LOCK" frequency of 1000 MHz be
required, the +AF VCO is "LOCKED" to 101 MHz and the -AF
VCO is "LOCKED" to 99 MHz.

When in "LOCK" the +/\F MIXER INJECTION is mixed with
1010 MHz yielding a 10 MHz value for the MASTER VCO +AF
output. The -AF MIXER INJECTION is mixed with 990 MHz
yielding a 10 MHz value for the MASTER VCO -AF output.

MASTER VCO "LOCK" Frequency

10

.

( N + 90) X 10

= 900 + N

Fig. 1 illustrates the frequencies involved when the
"LOCK" frequency of 1000 MHz is required.

L F VFO

The 4 MHz VFO frequency is controlled by the front panel
AF control. After a division by 2 it becomes an input to the
INT/EXT. 2 MHz SWITCH. This SWITCH also has an EXT. 2 MHz VFO
input to allow remote variation of the generator frequency.
The 1 MHz VFO output is used to generate the REFERENCE FRE-
QUENCY input to the PHASE/FREQUENCY DETECTOR in the UNCAL mode.
Thus the generator frequency may be varied by means of the
front panel .\F control.

FREQUENCY CONTROL LOGIC

The REMOTE/LOCAL FREQUENCY CONTROL input causes N to be
determined by either the REMOTE FREQUENCY selector or the
CHANNEL FREQUENCY/MHz FREQUENCY SELECTOR.

FREQUENCY CONTROL SOURCE LOGIC inputs determine the state,
"1" or "0", of the various outputs. These outputs determine
whether the REMOTE FREQUENCY SELECTOR or the CHANNEL FREQUENCY/
MHz FREQUENCY SELECTOR shall determine the FREQUENCY GENERATOR
frequency.
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REMOTE FREQUENCY SELECTOR levels are converted to TTL
levels by the LEVEL TRANSLATORS.

The MHz 2/5 TO 1/10 DECODE sections cause the ARINC 2 out
of 5 code, used by the REMOTE FREQUENCY SELECTOR, to be con-
verted to a 1 out of 10 code. These sections also determine
whether the REMOTE FREQUENCY SELECTOR or the CHANNEL FREQUENCY/
MHz FREQUENCY SELECTOR shall determine the FREQUENCY GENERATOR
frequency depending on the state of the Remote Control line.
These sections also accept the inputs from the CHANNEL FRE-
QUENCY SELECTOR which is a 1/10 code.

The X-Y MODE LOGIC section outputs determine whether the
FREQUENCY GENERATOR frequency corresponds to X or Y Mode.

The PS-1,2,4,8 1/10 TO BCD DECODE section converts the 1/10
code output of the 0.1 MHz 2/5 TO 1/10 DECODE section to the
corresponding BCD code. This section also accepts the inputs
from the MHz FREQUENCY SELECTOR which is a BCD code.

The PS-100,200 and PS-10,20,40,80 DECODE section converts
the 1/10 code output of the 1.0 MHz 2/5 TO 1/10 DECODE and
10 MHz 2/5 TO 1/3 DECODE sections and the outputs of the X-Y
MODE LOGIC to the necessary BCD code to cause the FREQUENCY
GENERATOR to have the proper output frequency. This section
also accepts the inputs from the 10 MHz FREQUENCY SELECTOR
which is a BCD code and the 100 MHz FREQUENCY SELECTOR which
is a 1/4 code.

The XPS-4,8 LOGIC section converts the inputs from the PS-
100,200 and PS-10,20,40,80 to the required states of the XPS-
4 and XPS-8 outputs to cause the FREQUENCY GENERATOR to have
the proper frequency.

The X-Y PULSE SPACING LOGIC generates the required state
on the X-Y PULSE SPACING CONTROL output as determined by the
various inputs. The AUTO X-Y MODE input causes the X-Y pulse
spacing to be determined by the input from the X-Y MODE LOGIC
section. The X Mode input causes the X-Y PULSE SPACING CONTROL
to correspond to X MODE. If neither the Auto X-Y MODE or X
MODE input is at a "0", the X-Y PULSE SPACING CONTROL corre-
sponds to Y MODE.
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THEORY OF OPERATION

LOW FREQUENCY BOARD, Gl, THEORY

PURPOSE:
To supply the necessary voltage on the AF VCO VT outputs to
cause the respective AF VCO to "LOCK" at the proper frequency.

OPERATION:
Since the + A F and - A F functions are identical in operation,
only the - A F sections will be discussed.

A. - /A F AMPLIFIER
I19 provides the amplification of the - A F VCO AF input
to produce a signal level sufficient to drive I20A.

B. -AF +20
Il6B and I21 provide frequency division of 20. I1l8B pro-
vides buffering.

C. - A F PROGRAMMABLE + N
122, I23 and I24 supply frequency division of N. These

devices are programmable, cascadable, modulo N down counters.
When the whole counter has been counted down to the "0" state
by the clock input to I22, Pin 6, the gate inputs to Pin 4 of 122,
I23 and I24 go to a "0" and the counter is preset to the value
N. When the whole counter is in the "(0" state the "Buss" out-
put Pin 12 of 122, I23 and I24 is at a "1". This pulse on
the "Buss" is the - A F VARIABLE FREQUENCY input to the PHASE/
FREQUENCY DETECTOR. If the XPS-0 line is at a "O0", Il6A is
held RESET and there is a "1" on the Q output of Il16A, Pin 8.
This allows all pulses on the "Buss" line to appear on the
- A F VARIABLE FREQUERCY line. If the XPS-0 is at a "1",
I16A is caused to "Toggle" by the pulses on the "Buss" line.
This causes the counter to be preset alternately to the value
on the PS-X lines and then the XPS-X lines. Since only every
other pulse on the "Buss" line appears on the - A F VARIABLE
FREQUENCY line, the division ratio is the sum of the PS-X
and XPS-X values. When the XPS-X value is being preset into
122 the MR input to Pin 10 of I23 and I24 is at a "O0" which
causes I23 and I24 to be preset to "0".

D. -AF PHASE/FREQUENCY DETECTOR
If the - A F VARIABLE FREQUENCY input to I7A, Pin 3 is a
faster frequency then the REFERENCE FREQUENCY input to Il73,
Pin 1, the waveforms at the various points correspond to the
- PD (Pull Down) condition. If the frequency is lower, the PU
(Pull Up) condition is present. If the frequencies are equal,
the "LOCK" condition is present. The waveforms on the LOW
FREQUENCY LOOP schematic should be present under the various
conditions.

E. - A F LEAD/LAG AMPLIFIER
The LEAD/LAG AMPLIFIER provides integration and inversion
of the pulses present on the output of the PHASE/FREQUENCY
DETECTOR.
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F. -AF MAXIMUM FREQUENCY CIRCUIT
The maximum voltage level that can be generated on the -AF
VCO VT output is limited by the setting of R22. The voltage
is limited because should Q6 be turned on by the -AF VCO
VT voltage, the voltage on the gate input to Q5 is increased
due to current flow from the collector of Q6.

G. 2MHz OSCILLATOR
The 2MHz OSCILLATOR is straight forward with the output
taken from the collector of Ql. Amplification of this signal
by Q2 and limiting by CR1 and CR2 provides TTL level required
at the input to Pin 1 of IlA. 1I1B provides buffering.

H. +2
I2B provides frequency division while I1C provides buffering.

I. CAL/UNCAL SWITCH

The CAL/UNCAL switch provides selection of either the 1MHz
reference or 1 MHz VFO frequency as the source of the 5KHz
reference used by the PHASE/FREQUENCY DETECTOR. Selection is
made by means of the CAL/UNCAL control line.

J. +200 .
I2A, I4 and I5 provide frequency division of 200 to provide
a 5KHz output from a 1MHz input.

89 MHz OSCILLATOR, G3, AND 91 MHz OSCILLATOR, G2, THEORY

PURPOSE:

To generate an output which is the difference frequency between
the AF VCO and the crystal frequency.

OPERATION:

Only the 91 MHz OSCILLATOR operation will be described since the
89 MHz OSCILLATOR is the same except for the crystal frequency.

A. 91 MHz OSCILLATOR
The 91 MHz OSCILLATOR operation is straight forward with
the output taken from the collector of Ql. Fine frequency
adjustment is made by means of Cé6.

B. MIXER '
The difference fregquency between the 91 MHz OSCILLATOR
frequency and the 91 MHz MIXER INJECTION frequency is generated
in the hot-carrier diode, CRl.

C. LPF

The LPF with a cut-off frequency of 40 MHz prevents the
difference between 2(91MHz) minus the 91 MHz MIXER INJECTION
frequency from appearing in the +AF VCO AF output.
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D. AMPLIFIER

The AMPLIFIER, Il provides amplification of the output of
the LPF.

HIGH FREQUENCY LOOP BOARD, G4, THEORY

PURPOSE:

To supply the necessary voltage on the MASTER VCO VT output to
cause the MASTER VCO to "LOCK" at the proper frequency.

OPERATION:
A. +AF AMPLIFIER AND -AF AMPLIFIER
The MASTER VCO +AF and MASTER VCO -AF inputs are amplified
to ECL levels by the +AF AMPLIFIER and -AF AMPLIFIER.

B. PHASE/FREQUENCY DET-AMPL

The operation of the PHASE/FREQUENCY DET-AMP is best
described by means of the timing diagram shown in Fig 2.
As can be seen when the frequency of the -AF signal is
greater than the +AF signal the PU output consists of narrow
pulses whereas the PD output pulse width is much greater.
This results in different average voltages on the bases of
Q2 and Q3 causing Q2 to turn on. When Q2 is turned on, Q5
conducts and the Master VCO VT decreases causing the MASTER
VCO frequency to decrease. Thus the MASTER VCO is caused to
maintain the "LOCK" frequency. Should the +AF frequency be
greater than the - AF frequency, Q3 is turned on resulting
in the MASTER VCO VT increasing causing the MASTER VCO
frequency to increase.

C. LEVEL TRANSLATOR

The LEVEL TRANSLATOR, consisting of Ql, translates the ECL
level to TTL level required as the input level to the +20
circuit.

D. +20
The <20 circuit divides the MASTER VCO +AF frequency to
provide a 0.5 MHz output frequency when the input is 10 MHz.

E. <2
The +2 circuit divides the 1 MHz REFERENCE input to provide
a 0.5 MHz output.

F. REFERENCE PULSE GENERATOR AND VARIABLE PULSE GENERATOR
The REFERENCE PULSE GENERATOR will be described only as the
operation of the VARIABLE PULSE GENERATOR is identical. When
the 0.5 MHz input to Pin 13 of I8D goes to a "0", the output.

Pin 11, goes to a "1". This "1" causes the output, Pin 3 of
I8A, to go to a "0" causing the output, Pin 6 of I8B, to go to
a ” lll .
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This "1" causes the output of I8A, pin 3, to be latched at a "0Q"
and the output of I8D, Pin 11, to go to a "0". Thus a short

duration positive pulse is generated at the output of I8D, pin 11,

and a negative pulse to be present on the output of I8C, Pin 8.
The purpose of R28 and C4 is to widen the pulse.

FREQUENCY COMPARATOR

Should the PRF of the VARIABLE PULSE input be greater
than that of the REFERENCE PULSE, at some time I10A and
triggered more than once for a single SET pulse on I10A and
I10B. Therefore the Q output, Pin 6 of I10A, is triggered
from a "1" to a "O" causing the Q output of I10B, Pin 9, to be
triggered to a "0" causing a negative pulse to be generated.
The portion of the FREQUENCY COMPARATOR consisting of Ill
operates in the same manner.

SWEEP DOWN CIRCUIT

When the VARIABLE PULSE PRF does not equal the REFERENCE
PULSE PRF, the negative pulses appearing on the inputs to
I12, Pin 1 or Pin 2, cause the Q output to be triggered to a
"1". This causes Q7 to conduct and the MASTER VCO VT to
decrease. The above operation is inhibited by the "0" on
the input of I12, Pin 4, during the CHARGE UP portion of the
SEARCH CYCLE.

SEARCH CYCLE TIMER

The Q9 output of the timer is set to a "1" at the end of
the CHARGE UP portion of the SEARCH CYCLE due to current
flowing thru R43 causing Q8 to conduct. After an interval of
approximately 50 msec. Q9 dgoes to a "0" which will allow a
"1" to appear on collector of Q10 should the Q output of Il2,
Pin 6, go to a "0". Thus a "1" will appear onthe collector
of Q10 if the loop has not properly "LOCKED" by the time the
SEARCH CYCLE TIMER has timed out. This "1" initiates the
CHARGE UP operation.

CHARGE UP CIRCUIT

If Q11 is caused to conduct due to current flowing thru R45,
the "1" appearing on the collector of Ql2 causes Ql4 to conduct
and the MASTER VCO VT to increase. When VT reaches a level
sufficient to cause Ql5 to conduct, current flowing thru. R46
will cause Q12 to conduct. While Ql1 is at a "0" the SWEEP
DOWN CIRCUIT is inhibited due to the "0" on the input to Il2,
Pin 4.
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+AF VCO, G5, and -AF VCO, G6, THEORY

PURPOSE:

To generate a difference frequency which is the difference
between the MASTER VCO frequency and the tenth harmonics of the
AF VCO frequency.

OPERATION:
Only the +AF VCO will be described since the -AF VCO is
identical.

A.

C.

+/A\F VCO and BUFFER

The +/AF VCO is of the reactance switching type. On the
peak positive swing of the collector waveform of Ql the diode
CRl is caused to conduct thus allowing C2 to be "seen" by the
oscillator circuitry. Therefore the lower the +AF VCO VT is

the longer C2 is "seen" thru CRl, hence the lower the
frequency of oscillation.

The HEATER, COl, provides thermal stability of the parameters
of the transistor, Q1 and the diode, CR1l. The buffer, Q2,
provides isolation and amplification of the +AF VCO output.

AMPLIFIER/HARMONIC GENERATOR

The AMPLIFIER, Q3, amplifies the BUFFER output to provide
an adequate drive level for the HARMONIC GENERATOR which in
turn generates harmonically related frequencies of the +AF

VCO frequency in the step-recovery diode, CR2. An attenuated
portion of the BUFFER output is used to provide the 91 MHz
MIXER INJECTION.

MIXER

The MIXER generates the difference frequencies between the
various harmonics of the +AF VCO frequency and the +AF MIXER
INJECTION from the MASTER VCO in hot carrier diode CR3.

LPF/AMPLIFIER

The LPF, with a 40 MHz cut-off frequency, attenuates all the
difference frequencies generated in the MIXER except that
difference frequency which is 40 MHz or less.

The AMPLIFIER, Il, amplifies the output of the LPF.

MASTER VCO, G7, THEORY

PURPOSE:
To generate a +20dbm signal at a frequency in the 962 MHz - 1213
MHz range to be used, after modulation, as the test set RF output.
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OPERATION:
The frequency of oscillation of the MASTER VCO is controlled by
the biasing of the varactor diode CRl by the MASTER VCO VT

input. Attenuated outputs are used for the +AF MIXER INJECTION,
the -AF MIXER INJECTION and the FREQUENCY MONITOR MIXER
INJECTION.

FREQUENCY CONTROL LOGIC, L3, THEORY

PURPOSE:

To convert the various inputs to the necessary program to cause
the RF Generator frequency to correspond to the selected
frequency.

The source of frequency selection may be
a. REMOTE FREQUENCY SELECTOR
b. MHz FREQUENCY SELECTOR
c. CHANNEL FREQUENCY SELECTOR

OPERATION:

REMOTE FREQUENCY SELECTOR inputs are selected by the REMOTE/
LOCAL FREQUENCY CONTROL switch. The MHz FREQUENCY SELECTOR is
selected by having the 0-5 MHz CONTROL switch in the MHz
position. Placing the switch in the 0 or 5 position causes
CHANNEL FREQUENCY SELECTOR control.

A. LEVEL TRANSLATORS
PURPOSE:

To cause the large voltages present on the inputs to be
translated to TTL levels on the outputs.

OPERATION:

When the input voltage level passes thru the 7.5t1 volt level
the output changes TTL level state.

The output level is inverted from the input level.

B. 10, 1.0 and 0.1 MHz 2/5 TO 1/10 DECODE
PURPOSE:

To cause the 2/5 inputs to be decoded into 1 of 10 outputs
corresponding to the CHANNEL FREQUENCY.

OPERATION:

Since the 10 MHz, 1.0 MHz and 0.1 MHz sections work alike
only the 1.0 MHz will be described.

Observation of 2/5 to Decimal Chart below shows that if
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the A and B inputs are at a "0", CHANNEL FREQUENCY XX1l.XX is
called for. The state of the inputs would cause the inputs

of the NAND Gate Il7c, Pins 1 and 13, to be at-a "1" causing
the output, Pin 12 of Il7c, to be a "0" providing the input

of Il17c, Pin 2, is at a "1". The input to Il7c¢, Pin 2 will

be a "1" only if REMOTE CONTROL is called for. This operation
is typical throughout the rest of this section and also for
the 10 MHz and 0.1 MHz sections.

01234567280
A1OO0OI1111100
BOOILOOII1I1T171
C11001001T11
DI1111001001
EO111110010

FREQUENCY CONTROL SOURCE LOGIC
PURPOSE:
To cause the source of frequency control to be that called for

by the REMOTE/LOCAL FREQUENCY CONTROL switch and the 0-5-MHz
CONTROL switch.

OPERATION:

If the REMOTE/LOCAL FREQUENCY CONTROL switch is in the REMOTE
position, the inputs to NAND Gates I10B, Pin 4, and Il0C, Pin
9, and Inverter 125D, Pin 9, are at a "0" causing all outputs
to be at a "1". Thus none of the CHANNEL FREQUENCY SELECTOR
inputs or the MHz FREQUENCY SELECTOR inputs can assume a "0".
Neither can the outputs of the 0-5-MHz CONTROL switch. The
“1l" on the inputs to the NAND gates in the 10 MHz, 1.0 MHz,

0.1 MHz 2/5 TO 1/10 DECODE sections enable these decode gates.

If the REMOTE/LOCAL FREQUENCY CONTROL switch is in the
LOCAL position, the "1" present on the input to Inverter
I25D, pin 9 causes a "0" on the common of the 0-5-MHz CONTROL
switch and causes all outputs of the 10 MHz, 1.0 MHz, 0.1 MHz
2/5 70 1/10 DECODE sections to be "0".

If the 0-5-MHz CONTROL switch, is in either the 0 or 5
position, the MHz FREQUENCY SELECTOR common is at a "1" and

the CHANNEL FREQUENCY SELECTOR common is at a "O0" thus allowing
selection of a Channel Frequency,

ps-1,2,4,8 1/10 TO BCD DECODE
PURPOSE:

To cause the outputs of the 0.1 MHz 2/5 TO 1/10 DECODE section
to be converted to the required states of the PS-1,2,4,8 lines
for proper generator frequency control.
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Ps-1,2,4,8 1/10 TO BCD DECODE (Cont'd)
OPERATION:

If CHANNEL FREQUENCY XXX.7X is selected, the inputs to
NAND gates I12A, Pin 4, I1l3B, Pin 10 and Il13A, Pin 5, are
at a "0" causing the PS1l, PS2 and PS4 lines to be at a "1"
thus causing the generator to be properly programmed.

Operation is similar for other CHANNEL FREQUENCIES. The
1 MHz FREQUENCY SELECTOR inputs are all at "1"'s in the
above case.

If MHz FREQUENCY XXX7 is selected, the "0"'s present in-
puts to NAND gates Il12A, Pin 3, I13B, Pin 11l and Il13A, Pin 3
cause the PS-1, PS-2 and PS-4 lines to be at a "1".

PS-100, 200 AND PS-10,20,40,80 DECODE
PURPOSE:

To cause the outputs of the 10 MHz and 0.1 MHz 2/5 TO
1/10 DECODE sections to be converted to the required states
of the PS-100, 200* and PS-10, 20, 40, 80 lines for proper
generator frequency control.

OPERATION:

If CHANNEL FREQUENCY 133.3X is selected either REMOTELY
or LOCALLY, all inputs to NAND gate I22C, Pin 1, 2 and 13
are at "1"'s and the output, Pin 12 of I22C, is at a "O0".
This "0" controls the states of the PS-100 and PS-10 out-
puts. If CHANNEL FREQUENCY 133.30 is selected, the PS-10
and PS-100 outputs are caused to be "1"'s due to the turning
off of the appropriate transistors, Q4 and Q8. For all
XXX.X0 frequencies the X MODE FREQUENCY line is at a "1"
and the Y MODE FREQUENCY line is at a "0". 1If 133.35
were selected instead, the PS-40 and PS-200 outputs would
be a "1" and all other PS-10, 20, 40, 80 and PS-100 200
outputs would be at a "0".

Operation is similar for all other CHANNEL FREQUENCIES
selected.

If the MHz FREQUENCY SELECTOR has control, the X MODE
FREQUENCY line is at a "1" and the Y MODE FREQUENCY line is
at a "0". Thus a "0" on the 10 MHz FREQUENCY SELECTOR in-
put or the 100 MHz FREQUENCY SELECTOR input, causes the
appropriate PS-100, 200 or PS-10, 20, 40, and 80 outputs to
be a "1".

X-Y MODE LOGIC
PURPOSE :
To cause the X MODE FREQUENCY and Y MODE FREQUENCY lines
to be in the proper state :as called for by either the .01 MHz

*Channeling starts from 900 MHz
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X-Y MODE LOGIC (Cont'd)

REMOTE FREQUENCY SELECTOR input or the XXX.X5 CHANNEL FRE-
QUENCY SELECTOR. Also to provide an input to the X-Y MODE
PULSE SPACING LOGIC for use in the AUTO X-Y MODE.

OPERATION:

If either the .01 MHz FREQUENCY SELECTOR input or the
XXX.X5 CHANNEL FREQUENCY SELECTOR input is at a "0", the
output of NAND gate I10A, Pin 3 is a "1". This "1" causes
the 1=Y MODE FREQUENCY line to be a "1" and the 1=X MODE
FREQUENCY line to be a "0" for proper generator programming.
The output to the X-Y PULSE SPACING LOGIC causes the Y-MODE
to be selected if the AUTO X-Y MODE is selected.

X-Y PULSE SPACING LOGIC
PURPOSE:

To generate an output which determines the REPLY PULSE
PAIR SPACING, C7, and to control the INTERROGATION P2
WINDOW GENERATOR, C6, which is in accordance with the state
of the inputs. These inputs are the AUTO X-Y MODE, X-MODE
and the output of the X-Y MODE LOGIC.

OPERATION:

If the AUTO X-Y MODE input is at a "0", the output varies
in accordance with the output of the X-Y MODE LOGIC. If
the X-MODE input is at a "0", the output is at a "1". If
neither the Auto X-Y Mode or the X-MODE inputs are at a "0",
the output is at a "0" for Y-MODE.

FREQUENCY CONTROL INPUTS STATES TO PS-X AND XPS-X OUTPUT STATES

Figure 3 gives the required PS-X and XPS-X states for a
given REMOTE FREQUENCY SELECTOR or CHANNEL FREQUENCY SELECTOR
position for X-MODE frequencies. Figure 4 is for Y-MODE
frequencies. The required states of the PS-1,2,4,8 outputs
and the required PS-X and XPS-X states for MHz FREQUENCY
SELECTION are given in Figure 5.

Figure 6 gives the ARINC 2/5 BINARY CODE required by the
REMOTE FREQUENCY SELECTOR inputs.
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MASTER VCO +AF = 9 10 I 12 MHZ

.

+AF VCO
MIXER INPUT
909 1010 i 1212 MHZ
MASTER VCO-AF = 9 10 I 12 MHZ
| | || |
MIXER INPUT
89l 990 1089 1188 MHZ
MASTER VCO
LOCK POINTS 900 1000 1100 1200 MHZ
CORRECT
"LOCK POINT
K= 9 10 I 12

FREQUENCIES INVOLVED FOR LOCK FREQ. OF 1000 MHZ
FIG 1
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Ps_l,2,4’8

MHz REMOTE CHAN,
FREQ. FREQ. FREQ. PS PS PS S
SELECTOR SELECTOR SELECTOR 1 2 4 8
XXX0 X7 XXX.0X 0 0 0 0
XXX1 X8 XXX.1lX 1 0 0 0
XXX2 X9 XXX.2X 0 1 0 0
XXX3 X0 XXX.3X 1 1 0 0
XXX4 X1 XXX.4X 0 0 1 0
XXX5 X2 XXX.5X 1 0 1 0
XXX6 X3 XXX.6X 0 1 1 0
XXX7 X4 XXX.7X 1 1 1 0
XXX8 X5 XXX.8X 0 0 0 1
XXX9 X6 XXX.9X 1 0 0 1
ps-10,20,40,80
MHz
FREQ. PS PS PS PS
SELECTOR 10 20 40 80
XX0X 0 0 0 0
XX1X 1 0 0 0
XX2X 0 1 0 0
XX3X 1 1 0 0
XX4X 0 0 1 0
_ XX5X 1 0 1 0
XX6X 0 1 1 0
AX7X 1 1 1 0
XX8X 0 0 0 1
XX9X 1 0 0 1
PS-100,200
MHzZ
FREQ. PS PS
SELECTOR 100 200
X9XX 0 0
X0XX 1 0
X1XX 0 1
X2XX 1 1
XPS-0 = 0 in MHz Freq. Select Mode
XPS-4 = 0 in MHz Freq. Select Mode
XPS-8 = 0 in MHz Freq. Select Mode

PS-X CHART
FIG 5
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ARINC 10 MHz CODE

A E
10X.XX 1 0
11X.XX 0 1
13X.XX 1 1

ARINC FREQ. SELECTOR
2 OUT OF 5 BINARY CODE

A B C D E
0 1 0 1 1 0
1 0 0 1 1 1
2 0 1 0 1 1
3 1 0 0 1 1
4 1 0 1 0 1
5 1 1 0 0 1
6 1 1 0 1 0
7 1 1 1 0 0
8 0 1 1 0 1
9 0 1 1 1 0

C.01 = 1 for X Mocde

= 0 for Y Mode

1l = Greater than 8V

0 = Less than 6V

ARINC CODE
FIG 6
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CALIBRATIONS

Allow 30 minute warm-up period.

Connect frequency counter to Gl-23 Adjust capacitor C20 on
the LOW LOOP BOARD for counter reading of 2,000,000 Hz.

Connect counter to junction of R4 and CRl in the 91 MHz
OSCILLATOR, G2. Adjust C6 for counter reading of 91.00
MHz. CAUTION After adjustment check to insure 91 MHz
OSCILLATOR will start after SQUAWK/NAUT has been turned
off. Readjust C6 if necessary.

Same as 3 except adjust 89 MHz OSCILLATOR, G3, for counter
reading of 89.00 MHz.

Connect counter to RF OUTPUT. Determine if frequency is
within tolerance. If not, readjust 2 MHz OSCILLATOR
frequency to bring within tolerance.

ADJUSTMENT PROCEDURE FOR AF VCO INDUCTANCE L3, (G5 and G6) AND

1.

AF MAXIMUM FREQUENCY CIRCUIT, (Gl)

AF VCO INDUCTANCE L3, (G5 and G6)*
Select 960 MHz and adjust L3 for AF VCO VT of 0.95 to
1.00 volts. Allow 10 minute warm up.

AF MAXIMUM FREQUENCY CIRCUIT (G1l)*

Select 1230 MHz and note AF VCO VT value. Short the AF
VCO AF input, (Gl1-19 or Gl1-17), to the AF AMPLIFIER to
ground. Adjust the pot in the /AF MAXIMUM FREQUENCY CIRCUIT
for a AF VCO VT value which is 0.3V greater than that
observed when AF VCO was "LOCKED". When short is removed
/N F VCO should immediately "RELOCK" for 1230 MHz operation.

CAUTION: DO NOT TURN THE POT FULL CW

* Covers for AF VCO modules must be on.
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SELECTION PROCEDURE FOR LOW FREQUENCY LOOP BOARD, Gl

Selection of R14 and R20 in AF LEAD/LAG AMPLIFIER section.
R14 is selected so the IDSS of Q3, times the value of

Rl14, is less than 1.4 volts so the inverting amplifier, I6C

will shut off. Rl4 is also selected so that the pulse width,

when in "LOCK", at the Dl output of I6A, Pin 2 is not greater

than 200 nsec.

Selection of R27 and R34 in AF AMPLIFIER section.

R27 is selected so the inputs to I20D are biased near the
transition level.

SELECTION PROCEDURE FOR AF VCO FEEDBACK CAPACITOR, C6
(G5 and G6)

Disconnect AF VCO VT from input to AF VCO. Supply tuning
voltage with pot or power supply.

Attach counter probe to collector of Q3. Use high impedance
probe.

With approximately 1.0 volt on VT, adjust L3 and L2 for
oscillator frequency of 95 MHz for the -AF VCO or 97 MHz
for the +AF VCO.

Decrease VT voltage while monitoring frequency. At some
voltage, frequency will cease decreasing and begin increasing.
If this voltage is above 0.7 volts, increase the value of C6.
If lower than 0.4 volts decrease the value of C6.

Repeat steps 3 and 4 as there is some interaction.

Slowly vary the VT voltage while observing the frequency.
There should be no sudden changes in frequency. Check up to

a frequency of 132 MHz. Check for hysteresis in the frequency
vs.VT curve. The AF VCO should turn smoothly. If not, it
may be necessary to replace Q1 and CRl.
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MASTER VCO DOES NOT CHANNEL PROPERLY, G7
Check pertinent Power Supply Voltages -28V, +28V, +5V, +16V,
+16+2V. Check for AC Ripple.
Check +AF VCO LOOP for proper channeling.
Check -AF VCO LOOP for proper channeling.

Observe MASTER VCO VT and determine if the complete SEARCH
CYCLE is performed. If not go to Step 9.

Disconnect MASTER VCO VT from HIGH LOOP BOARD. Supply VT
voltage by means of a pot connected as shown below. Disconnect
resistors R36 and R54 on the HIGH LOOP BOARD, G4.

+28V
cw
5K Set MW MASTER VCO VT
MIN. 100
GROUND

Do Step 5. Adjust MASTER VCO VT for selected MASTER VCO
frequency and observe wave form on MASTER VCO +AF and
MASTER VCO -AF inputs to the HIGH LOOP BOARD. If observed
amplitude and frequency not as should be, determine why, fix,
reconnect resistors and MASTER VCO VT.

Do Step 5. Adjust MASTER VCO VT for selected MASTER VCO
frequency and observe MASTER VCO VT output of HIGH LOOP

BOARD. As MASTER VCO frequency is varied about selected
frequency, VT should go low as frequency goes above and high

as frequency goes below the selected frequency. If VT does

not behave in this manner determine why, fix, reconnect resistors

and MASTER VCO VT.

Do Step 5 except do not disconnect the MASTER VCO VT. By
means of a voltage source, steer the MASTER VCO to "LOCK"
points and determine if lock is achieved. If not, this is an
indication of a malfunction in the MASTER VCO or that the
MASTER VCO output is "seeing" an improper load due to high
VSWR caused by faulty cable or ISOLATOR, G8, input.

Will not perform SWEEP DOWN portion of SEARCH CYCLE, G4.

A. Check the Q output of I12, Pin 8 for positive pulses. If
present check Q7 for failure. If not present - -
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B. Check trigger inputs to I12, Pins 1 and 2 for negative
pulses on one or the other. If not present, check the
FREQUENCY COMPARATOR for cause of lack of output. If
present - -

C. Check trigger input to Il12, Pin 4, for presence of a "l1".
If not present determine why the collector of Qll is not
caused to go to a "1" at the end of the CHARGE UP portion
of the SEARCH CYCLE. If "1" is present replace Il2.

10. Will not perform CHARGE UP portion of SEARCH CYCLE, G4.

A. Check the collector of Ql2 for presence of "1". 1If
present, check Q13 and Q14 for failure. If not present -

B. Check the collector of Q10 for presence of positive pulse.
If present, check for failure of Q11, Ql12, or Ql15. 1If
not present - -

C. Check Q output of I12, Pin 6, for presence of negative
pulses. If not present determine cause of malfunction of
SWEEP DOWN circuit. If present - -

D. Check the collector of Q9 for presence of "0". If not

present determine cause of failure of SEARCH CYCLE TIMER.
If present check Q10 for failure.

- /,F VCO DOES NOT CHANNEL PROPERLY*

To determine if the -AF VCO is properly locked, observe the
outputs of the -/A\F PHASE/FREQUENCY DETECTOR located on the LOW
FREQUENCY LOOP BOARD, Gl. Observe the U and D outputs of I7A,
Pins 13 and 2. If the -AF VCO is properly locked, narrow, heg-

ative, pulses of 200 nsec. or less duration, with very small jitter
should be observed.

To determine if the -AF VCO is operating at the proper frequency,
a frequency count at the collector of Q3 in the -AF VCO, G6,
should be taken. Use a high impedance probe. The proper frequency
may be determined with the use of information given in the FREQUENCY

CONTROL LOGIC, L3, THEORY and the FREQUENCY GENERATOR BLOCK DIAGRAM
THEORY.

1. -/AF VCO does not "LOCK" properly.

A. Check pertinent Power Supply Voltages +5V, +16V, 16%2V.
Check for AC Ripple.

* Typical for +/AF VCO
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B.

E.

‘Disconnect -AF VCO VT line at the input to - AF VCO.

Apply a voltage to the -AF VCO VT input to the -AF VCO
by means of a pot and resistor as shown below or a power

supply. 5V
Cw
250 ! AN VT
100
GROUND

Select MHz Frequency of 1000 MHz.

Do step 1B. Adjust -AF VCO frequency for 99.9 MHz.
Observe -/A\F VCO VT. As -/ F VCO frequency is caused to
go below 99.9 MHz the -AF VCO VT should go to the maximum
value determined by the -AF MAXIMUM FREQUENCY CIRCUIT on
the LOW FREQUENCY LOOP BOARD, Gl. As the frequency is
caused to go above 99.9 MHz VT should go to the low value
of 0.8V. If VT behaves in this manner the reason for
failure to "LOCK" properly is located in the -AF VCO
OSCILLATOR circuitry, go to step 1G. If VT does not behave
in this manner go to step 1D.

Select 1000 MHz.

Do step 1B. Adjust VT for -AF VCO frequency of 99.9 MHz.
Observe the V1 input to I7A, Pin 3 in the PHASE/FREQUENCY
DETECTOR on Gl. A narrow positive pulse should be present
with a 5 KHz PRF. Also check for presence of the 5 KHz
REFERENCE FREQUENCY input to the Rl input, to I7A, Pin 1.
If the VARIABLE FREQUENCY input is not as it should be go
to Step E. If the REFERENCE FREQUENCY input is not as it
should be determine why and fix.

If these signals are present check -/AF PHASE FREQUENCY
DETECTOR and -AF LEAD/LAG AMPLIFIER for proper operation.
Observe the various points of the PHASE/FREQUENCY DETECTOR
for the proper wave form under the "LOCK", PU and PD
conditions. To check -AF LEAD/LAG AMPLIFIER short the
gate input to Q5 to ground. The VT should go to maximum
value. Connect a 1lK resistor between +5V and I7C, Pin 9.
The VT should go to 0.8V. See SELECTION PROCEDURE FOR

AF LEAD/LAG AMPLIFIER.

1. Select 1000 MHz. Do step 1B. Adjust -AF VCO frequency
for 99.9 MHz.

2. Check for output of the -AF + 20 at I8B, Pin 6 for the

presence of a 0.5 MHz signal. If not present go to
step F.
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3. Check the "BUSS" line for presence of a positive 5 KHz
pulse. If present, determine why it does not appear on
the - AF VARIABLE FREQUENCY line.

4. Check the MR inputs to Pin 10 of I23 and I24, of the
LOW FREQUENCY LOOP, Gl, for the presence of a "1". No
pulses should be present if the MHz FREQUENCY SELECTOR
is in use. Check the PO, Pl, P2, P3 inputs to Pins 5,
11, 14 and 2 of I22, I23 and I24, for the proper states.
Only I24, Pin 5 should be at a "1" for 1000 MHz.

5. Select 900 MHz. Ground the "BUSS" line. 122, I23 and
I24 should function as + 10 counters. Replace any
section which does not.

6. Select 900 MHz. All PO, Pl, P2 and P3 inputs to I22,
I23 and I24 should be at a "0". The "BUSS" line should
be at a "1". If not a direct short to ground or a failure
in I22, I23, I24, Il18A, or Il6A is indicated. Cutting
of the path between I22, Pin 12 and 13, and I18A, Pin 2
narrows the problem. If the "BUSS" output is still "0"
cutting of path between I24, Pin 12 and I23, Pin 12 narrows
the problem and cutting the path between I22, Pins 12 and
13 and I23, Pin 12 further reduces the problem.

7. Selection of 901 MHz thru 909 MHz should cause the
counter to be a =+ 1 thru = 9 divider. Selection of
910 thru 990 should cause the counter to be a+ 10 thru
=+ 90 divider. Selection of 1000 thru 1200 MHz should
cause the counter to be a = 100 thru +— 300 divider.

F. Do step 1B
Adjust -AF VCO VT for a -A\F VCO frequency of 99.9 MHz.
Check the output of the -AF <20 at Pin 6 of I18B for
the presence of a 0.5 MHz signal. If not present check
the input to -AF +20 at Pin 1 of I16B for a 10 MHz signal.
If not present check the RF levels the 89 MHz OSCILLATOR,
G3. See SELECTION PROCEDURE FOR LOW FREQUENCY LOOP BOARD, Gl.

G. Do step 1B.
Attach counter to the collector of Q3 of -AF VCO, G6.
Vary - /AF VCO VT voltage and observe frequency. There
should be no sudden jumps in frequency vs. VT or any
indication of hysteresis in the frequency vs. VT Curve,
the -/.F VCO should tune smoothly. The frequency should
constantly decrease with decreasing VT for VT values
above 0.7V. If this behavior is not observed see SELECTION
PROCEDURE for /AF VCO.

2. - /AF VCO does not operate at the proper frequency but does "LOCK".
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Determine if the + A F VCO exhibits the same "LOCK" but

improper frequency. If so, check the state of the N
inputs for proper values.

l.

2.

Do step lE1l and 1lE7. This checks the programmability
of 122, 123, and 124 in the - A F PROGRAMMABLE =+N.

Select a channel frequency of 111.00. The counter

should operate alternately as a =+100 and a -=+8. This
should result in one pulse on the - A F VARIABLE FREQUENCY
line for every 108 pulses of the clock. If this per-
formance is not observed, check the R input to Pin 6 of
I16A for presence of a "1", check for toggling action

of Il16A, check for proper operation of I18D and CRll.

Select a channel frequency of 135.05. The counter
should operate alternately as a +190 and a +4. This
should result in one pulse on the - A F VARIABLE
FREQUENCY line for every 194 pulses of the clock. If
this performance is not observed check as in the above
paragraph except check I18C and CRI.
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