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M;sgéeggggtts Institute of mechnolo&y o 91970
Apollo Guidance and Navigation GEORG £
System Test Group Memo #1542 Sii Veg
To: George Silver
From: v. Megna/R. Sheridan
i cification and Assembly

: . G&N ICDs, Procurement Spe
i A Test Procedure Interface Signal Requirements

Date: 19 August 1970

isting of all G&N system
b iy :];oise and marginal operational
inent ICDs, and those Pro-
mbly Test Procedures in which

This report is a comp
interface signals, lmpedances,
requirements as defined in pert

curement Specificatlons and Asseé

the ICD requirement 1s tested.

A complete examination of all Qualification Tests, Design

Verification Tests, and JDCs used to test the system would

be necessary to fully verify that all interface requirements
to which they are measured.

are tested and the tolerances
&N system in the Apollo program

Successful operation of the G
is an indication of 1ts capability to meet interface require-

ments, but a review of all testing performed on the system
would strengthen the knowledge of its abillity to meet the

requirements of space flight.
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NOTES:
(A)
(B)

(C)
(D)
(B)
(F)
(G)

(H)
(1)

(K)
(M)

(N) This level only for SIV

.’

alled out as 142 mv pip-

This level ¢
t pulse.

iven as +139% for 15 d:‘870 for second thru

Tolerance is ;
d +5% for all others.

fourth an

Phase shift measured at 2. 15 yrms.

Output per pulse.
Output set for 132 £7 mv/10 Dec puléeé-

Ny

Measured a; 4—450.

With no signal input to signal conditioner, output should be 2. 5 vdc

£0. 1 vdc. .
Levels gi\}en are-4. 5 for inphase and 0. 5 for = phase.
This level only for 16° max input. v
This level only for 7° max input.

l phase.

Levels given are 4.6 for inphase and 0. 4 for 7

B signals, SPS tested at 10 £ 0. 5 vdec with
2K load in series. :

o g

eTEM PS 2015000
L N
FISB ‘
15.2 15;4 +6% g’ 45“;‘#
- 4 TN i
15.2. 1 50- nﬁax. 3 4 ‘.2
. 20. 1K +2% 3 2-‘1
15_’3’ 0.014 + 6% 3.4.6.5
)
’
12 1 8 max %
4 2 3.4.6.1
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. MI101-01307-216 |
L PITCE TVC | E
L YAWTTVC i g
 SIGNAL CHARACTERISTICS S R f s6a,
w4 Veltage mvdc; 10 | pha
 PC Null : mv rms| 50 ! max,
< TanNoiRe. ' ohms| 2K {  max.
~ Output Impedance ohms| 20.1K | "12¢
. Output Load vdel 0.014 | =
~ - Quantization: ; e
:
. MH01-01324-216 _,
PITCH ATT. ERROR i
ROLI. ATT. ERROR ’
YAW ATT. ERROR : I
SIGNAL CHARACTERISTICS -4 Xy
Resolution (158. 2 sec) my rms| 13.:1 =
Phase Shift (at 1.8 vrms) deg/ 8 max,
Null Voitage mv rms} 056 max,
Output Impedance (Res) ‘.)hnlb".' 1000 max.
Output l.oad: Normal ohms| 40K +5% £+50
Minimum ohms| 30, 2K + 5% £ £50
Turn-on Transient: Voltage v rms/ 45 max
Time se¢ 5 max,
Reférence Voltage: v rms; 28 *5%
Frequencyv: With Syn cps! G600 t8 Cps
’ ; Without Syn cps 40 +45 }';.)s
Jac ’ . 2 .
Output Voltage: v I'ms
Normal (£16 7/8 deg) >, 1 max
Boost & Entrv (67 1/2 deg) 9.1 g
Quantization v rms/dep :
Normal (al) axig)l: D 2 £139
I)}BO?M ey ' (Roll only) ). 073 “.éui’}
bt o2 | (Positive S/C)| In-phas
/
‘ ;
|
i
|
|

oot
3,115;3
3,1 1528
40 1.8
31 e
3.1 6.12
2. 19
ff’._l_:},ll |
5.1 4 41
4.2.1.8 |

f

!
3.1.6.12 |
| |
% f
13.1. 6.12 |
:
’, !
i
i
| ,

+5. 4

20..1K
0.014

800

0.3

[n-phase

+6%
max,
423
+ 6%

1'5‘7,'(;
1l cps
<
max.

+13%,

0.013(D)
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‘ et T i . .
A | ) 2015000 $e ¥
f.evel Tolerance | Levcl Tolerance | pARa |
MH-01325-216 , ” :
PITCH TOTAL ERROR
RQI&I« TOTAL ERROR * /
1STICS , :
ks ,AIZ ©HARACTERIST . mv pms{150 , | max. : 1180 max. 3
mﬂ! Voltage my rms 33 max, 3.1 641 '1? ‘max. 3 : ig.
- Harmonic ‘ ohms|190+j150 | . ® 3 Mkt
i  Qutput Impedance 0 Q. £60°) ;(o 50 ' - g r
boe Function Error (at £30°, *459 10 1) <5° ? : & " i -
Phase Diff. b5 b b i ¥ d T -
1000 e
to : :
“sin out : e - 33 ¢ 4 |Imphase £F - % |
‘ o b it In phase E 31 g phase o 3 e
- 90° to 180° , e ‘o ' "
Btk oidt Il phase % 31 6 4 In phase | - _
cos out : #()ut-of- phasr - 31 6' 4 lOut- of - phaa*e - e g
Output Voltage: 5 %
~ Normal '~ : .
Vmusin(wwel)sin Ag v rms| 26 +10% 316 4 |18 38(F) itm% 3.4.10.6 Pi tm%
. Vnay €08 (Wi +82) cos Ag v rms|26 +10% 8.1 6 4 |18.38(F) {£10% 3.4.10.6 | 26 119'7»-
Backup ‘
Vimax Sin(wt +6;)sin Ag v rms|24.5 +10% 13.1.6.5 17. 38(F) +10% P ¥ 5 i :
Vmaxcos (wt+92)cos Ag v rms{24. 5 +10% 13.1.6.5 *]17.38(F) | £10% 2 " : 'd:f# g
Phase Shift | | y o T
gggz‘;l g:g’ T?z ::J '3 1.6 4 +6 | 5 L A k. . |
Output Load (Resolver) p 4 '3 1.6.5 |+12 ‘-*5 - » S o R
Normal : -
Primar - : B ' '.
4 ohms|Z  -310:15f0+]1970+10% 4 2. 1.3.1Z,,=310£15(,+;1970+10% 3.2.1
iy /:sof 375+15%+;2160+107 - 'Zso‘375*15f’°*J2150110% 3
b Backup gl 1K 5 § d1. 1K - - Si lﬂ
Primary i |2 ‘ )
o . ohms|Z  =300+20f+;1820:20% 4.2. 1.3.21Z,, -300+200+)1820+2 Y
SRRV EER | : 9D o A A o
% ‘ Soed ] SeCDﬂ A ZSO 1410120‘70*‘]7050”’20% Z30~122512p7°+j735*2 i 4‘ k2
. ) 5 ohms | 50K ¥ - 50K A A
e : 3 ' o . -—_
2l ’” : .
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MHO01-01328-216
SIGNAL CONDITIONER
SIGNAL CHARACTERISTICS
| High Level Analog
' Output Voltage
o Output Impedance
"~ G&N ON or OFF
o Over /Under Voltage
Event Measurement '
Qutput Voltage
Signal ON
Signal OFF A
b QOutput Impedance
" .+ 'G&N ON or OFF ..
Over/Under Voltage
B Signal Outputs s
e 2.5 vde TM Bias i o
S IMU 28 vrms, 800cps, 1%, 0 v (
b 3.2 Ke, 28vrms / vdc
AL SRS (D § VL vdc/vrms
£ 1G 1x cos vde /v rms
b MG 1x sin vde/vrms
MG 1x cos - vdc/vrms
| IGA Servo Error vde/v rms
& MGA Servo Error vde /vrms|
OG 1x sin vde/v rms,
3 OG 1x cos vde/v rms
¥ OGA Servo Error vde/vrms|
ight > %120 vde Pipa vde|
© Shaft CDUDAC |
&S gga.nnmn CDU DAC
G Pipe Temp, ek
o ' gue v CMC Opeg, . vde
F : ’“'gigﬁf”‘ Operate Discrete
s e ko vde
s mt.MO CPéy 1% vde
4 Qut . vde/vrms
% vic/vems

0 to 5 vde

5000
-1.5to+16

4.25

0.0

5000

‘-2 to+32

Level _  Tolerance

—— ]

max,
max.
max.
+0.75

30,35

max.
max,

1

000 60 50 65 60 59 0O 00 5O &8 L0 L0 60 OO L0 LI o W Lo W

Tolerance

-
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MH 01-01328-216

Signal Outputs
SCT Trun Tach Out
010 ST Shaft Tach Out
v A ’ IRIG Temp
' Pitch Att.. Error
Yaw Att. Error
Roll Att. Error
IMU Heater Cur. Discrete
IMU Blower Cur. Discrete
Trun. CDU Fine Error
- Shaft CDU Fine Error
* IG IX Resolver Out-Sin
’G‘G 1X Resolver Out-Sin

ﬁG 1X Resolver Out- -Sin
w ~U1344-216 i

aéuc DISCRETE INPUTS
M if Cage

- GN&C Auto Pilot Control
2l ,v ‘$/C Control Saturn
"Z'; Ay Volugg

Curront

sj c cmr 01, Saturn

IMU Cage & GN&C Auto amps |
!
amps

vdc /vrms$
vde /vrms
vde

vde /vrms

yde /vrms ‘

vde /vrms
vdc

vdce

vde

’ vde
vde /vrms
vdc /vrms

vde

-
-

28

0. 050
0.075

r

!
|
5
|

nome.

max.
max.

s o pS2015000 i
PA RA i pevel . Tolerance .
:
i i
|
:
3. 1.17 ll(G’ 0. 50 ‘_’_‘_0. 10
L.y, @ O 50 ok
RS, .o 10 b
rb., o4 | +129
Sl 0 0 =7
3'1.17 12(0) 0. 41 "ﬁlz%
. { g
ERRTITTE U Bt
3.1.17'2 i 4.4 '+0-5
18 L17.3 | 49 0. 4
3.1.17.9 14.6/0. 4(M)| +0. 4
3.0,17.9 |4.8/0.4(MD{+0.3
3.1.17. 8(8) 0.5 +12%
3.1.17. 8(6) 0. 5 +12%
3.1.17.5(G) 5.0 :1.,0
3.L17. 5(G) 8. 0 +1.0
13.1.17. 5(G) 2.8 +1. 0
3.1.17. 8(B) 0.5 +12%
S 4
3.L5.5 Set chamlel bit
3.1! 505
15, 55.5
4,2.1. 4.2 |
| 2 | 17,5

3. 4. 4'1
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| Level
MHO01-01380-216
CMC SIGNALS J
RCS Jets Output vdc| 0to +8
Voltage ma| 1
Current: 8?1: amp ; I(i
i . ON ohms .
Output Impedance: 8?}7 ohms| 0.5 meg
: Source Rise Time: Y .
. Neise Rejection: o
OFF: Pulse -amp. vdc 58?
~+  Pulse width on - B :
Pulse Rep rate pps 100
ON: Pulse amp 4 et
Pulse width m sec 1
Pulse Rep rate pps| 10
Discrete Inputs
Attitude Hold -
Free Drift -
Accept Uplink e
C/M- S/M Separate -
SIVB Separate -
Lift Off "
Ullage Thrust Present -
Data Good
Voltage: ON vdei{ 28
’ OFF vde| O
Noise Rejection:
! OFF: Pulse amp vi  +80
guise width msect 0.5
, uise reprate 5
ON: Pulse amp ppv ,lgo
Pulse width msec| 1
Pulse rep rate pps| 10

&
s bon

min. /max
max. |
max,
max,
min,
max.

max,
max,

max.
max,

+11
+2

max.
max.
max.
max.

.
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. . . .

craovoyOor O O

.

Lgroraron oo OV

www_wwww
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: D e
llHOi-Ol380-216
Attitude Signals From GDC
BMAG's
vde
Amplitude
Pulse width ,“SZ“
Backswing vac
: Droop (at 2 usec)
At Rise Time (10-90% of A)  MS€C
Delta angle (per pulse) deg
Rep rate pps
Qutput Impedance ohms
Output Load ohms
g Noise: ON vde
" OFF . vde
! Main Engne & Saturn Engine Control
T SIVB ON »
48 L BIVE, CUTOFF
SPS ON/OFF
. Amplitude .
My Ao Ourmnt: ON S
OFF pramp

Output Impedance: ON

OFF

ohm
ohms

——————————— ity vy

2to6

20%

0.5

0.1
640
100
200

0to +8

+3

! max
i

max
+8%

max

max
+10%

max.
!
i
i
(
' min/max
:
| max.
.
| max.

max.
min.

|
:}!

Within px%lse envelo
-4. 0 to+0. 4|

b

13,1.5.10.2

3.1.5.10.1
3.1.5.7 .
r.z.l. 1.2.4 26,8
RO

P

+3

1. UNIT p

PARA

3.1, 1. 20, 4.
fs.l.l. 16.10 |

3¢ 1; 1?“ . ,(’ ’ 7.'I'¢ 7' ‘, ::.',',
s.L L7 RN

s A 1 -5 A




W"‘l & -n-anslaﬂonal H/C

J%,L_ 3 Amputude' ON
: OFF

o
5

currcnt ON
ﬂutput Impedance:

ON: Rotation
| Translation

 OFF¥: Both

T e

%+ Master Clock

L4 Amplitude

Pulse Yidth

Zero shift (% of A)

Rise Time (10 to 907 of A)
Noise & Ripple

Frequency
Output Impedance
Output Load

Telemetry

Downlink Data
Amplitude

Pulse width (at A/Z).
Backswing

Droop (% of A at 2 sec)
Output Impedance

Output Load

Rise time (10 to 907 of A)
Noise: ON

Level
vde 28
VdC ‘5 to +2
g 10, 01
ohms 3. 9K
ohms | L. 95K
ohms K
vdce
E
L oyde 4 to 14
A8ec I 0,9
. 50%
usec 0.2
A% 0.2
K¢ 1024
ohms | 100
ohms 500
i
1
|
vde ! 7
Msec (2.5t0 6
v 8
; 15%
ohms | 100
ohms 500
pMsec | 0.2
vde
vde

o

e e e i Z

_|Tolerance

1

nom.

nom.

min,

' same as Main Engine

40,25

max.
max.
+2 PPM:

nomi. ‘B

i

nom.

+3

max.

max.

max.
+10%

max. *

. o
Sy g2 21
4_%&//;@«,9;. o
!.‘1.5_5
L2, ,4 2
: 510 *2
B2y, 39
e 1. 95K
A 100K
dLL2.2 ol
10,5
- 50%
| t 0.2
| 0.2
1024
T e
-
| |
| i
is.x 5.0.1 1 %
‘i 2.5t0 6
| A
% R
:

within puls.e envelope
4.0 to +0. 4

max.

| eyt sspir————

:
l

Tolerance

em——————————————— - -

+0. 25

| max.
max.
+2 PPM

nom.

3. LLED
!

$
?. 1,1.16.7

1
3.1.1.21

;
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MHO01-01380-216 . Level --—Jlfl‘uleranc%%/ M.LT | Tolerance | - ~PARA .
e 3.1 1.2
Wnnnk Start, End, & Syn Pulse ; 4.2, 4. 2.1 L :
~ Amplitude ol N L %5 | .0 FL;.u
Pulse Width (at A/2) prsec | 4.5 B 4.5 1.5
" Droop (% of A at 2 sec) 15% [ i 15%
‘Rise time (10 to 90% of A) JABeC P . YU, 0,2 max.
. Output Impedance ohms 100 i max.
o hms | 200 it ;
 Output Load : ' | nom ;
‘. Noise: ON vde within p ‘re envelope within pulge envelope
;/‘ OFF : vde -4, 0 to 10 | max. 4,0t0 0. 4 | k-
g / RW un & ; 3. 1‘ 5. 5 . s
i !
L R Start: Normadl pps 50 | 50 i
o Low j pps 10 “ 210 .
- End: Normal . pps | 50 , ' 50
Normal Kc 51. 2 ; 1 51, 2 } ;
3 | ‘
Lan . Ke 3.6 1 | L6 g 2
Pulses /burst 40 i l 40 e
| | -
A - i .
’;" i lau! Qtﬂ.ﬂ to ﬁrﬂt Byl’l /,uaec 19. 5 l +5 4
i Frogp Last Syn to End meee 1 19.5° | +5 ; ! ; n
% Dplink - | ? 1.5.8.1
e A ! ‘ 5. - g
tx; -5 » Ampl-itude Vdc E la 1 4 2 i 30 ln lv m' sl . £
| Pulse Width (at A /2) | o * T +1.0 3.1.1.16.10
e | | — AMBee - |26 | | 45 " .
300 Backswing ! A f it | ! [ 1L 5
) ~ Droop (% of A) | 4 ‘ max’, | ! : |
Rise time (10 10 9 RE S R ) 5 o B% | max
et T 0% of A)  usec ' ! | 0 ! .
B o2 Output Impedance L f o , -2 . max )
% ~ Output Load ohms 200 - max :
%/ Noise: ON . ohms 200 : nom. ; '
vde within pulse énvelope f W
vde ~4.0 to +0.4 max.
oy m 0. I m‘x _V“;’; (a,é
i v ’;rr
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157 i R ; P
_____ B Level - | Tolerance
’ F + —_—
| MH01-01380-216 | !
 Display Keyboard Iilumination f
- Main DSKY -,
ggm Numeries : ;
Y Keys ' !
~ Status Lights ! | '3
Caution Lights | $13.,
LEB DSKY :
Alpha Numeries i -
Y Keys j '"
Caution Lights ~
Status Liglgs e f
pimmer Contiro : {14 I max
Amplitude (800cps 8G. s \r,::’ ' max
Current J ' 4 2.1.4 1
Panel & DSKY Iil. LEB et "33 ' +4 3 o o
Amplitude ma 317.5 . nom. ;
Current (at 75v) s 400 {47 3
Frequency cp % : _‘
VA : R .' :
Pawes . w éo%ﬁq | miax |
Power Factor . N ; !
Noise: Modulation | 0.5% | L ‘
Transients (vrms) 5010150 :
Recovery Time msec 30 . !
P - ‘ g
MAIN DSKY KEYS ILL. - 1 4.21.4.1
. Amplitude ’ : (vrms) 115 4.3 ‘
Current (ma at 7.5v) =~ 17.5 #
Frequency (cps) 400 | 7
VA 1:99
Watts 0. 66 max
Power Factor i 0.350 v
Noise: Modulation (%) 0, 5
Transients (vrms) 50to 150
Recovery Time (mseec) 30
LEB Status & Caution ILL. : | z
Amplitude (vrms) 0.5 var. |
Current: Caution (amps) 0. 180 ;
! Status (amp) | 0, 225 ~
b Lamp Test (amps) | 3,1 max
Time (sec) | 30 max

i
:
:
]
-
:
i

Tolerance
ions
7}
% > *’ﬂ"‘ﬁn‘# ions
»
11 5 +4.3
i
400 £7

+4.3
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e S ——p——

Level TOlBPMQQ!‘ A
(vdc) | 28.3 P
(amps) | 4.2 max
(vde) | 3.75 +1. 5
A 8€ec 3 20.0 !
20
i W’ of gec| 0.2 1 max
| Time (10 to 90% of A) i
vdc | within pulge envelope
vde |-4. 0to+0. max
'
. !
' 1
| |
| |
!
l
I

o =
Tolerance
B




S .
T .
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oW | g
™ g T A -,_...-w—‘-—-—-'"'*'" et o ' i I, ‘tn\_\r ; gt 5 —‘_"T"——\ ‘ A '
cn S i - 15000 Rev. L e %
e A e St o e et AR, ‘_S}’STI;;M/PS. ke e W e 2 UNIT_PS 2016007
;_‘_,. ,V : £a ﬁ; _Ioleranc-e pA'R- ,,} Le VCl ‘Tolerance ; pARA ‘1 -L"":*w...e... o e
" ~WRA. TG Rt B e Sy
MI§01-01380-216 , ! : === | Tolerance
! ' & | ! ! e
Range rde | 1 | 43 - , : .
Amplitude b ; | 3.1
pulse width (at A/2) amec]’ 4 +2 | I‘ L1207 | b
Backswing Bl £ 0 4 S | | 311610, § ¥
Dl‘oop (r" Of A\) % ‘ 20) max. : i | ] 3.0 11
Rise time (10 - 90% of A) psec) 02 4 | 40% of A| s
Rep. Rate o SR ST | Lo | 15%@;“. max,
Lo O vde | within pulse envelope ' i . | 0 A max,
g ()i“f‘. vde |-4. 0to +0. 4 neLa ? | 3.22 max,
- | ' ' 0.4pip | :.? 2pps
MHO01-01386-216 f ‘ ! ‘ v | Anex.
G&N ATTITUDE ERROR 7 | T ; '; : | |
Amplitude vdc | 15, | max, | . B 5 &
Scale Factor v/deg| 0.3 | 6% : 3-1.6.1:7, R 6% ;' ;
Quantization vde/pulse| 0.014 | max | 91613 2 t ¢
Noise mv rms | 50 | max. ? P l }
(ull mvde| 10 Shomiie | SRR max. |
OQutput Load (at 800cps) ohms? (20. 1K£2%)j 250 : ;
Signal Phase 3 ; f’;-f-l’.l.fi 3 40. 2k '
] Vehicle Motion Clockwise ! Positive | + 9.1.6. 1 B
; o 4 |
: | |
| |
| |
c | '
' i ,
: a E
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MHO01-01327-2 16
SYSTEM POW ER INPUT

pC Power
Steady State
Variations

Bus ripple
Starting gimbal motors

Time duration 1 gec max
Switch 8/C batteries prior
to Delta V or Entry
Open circuit
Time duration 10),&
Power l.oads (watts
AGC
Operate
Standby
Optics
IMU
Qperate
Standby
Display & Control
: Peak Power (watts)
“AC Power
- Steady state
~ Variations:
50 msec max
. Fre e,

gec max

Max, Noml, Min

v
B/

-

r
25.8t031.8

:
!

524. 0to31.8

125. 8 to 32. 8
:

24 to+80 |
: .
|

100, 70, 54
122,15, 10
1132, 90, 64

258, 185, 132

168, 50, 8

70,40,20 |
700

111 to 119

50 to 150
105 to 125 |
. 400cps
400cps

0.75% max

4, 0% max

5% max

4% max
1.414

87

WECE B ———————

+7cps

Tolerance !

" —— pasiaidne g

= 15000 ¥
S~YSTEM fs _2.-0~ f :
& | Tolerance

m e t

cation

e i b A g P

ERLERE WECNEE A
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lCD__Section e

'g‘ Circuit

i Discretes
I TTCA
111 ACA
IV Engine
vl RR&LR

v

'A' Circuit

11 ACA

il i

e
LIS 370-10004D
LGC-LEM ELECTR

s i ——— ———————

. __..,.,...__._ .

1
»
& )
|
1

|
¥

RS LR

___.—-————-—-'-““""'—_‘H

ICAL IN I‘ERFACE

s G
e —————

_ Signal Che Characteristics

' Signat Level J
" " lO|
Noise Limits W i
1" " |0l
' Load Impedance ' (MIT)
" - " '0'
Source Impedance 'l' (GAEC)

1" " ]0' Y

Looad Description (MIT)

Impedance

Quantization
Linearity
Sample Rate
Source Description (GAEC)
Impedance
Out of Detent Indication
Null Voltage
Quadrature Voltage
Scale Factor
Fytue Shift
Linearity
- Excitation
Wx Voltage (virms)
- LGC Readout

e o bt St

1CD REQuIpy, \gNTS

28 +1l vde
0+ 2 vde
90 v, €0.5 mgec, (30

+50v, <10 mgec, 30 PP®

22K
22K

IK -+ 4K
Open

9K - 20K non-lin( 8K not

reading)
42 states/10 deg
+107% (3/4°8<0°)
5-8/sec

(21 +15%) * (425. 5 + 10%)

1-1/4 deg * 3/4 deg
(30 mv rmg ﬂeK 10“)
<20 mv rms (10K hﬂ)

2.8v

3«‘
0° + 100 max (10K W

5% .
PGNS 800 P8

i / L‘ o
——
e

PS 6015000 L
MEI DETAIL SPEC
PGNCS - LM

17.5 + 0.5 vde
ICD

pps

n
i

2K at 85°

30 mv rms
10 mv rms
2. 8v rn‘td +Q.14 v

-
— | TR R

Ps emeom b e
AGC SUBSYSTEM
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LIS 370-10004D
LGC-LEM ELECTRIC

e "

——

e —————

AL INTERFACE

i a——-~

1V Engine

ICD Section

Inc Throttle

{*¢' Circuit
I -y S e
.‘IV Engine

Engine On
Engine Off

DEC Throttle

Signal Characgerri’sgic_s_
Amplitude
width
Droop
Backswing
Rise Time
Repetition Rate
Noise Limits i
COO
Load Impedance 'I' (GAEC)
!0'

" "

n "

Source Impedance '1' (MIT)
lO'

Signal Level '1'

" " |0'

Noise Limits 'l'
H “ o'

Load Impedance 'l' (GAEC)
" ¥ '"“ ‘o‘

Source Impedance '1' (MIT)

8 o o'

Signal Level s ;
a3 " o

Noise Limits '[!
" R o

l&‘d Impedance ']'
' "VV '.

k ,‘;Vv\v ‘0'

ICDh
REQUIR g mENT®

™

—a iR

71:3\,

\ A
3+ lysec

20%

4 v

0.2 ysec

3.2 Kpps

Pulse E"Velope

+0. 4v/-4.0y

200

<20 ((2(; mh of yimr at

<100
<10 (10 mh of xfmrat 1/f)

3+ 2v
28 +llv 4
+50v, 0.5 msec, 50 pps
50y, 1.0 msec, 50 pps
15K |
15K
<3K
> 500K

—

» "\"\; /ﬂr——'
— A PS 6015000 1,

MEI DETAIL SPEC

PGNCS - LM

-l

ICD

1CD
1CD
ICD
1CD

ICD _t 1 pps

+0, 4v
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LIS 370-10004D 4
LGC-LEM ELECTRICAL INTERFACE
tics
A Slﬂ!}ﬁl C]'lal 8Cterls ISV BRI, - §
_ICD Section . {.==
licr cireuit
Signal Level '
v RCS ”g " lOl
Noise Limits g
" " lol
[oad Impedance 'l (GAEC
" " lol
‘Source Impedance 't" (MIT)
| '0‘
:
: ' i
LA} Qiepals g
'yvI RR&LR - Amplitude
'RR '1' & '0" - Width
: L TERM LD . Backswing
e . Rise Time
sk s
g A i Rebetition Rate
- Noise Limits 'l'
I‘.l ks " o
o i :
. Load Impedance 'l' (MIT)
fo " ‘0.
Source Impedance 'l' (GAEC)
\ ] Th 'Q’
- Timing
" ] Gate Strobe' - Reset Strobe
- Counter Gate Length

S Ff’ﬁ“ﬂ‘ - Gate Str

)

.

+50v, 0.5 mgec, 50 PP
~30v, 1.0 msec, 50 pps
22K

22K

(3K (1,<5 ma)

y500K (B+ 40vde)

7 i3v

4 +24s€C

4 v

0. quec

. 2 kpps (digital dm)

Pulse Envelope

+0. 4v »-4.0v

200 %
¢20 (<20 mh xfmr-?t”lm
<100 '

<10 (< 10mh sfmr atj_l;r)

2+025“¢

|

T
1

1

“\/“;5';015000 L.

MEI DETAIL SPEC
pGNCS - LM

4

PS8 2018007

AGC SUBSYSTEM

9.6 +0.5v (10 +v)

2K +10%

ICD

=! ICD

. e g e

ICD
1CD
ICD

't
Al i o esvss BRSNSy
: 6
2 t2v ‘ 3 abv
28 + llv

(o ¢ S
s A
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LGC - LEM ELE

i Sy g

LIS 370-10004D

CTRICAL INTERFACE

ICD Section

mrare oo

f_)_(' Circuit

vl RR & LR
~ q“*

X' Circuit

XI Altitude Metexis

4 %y 1

£
A 4
N A : L
3
)

‘
%

4
'

Siiml Characteristics

fn i ey P A 5

Y

Amplitude

Width
Droop
Backswing
Rise Time
Repetition Rate ke
Noige Limits 'l'
" " 'O'
l.oad Impedance "' (GAEC)
" " 101
Source Impedance 'l' (MIT)
' i
Amplitude
Width
Droop ' .. P
Backswing \ :!
Rise Time
Repetition Rate
- Noise Limits '’
i’f A g
Load Impedance 'I' (GAEC)
o, o gt
y Io‘
 Source Impedance '1' (MIT)
i " .9'

3 +0.54sec
20% \ '

4v °*

3.2 kpps :
Pulse Envelope
+0. 45 -4, 0y

65 iy
<10 (<10 mh)
<100

<10 (<10 mh)

7 +3v

3 +lysec
20%
4ves’

0.2 ¢sec
3200 pps

Pulse !Eifmﬂiﬂlae

+0. 4> 4.0V
200
<20 (<20 mt
00 L
<10 (10 mh)

e il

.//-’/-‘l"‘—
PS 6015000 L.

200 +10%

MEI DETAIL SPEC PS 20
PGNCS - LM
7+ 3v Ll
1CD ' oA
ICD |
ICD
ICD .,
3.2kpps +1 pps |
+0. 4v
200 +10%
. ¥
| AT b
ICD
ICD L
1cD ¥ P
ICD 5
ICD P
3.2 kpps +1 pps
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LIS 370-10004D Y o T | psBOIOOD L
LGC LLEM ELECTRICAL INTERFACE ICD BEQU‘*EMENTSA MEI DETAIL SPEC
ICD Section sxgnal éharacterlstxcs | e PGNCS - LM T
* § 'Y’ Circuit . G, e
By VII Telemetry | Amplitude Gk A ICD 2340, : vdc 2
Droop N/A | T W 1
g Backswing Ov ICD | v
Rise Timg 0. 3 4sec ICD ;
Repetition Rate 50pps, 2000pps syne (8t 51, 2 ICD I : T |
pps) |
i S ’ . 1t ! - s 3
' ; f\oxse L}mlts 1 | Pulse Envelope |
- ’ : : : 'O' E 0. 4 ""4\( . y 1 ” ,“} . _:1 :
' Load Impedance 'I' (MIT) | 200 . L s e R
!' " " o (20 ((20 mh) : .
!i Source Impedance 'I' (GAEC) ‘ 100 ICD
’ o 100 &y ‘ b+ Tl V £ :
a Timing E
1 o '
' Sync - Start Pulse Delay 1 19.5 + 5. 0¢sec iICDh
R , 5 :
: s '.mSyne - Stop Pulse Delay 19,5 +5,04sec ICD
g Data - Sync Pulse Delay ; (1. 04sec ICD
. i , A 55 .
VII Telemetry ' ‘ s ‘ :
: y ’ AmplitUde { 7 +2v .‘ ICD
Serial Digital | Width , - & D
<4 ' 4 + 1.2548€C 2 »6.48eC
B A 20% | T c
; S _ : i r CD
1 e i 4 kl\vi.ng * 6y :
Rise
1 ¥l 0.248€C
4 2 . £ m""':ﬁm Rate -, At bit syne freq.
| c oise Limitg ']
\ o T £ n ' " g Pulse Qflvi::pa
'."7. - “"»“am '1' (GAEC) 500 :
‘ 500
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1.IS 370-10004D

. et

'1.GC - LEM ELECTRICAL INTERFACE

W R
<0 r —
i
e
=y
N A
ey
v
- .
"‘ -
b8 S
-

ICD -Section

VII Telemetry
Master Clock

}

\
it
%.

!

v csw
i -t

‘
¢
?
!

Signal Characteristics

—

Amplitude

Width

Droop

Backswing

Rise Time

Repetition Rate

Noisq Limits 'l'

'.t " !

Load Impedance 'l' (GAEC)
" " !

Source Impedance 'l' (MIT)
1 § n tol

Signal Level 'l
IO'
Load Impedance 'l' (GAEC)
17" " |0l
Source Impedance 'l' (MIT)

G a o

Amplitude

e
i
|

0. 2lrsec .

1024 kpp. i3 Bom

' Pulse Envehpe

L 0.4 -4, Oy
120 +25% ° L
120 +25%

© <100

<10 ( 10 mh)

0 +2
28 +11

82K

94. 5K
Closure
- Open

7+ 3% A8
4 +lysec
20% °
g
1;(se'cn
| kpps
~ Pulse ET

Sheet 6

pPs 6015000 L

MEI DETAIL SPEC
PGNCS - LM

2 4v
ICD
ICD

ICD (15 min period)

+0.4 -6.0v
500 +10%

2. 5K +10% (1 amp)

I ps 2016007




F LIS 370-10004D
LGC - LEM ELECTRICAL INTERFACE

1CD Section

Signal Characte ristics

-—

L4

XI1I AGS
Initialization

Relal
VI RR&LR

Rehx
VI RR& LR :

LR Ant Pos CMD

| RR Auto Track

Timing
Bit Rate
Min time btn words

Amplitude
Width

Droop
Backswing
Rise Time
Repetition Rate
Noise Limit 'l'

IOI
Load Impedance 'l' (GAEC)
" it '0'
Source Impedance 'l' (MIT)
1" 1" ! .

Signal Level ']’

" "

lol

Load Impedance '1' (GAECQ)
lO'

Signal Level '}t
it " 1ot
Load lmp@danCe L

b3 N
ot

| Soures tmpedance 1y

(9.

=l 7T PS6015000 L
o REQUIRy; \pNTS

1.1 Kpps may
0.1 sec

T +3v

3 tl,qsec :

20%
4v

0. 2 4sec
51. 2 kpps (Digital)
Pulse Envelope
+0.4 > ~4.0v
500 +30%

20 (20 mh)

100

10 (10 mh)

26 thv

0 + 2v

22k
Open

4.3 tlv

0+1lv

10k

MEI DETAIL SPEC
PGNCS - LM

2k +10%

2k +10%

A
L o
- :
w
.
4
ol f o .
: ‘ u
|
¥ o
a e
~y “‘:
3 LA -ﬁ.—
L P G
Wit ;-
5 40 S
i & o A
X9
gt
1 -
s
. FE
&
2 - s
g e S
WA
i e
by M
3 v
- . "5
g,
% i A
i
S
» .
: .

| oo anaen
ps2q16013 |




L1S300-10002A (IRN -1) |
' AGS ELECTRICAL INTERFACE WITH PGNCS
‘ Signal Signal Charavtcristi_(_‘“sm‘
' CDU Zero Amplitude
LD J "
ANy Width
e o & Croop
ST ' Rise Time

Repetition Rate
Noise Limit '0'
Load Impedance
'4. : Source Impedance 'l'

Ty + AIG, £ AMG| Amplitude
+ Apg Width
e . Droop
e Rise Time
Repetition Rate
3 5 Load Impedance

Source Impedance 'l

| LIS 370-10008A (IRN's - 1,2)
Bk mncsm Rendezvous Radar Angle

’ Electrfnl Interfacp

‘7 .| Signal Characteristics
Phase Shift
Electrical Nulls

Load Impedance
Source Impedance

o

— e

#*10002 (IRN's -1, -2)
NS Lateral and Forward

e .

S 1;, S

.

3

gn ‘ij:aracteriatics

——— -

ICD REQUIREM

————

7 +3v
3 _+> 1
20

0. 5 ysee

ysec

>1-2 Kpps 4107,
0.4v/ ~4.0y

300 +109,
<100

7+ 3v

3 + 1 ysec

2070

0.5 4 sec

6.4 Kpps

500 + 10%
.<100

07 +10" ( 0.5V)
56 MV rms max
20K + 5%

IK J0© + 10°

i

—— a

-

ENTS

™ PS 60150001,

b

—

MEI DETAIL SPEC
PGNCS - LM

ICD
ICb
ICD

_+_4. Ov
1CD

e
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PS 6015000L

MEI DETAIL SPEC
PGNCS - LM

& #’
Bk LIS 350-10001 B

| LEM-PGNS ELECTRICAL INTERFACE FOR
‘I’O‘i&b ATTITUDE SIGNALS, A TTITUDE ERROR
sxcmu.s AND IMU CAGE SIGNAL

s;‘n.l Charactex istiecs : : i

; .
CD REQuig ; MENTS

e e

U S

Nk t i

r ‘ A }.Witude, o l 10V max

- &.ﬁcﬂc Factor - 13.18 MV/Bit
Phase Shift | 8° max (1. 8v rms)
Nulls . 56 MV rms |
Load Impedance | 20K + 5% A° ?
Source Impedance i 1K Max

MU Cage Voltage 28 vde
'. 6 B Current 0. 075 amp max (28v)




LIS-390-10002 A (IRNS-1, -2,
PGNS PRIME POWE
AND CHARACTERISTICS

3)

R REQUIREMENTS

. | SYSTEM CHARACTERISTICS

tandby On -

AOT HEATER

FREQUENCY

D,.C. SYSTEM VOLTAGES - 5

A.C. SYSTEM (AOT LAMP)
AT VOTTAGE = STEADY

teady State

MU OPER OFF
R, IMU OPER OFF
. IN OPER, IMU OPER ON

TRANSIENT VOLTAGES - AMPLITUDE

- WIDTH
. REPETITION RATE

STATE

WAVE SHAPE - SINUSOIDAL
. CREST FACTOR

. TOTAL DISTORTION
_ IND HARMONIC DISTORTION
TRANSIENT VOLTAGES .
PEAK (FROM TRANSIENT START TO 2. 5 ms)
VOLTAGE (AFTER 2. 5ms)
. RECOVERY TO STEADY STATE CONDITIONS
VOLTAGE SPIKES ON SINEWAVE

~ 90% RECOVERY

‘ mcig .EM ELECTRICAL INTERFACE

OFF, LGC OFF
IMU OPER ON

IMU OPERATE ON
1.GC ON - IN STBY, I
_IN OPE

1 50 ms

EE— ,?_ s gt

0.180 amp,

b———

-1 g 6015000 L

ICD :
REQUIRy. ENT® peNCS - LM

ATP 801

MET DETAIL SPEC INERTIA

L SUBSYSTEN

!

3

SRR P ——
1 MAX | waerg | MAX | NOM

? ——— \,E]- iw/"" e

;; 5v | aeen | .d8e]ICD 28+1v

iti';'? | Wy | 235 b |

(23-5° 1988 | 248 1D |

132.9 | 38§ | 238 33.5 ’

'{'i 5 28y | 3.5 | 335 l

§:33' N 28v 23.9 3* :)

&, 9 28v g 33, ¢

I $50v l B | 239

:1” sec

|10 pps

j 118 3 B_SVrmé

| 400 £ 10 cps

!

!

{1.41 £ 0.1

- 5% Max

! 4% Max

| 225v
144 - 188v
{10v peak
{0. 25 m sec

:

o

len
i

24
24

3 ————

' i

i =S R P

14v Max
800 cps

115v + 2. 5V

20 —» TOV

115v

17. 5 mamp

(0. 66 watts

(same as

2 5.9 5
0. 225 amp/disPIaY |

-8 e 5.8V G o
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LLEM-PGNS 800 CPS P
INTERFACE

e R e e

4

i i m————

‘SYSTEM CHARACTERIST ICS

'S - VOLTAGE
NORMAI CONDITIONS - ;gEQUENCY

| - VOLTAGE
DEGRADED GONDITIONS - Y0 ot ey

MAX LOAD :
PGNS TURN-ON (for 12 gecs)

V-

7
7

800 * 0.5% j
28 + 5% y ?Ph

o0
W

<H

28 + 2%

M
-

sy rms

ms
t 40 eps
awts
6 vrms (12 sec!

i ——————
s !

6015000 1.
MEI DETAIL SPEC
pPGNCS - LM

PR

Icn
300 + 1 cps

(45 (for 5 sec)

’ ’ ——v—-m-vn__“__‘Qm_'hg L. ;

ATP 601 5497 K

28 £ 0. 42 vrms
3

i 3 T §




