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ABSTRACT

Flight Control Computer (FCC) 0104-I has been designated
the prime unit for the SA-210 launch vehicle, This report documents
the results of the Final Flight Simulation for FCC S/N 0104-I; these
results verify satisfactory implementation of the design release and
proper interfacing of the FCC with flight-type control sensor elements

and simulated thrust vector control system.
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Section 1

INTRODUCTION

1.1 MISSION DEFINITION

The Saturn IB launch vehicle is a two-stage booster consisting of the S-IB
and S-IVB stages. 1Its purpose is to insert into Earth orbit an Apollo
Command and Service Module (CSM). The Instrument Unit (IU) and asscciated
control system components are located atop the S-IVB stage.

Located within the IU, the Flight Control Computer (FCC) is responsible

for controlling the flight path and providing vehicle stability during lift-
off, 5-IB boost, S~IVB boost, and S-IVB coast. FCC S/N 0104-I has been
designated the prime uwmit for the SA-210 launch vehicle - the wvehicle which
will £fly the ASTP mission.

1.2 FINAL FLIGHT SIMULATION OF FCC S/N 0104-1

1.2.1 Purpose -

Final flight simulation is a comprehensive testing routine developed to
verify satisfactory implementation of the FCC design release and proper
interfacing of the FCC with flight-type control sensor elements and simulated
thrust-vector control system. This testing routine is followed for each
design implementation or design or component change in the FCC.

1.2,2 Authorization

The checkout of FCC S/N 0104-1 was performed in accordance with IBM
responsibilities as defined in Appendix 9 of Contract NAS8-14000. The Simu~-
lation Laboratory tests were based on the "Final Flight Simulation Plam
(AS-205 Control Computer Checkout Document)" submitted by MSFC (SSE-ASTR-FD)
and specific tests agreed upon by S&E-ASTR-FD and IBM., The tests were pri-
marily directed to an assessment of the flightworthiness of the FCC from the
viewpoint of control engineers.

1.2.3 Specific Tests

An FCC is subjected to a series of tests (simulation verification) to
determine what deviations, if any, exist between predicted and actual com-
puter performance. The following test requirement checkoff list was developed
for FCC S/N 0104-1:

e Static null, noise and null drift (S~IB and S-IVB)

e Maximum noise characteristica with 28-volt power
supply variations (8-IB and S-IVB)

i-1



Switchpoint utilization (8-IB and S5-1IVB)

G, versus time (C.A.T., profile) (S-IB)

2

Spacecraft, attitude error channel gain change (S-IB and
S-1VB)

Gain, linearity, mixing and polarity (S-IB and S-IVB)

Saturation (magnetic amplifier, S-IB; servo amplifier,
5-1VB)

Magnetic amplifier frequency responses (S-IB)

Open~loop channel frequency responses (S-IB and S-IVB)
Charnel common mode (S-IB and S—-IVB)

Crogs—axis coupling (S-IB and S-1VB)

Nyquist frequency responses and closed-loop transients:

- §-IB T=0 sec P/Y (Nyquist)

- §-IB T=80 sec P/Y (Wyquist and transient)

- S-IB T=120- sec P/Y (Nyquist and transient)
- S~IB T=140.6 sec P/Y (Nyquist)

- 8-IB T=0 sec Roll (Nyquist and transient)

- 8-IB T=140,6 sec Roll (Nyquist and transient)
-~ §-IVB T=18.9- sec P/Y (Nyquist and transient)
- S-IVB T=200- sec P/Y (Nyquist and transient}
- S-IVB T=300 sec P/Y (Nyquist and transient)

Wind transient response (S-IB)

Simulation Laboratory control sensor frequency responses

5-IVB APS system test:

~ Spatial amplifier deadband and polarity (IU and S/C)
~ 8patial amplifier operational characteristics:

On-time

Pulse width

Pulse frequency
Threshold and full-on

- Chamnel time delay

— 18 Bz attitude rate gpatial filter frequency responses



1.3 RESULTS

This report is the collection of test results of the final Flight Simulation
for FCC S/N 0104-I as outlined in the checkoff list. IBM testing began 19
November 1974 and was completed 29 January 1975. The test data presented
in this document was reviewed with MSFC (S&E-ASTR-FD) representatives on

29 January 1975,

1.4 CONGLUSIONS

A detailed analysis of the checkout results for FGC S/N 0104-I led to the
following conclusions:

e A proper interface of the FCC with SA-210 flight-type
control sensor elements and thrust vector control system
will be accomplished.

® An acceptable implementation of the design release was
accomplished in the FCC.
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Section 2

FCC S/N 0104~I TEST RESULTS AND ANALYSIS

TABUILATION

Table 2 outlines the results of the tests performed on FCC S/N 0104-I

S-IB STAGh

. The

table serves as a ready guide to the following pertinent areasy

® Location of the specific test results.

¢ Statement as to whether IBM considers the FCC acceptable or unacceptable

for flight.

¢ Reference to the location of further analysis on a given test.

Test Performed Results Acceptable Analysis and Comments

(Page No.)
Magnetic Amplifier Null and 2=7 Yes All magnetic amplifier null and null drift values
Null and Drift (Powexr Supply D-1 were acceptable. The maximum null was +56 mv in
@ 28 vde)

the 4Y mag amp with the FCC on for 30 minutes and
the C.A,T. @ 70 seconds (spare inverter). The
worst case null drift over a 3~hour period was ~-83
mv in the 4Y mag amp with the C.A.T. @ 0 seconds
(prime inverter).

TABLE 2, RESULTS AND ANALYSIS OF FCC S/N 0104-1, S-IB STAGE




Test Performed Results Acceptable Analysis and Comments
(Page No, )

ALLIVO H0O0d 40
ST @DV TV NIDIIQ

Magnetic Amplifier Noise 2-7 Yes All magnetic amplifier noise levels were acceptable,
(Power Supply @ 28 wvde) D-1 The maximum noise characteristic was 20 mvp~p in the
4Y mag amp with the FCC on for 30 and 210 minutes
and the C.A.T. @ 70 seconds (prime and spare
inverters).

Magnetic Amplarfier Noise with c-1 Yes Magnetic amplifier noise caused by 28-volt power
28-volt Tower Supply supply variations was within acceptable limits,

Variation The maximum noise characteristie was 58 mvp-p in
the 1Y mag amp with a 24,200 vdec power supply setting
and the C.A.T. @ 70 seconds (spare inverter).

Channel Cross Coupling 2-11 Yes Cross coupled signals were within the 125 mvp~p
guideline at all test frequencies with attitude
error inputsj; the worst case was 61 mvp-p with a
P input coupling into the 4Y mag amp., No cross
coupled signals were observed with attitude rate
and lateral acceleration inputs,

Channel Common Mode 2-=17 Yes Prominent common mode signals exceeding the 380
mvp-p guldeline were present with the following
input signals:

Yp — 468 mvp-p at 15 Hz in the 1P mag amp
¥p = 455 mvp-p at 20 Hz in the 4P mag amp
Yy — 520 mvp~p at 15 Hz in the 1Y mag amp
¥y - 490 mvp-p at 15 Hz in the 4Y mag amp
¥p ~ 405 mvp-p at 30 Hz in the 1P mag amp
¥y = 453 mvp~p at 20 Hz in the 1Y mag amp
y 415 mvp-p at 20 Hz in the 4Y mag amp

0938000
=
A

~
o
I

This is considered an acceptable condition over the
15 to 60 Hz range, since the expected TVC attenua-
tion is 20 db. Common mode signals were within
acceptable limits with roll attitude error and
pitech, yaw, and roll attitude rate input signals.

TABLE 2, RESULTS AND ANALYSIS OF FCC S8/N 0104~L, S-IB STAGE
{Cont'd)



Test Performed Results Acceptable Analysis and Comments
(Page No.)

Magnetic Amplifier Linearity 2-27 Yes All magnetic amplifiers summed correctly and were

and Signal Mixing linear throughout the design operating range for
various levels of bilased attitude errors or lateral
accelerations combined with ramped attitude rate
inputs.

Magnetic Amplifier Linearity 2~47 Yes All magentic amplifiers saturated in excess of +12

and Saturation ma when driven through the BrB winding with a ramp
input and were linear throughout the +i2 ma range.

Magnetic Amplifier Relative 2~48 Yes Polarity convention for each of the magentic ampli-

Polarities fiers was correct as determined from the Linearity/
Mixing plots and the Switchpoint Utilization plots.

Static Control Gains 2-49 Yes The AO’ A., and G, gains were all within the 4%
tolerance. Worst case deviations were:

. by - +0,974% in the 4P mag amp with a Yr
input at SP #0 .

@ Al ~ 4+0.865% in the 4Y mapg amp with a ¢r
input at SP #2

] G, - +2.475% in the 4P mag amp with a¥p
input (C.A.T. max)

Switchpoint Utilization A=l Yes Switchpoint gain changes were implemented correctly
when the relays were energlzed. Graphical repre-
sentation is given for a fixed level of input in
each channel.

Spacecraft Control B-1 Yes The FCC honored the spacecraft attitude error inputs

in the $-IB burn mode, and the correct A_gain

changes were made when switching from IU to §/C
control,

TABLE 2
{Cont'd)

RESULTS AND ANALYSIS OF FCC S/N 0104-1, S-IB STAGE
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Test Performed

Results
(Page No.)

Acceptable

Analysis and Comments

Open-Loop Channel Frequency
Response )

Magnetic Amplifier Open-Loop
Prequency Response (Bode)

Nyquist Frequency Response

Closed-Loop Transient
Responses with a Step
Forcing Function

2-50

2-149

2=130

2-165

Yes

N/A

Yes

Yes

The rxesponses taken were acceptable with mnor de-
viations from theoretical values accounted for by:

Magnetic amplifier peaking in frequency response
Rate gyro frequency response

Inadequate calibration of the "signal analyzer"
Noise

Channel common mode

® 0 6 8 C

A number of frequency responses deviated noticeably
from theoretical at frequencies of 20 Hz and above.
The primary contributor to these deviations is chan-
nel common mode. In a system configuratiom, the
attenuation provided by the TVC system can be expec~
ted to reduce the peaking seen in the Sim Lab to
acceptable levels,

The fF_ input windings were used to obtain frequencs
responses of the magnetic amplifiers; this informa-
tion was to be used in analyzing the channel open-
loop fregquency responses. However, since no
correlation exists between the magnetic amplifier
and chaunel open~loop frequency responses, the
magnetic amplifier frequency responses are included
for information purposes only. '

The Nyquist responses were acceptable, Deviations
from the theoretical could be explalned upon
examination of:

o The Bode frequency responses
o The sensor frequency responses

Hardware (FCC in the loop) closely matched the total
simulation runs. The transients with hardware in
the loop were well behaved in response to a 2-degree
step attitude error input,

A

TABLE 2.
(Cont'd)

RESULTS AND ANALYSIS OF FCC S/N 0104~I, S-IB STAGE



Test Performed Results Acceptable Analysis and Comments

|(Page No.)
Closed~Loop Transient 2-172 Yes Hardware runs closely matched the total simulation
Response with Wind as a runs. The responses with hardware in the loop were
Forcing Function well behaved.
G2vs. Time 2-181 Yes The C.A.T., timing, gains, and relative polarities

for each mag amp werxe correct.

RG/GSP and Accelerometer E—1 N/A Frequency responses for the Sim Lab RG/CSP subsystem

Frequency Response (Bode)

and Control Accelerometers are included for informa—
tion purposes only. Ses Appendix E for additional
comments.

TABLE 2,
(Cont'd)

RESULTS AND ANALYSIS OF FCC S/N 0104~I, S-IB STAGE




2,2 RESULTS

2.2,1 The results of the S-IB Stage study are presented on the following pages.
To assist In the interpretation of the results, the following vehicle orientation
is used.

P

S§~IB STAGE (AFT)
ACTUATOR LAYOUT

ORigny
 Roog, erjf@ I



Prime Inverter

NULL AND NOISE

C.,A. T, @0 Seconds
SW. SERVO AMP
pr.| MEASUREMENT 1» [ 2P | 3p | 4p | 1y | 2y | 3y | av
30 min, Noise (mv p-p)| 14 10 8 9 11 11 9 12
210 min, Noise (mv p-p)| 14 10 9 g 11 10 8 14
% 130 min. Null (mv) 15 | +45 | -1 | 423 | +6 | +29] +18 | +40
210 min, Null (mv) =17 | +16 +6 | +16 -13 -18}1 +18 -43
3 hr. Drift (mv) -2 ~-29 +7 -7 -19 ~47 0 -83
30 min. Noise (mv p-p}| 14 i0 8 9 10 12 9 13
210 min. Noise (mv p-p)| 14 10 9 9 11 11 7 14 |
2 130 min. Null (mv) -15 | +46 | -1 {423 | +6] +20] +13 | 434
210 min. Null (mv) -17 +14 +6 +15 -14 -19] +13 ~46
3 hr, Drift (mv) -2 -32 +7 ~8 -20 -48 0 =80
30 min. Noise (mv p-p)| 14 8 8 8 9 10 8 12
210 min, Noise (mv p-p)l 12 10 9 1. 9 10 11 T 10
3 30 min. Null (mv) -15 +46 -1 | 421 +3 +28 1| +10 +26
210 min., Null (mv) -15 +14 +6 | 415 -15 -19§F 49 ~-52
3 hr. Drift (mv) 0 -32 +7 -6 -18 ~47 -1 -78

Data Recorded: 1/6/75
NOTES: (1) Mag amp output impedance = 100 £ ; signals recorded at J9

telemetry output.

(2) Peripheral sensors powered off.

(3) Specifications:

e Null £ 90 mv

o Null drift < 135 mv over a 3-hour period.
@ Noise 100 mv p-p for each servo amp and 60 mv p-p

average for each axis at frequencies X 30 H=z.

FCC 8/N
STAGE
Sl P. #

0104-I
S-IB
0,2,3




NULL AND NOISE

Prime Inverter
C.A.T. @ 70 Seconds

W SERVO AMP
PT. MEASUREMENT 1ip | 2p l3p lap | 1y | 2y { 3¢y | 4y
30 min. Noise (mv p-p)| 17 10 10 14 16 12 11 20
210 min. Noise (mv p-p)| 18 11 11 12 151 12 9 20
9 {30 min. Null (mv) 214 | 422 | -2 | 425 | 412|432 | <24 | 448
210 min. Null (mv) -15 +15 | +b +17 -7 1 -15 +23 -30
3 hr. Drift (mv) -1 =7 | +1 -8 -19 | ~47 -1 -8
30 min. Noise (mv p-p)| 1T 10 9 14 16 | 12 11 20
210 min. Noise (mv p-p)| 18 11 § 11 12 14 | 12 g 20
2 1'30 min. Null (mv) 214 | 422 ] -2 |45 | «11 431 | 418 | 442
210 min. Null (mv) -15 +14 +9 +17 -8 | ~15 +19 -34
3 hr. Drift (mv) -1 -8 | +7 -8 -19 | -46 +1 -76
30 min. Noise {mv p-p)| 17 10 9 14 16 12 11 20
210 min. Noise (mv p-p)] 18 11 11 12 14§ 12 9 20
> | 30 min. Null (mv) 14 | 422 | -2 | 425 | 10431 | 416 ] 437
210 min. Null {mv) ~-15 +14 +5 +17 -9} -15 +16 ~38
3 hr. Drift (mv) -1 -8 +7 -8 -19 | ~46 +0 =75

Data Recorded: 1/6/15
NOTES: (1) Mag amp output impedance = 100 {; signals recorded at J9

telemetry output.
(2) Peripheral sensors powered off.

{3) Specifications:

o Null £ 90 mv

¢ Null drift < 135 mv over a 3-hour period.

o Noise X100 mv p-p for each servo amp and 60 mv p-p
average for each axis at frequencies <30 Hz.

FCC S/N  0104-1
STAGE S-1B
S.P. # 0, 2, 3




Spare Inverter
C.A.T. @0 seconds

NULL AND NOISE

W, SERVO AMP
pr,] MEASUREMENT 12 {22 | 3p |ap | 1y | 2y | 3y | 4y
30 min, Noise (mv p-p)| 14 10| 8 9 12| 10 9 i6
210 min. Noise (mv p-p)| 13 10 8 9 111 10 8 14
0
30 min, Null (my) -12 +45 | +7 +22 +4 | +38 +22 +40
210 min. Null (mv) 16 | +11 j+13 | 413 -14 | -11 +16 -37
3 hr, Drift (mv) -4 -34 +8 -9 -18 1 -49 -6 =17
30 min. Noise (mv p-p)]| 14 8 8 9 11 10 9 15
210 min, Noise (mv p-p)] 13 10 8 9 11 10 7 14
2 | 30 min. Null (mv) 12 | 24 | +7 [+22 | 2482 [ 417 435
210 min, Null (mv) -16 +10 {+12 +13 15| -13 +11 -42
3 hr. Drift (mv} -4 -34 | +6 -9 =17 | ~50 -6 =77
30 min. Noise (mv p-p)| 13 8 8 8 11 ] 10 8 12
210 min. Noise (mv p-p){ 13 11 8 9 10 10 7 14
3 30 min. Null (mv) -11 +44 +1 +22 +0 { +37 +13 +28
210 min. Null (mv) -16 +9 | +12 +13 -17 | -14 +8 -46
3 hr. Drift (mv) -9 -33 +b -9 -17 t -b1 -5 =74

NOTES: (1)
(2)

(3)

Specifications:

¢ Null £ 90 mv

@ Null drift< 135 mv over a 3~hour period.

e Noise X100 mv p-p for each servo amp and 60 mv p-p
average for each axis at frequencies £ 30 Hz,

Peripheral sensors powered off,

FCC s/N
STAGE
S-Po #

0104~I
S-1B
0,2,3

2~9

“Data Recorded: 1/6/75

Mag amp output impedance = 100 §; signals recorded at J8
telemetry output.



NULL AND NOISE

Spare Inverter
C.A.T. @ 70 Seconds

sw SERVO AMP
PT. MEASUREMENT 1wp | 2p [ 3p |4ep | ay | 2y | 3y | av

30 min. Noise (mv p-p)| 18 9 | 11 12 17 | 12 10 20

210 min. Noise (mv p-p)| 20 11 | 10 12 17 ] 14 12 20

% { 30 min. Null (mv) A1 | +45 | +7 | +24 | 413 [420 | 420 | 456

210 min. Null {(mv) ~15 | +12 J+14 | 412 -5 1 -6 | 124 | -24

2 hr. Drift {mv) -4 -33 +7 ~-12 -18 | -26 -5 -80

30 min. Noise (mv p-p)| 18 8 | 11 12 17 12 10 20

210 min. Noise {mv p-p)| 19 11 9 12 17 13 13 20

2 130 min. Null (mv) “11 | 444 | +6 | +24 | 411 [418 | 424 | 449

210 min, Null (mv) <15 +11 1414 +12 -6 -7 +19 =29

3 hr. Drift (mv) -4 -33 +8 -12 -17 { -25 -5 -78

30 min. Noise (mv p-p){ 18 8 | 10 12 15 | 12 10 18

210 min, Noise (mv p-p)j 18 11 10 12 17 13 12 20

% | 30 min. Null (mv) 211 | 44 | +6 | +24 | 410 |+18 | 422 | 445

210 min. Null (mv) -15 +11 |+13 | +12 -8 | -7 +16 -33

3 hr. Drift (mv) -4 33 | +7 -12 -18 § -25 -6 =78

Data Recorded: 1/6/'75
NOTES: (1) Mag amp output impedance = 100 2; Signals recorded at J9
telemetry output.
{2) Peripheral sensors powered off.

(3) Specifications:

© Null £ 90 mv

e Null drift< 135 mv over a 3-hour period.,

e Noise <100 mv p-p for each servo amp and 60 mv p-p
average for each axis at frequencies £ 30 Hz.

FCC s/N 0104-1
STAGE S-
S.P. # 0, 2, 3

2-10



CROSS COUPLING

FREQUENCY (Hz)

SERVO AMP CUTPUT (mv p-p)

Driven: 1P 1Y 2Y 3Y 4Y
0.05 0.1, 0.6,

0.8, 0.9, L0, - 0 0 0 0
L1, 1.2, L3,
1.4, 1.5, 1.6,

L7, 3

5 2450 2 0 1 4

6 2500 5 2 3 6

7 2550 6 2 3 9

10 2430 13 5 T 17

15 2500 20 12 10 28

20 2500 30 14 10 45

30 1270 31 24 7 43

40 800 35 33 7 61

50 930 48 34 24 52

60 960 54 27 30 36

Data Recorded: 12/6/74

NOTES: (1) Mag amp output impedance = 1000.
(2) Cross coupled signal does not include noise.
(3) Maximum input signals

e y=10v,9v=12+v, or¢ = 45 v,

e Or whenai = 12 ma or R

{(4) Guideline:

o Cross coupling 2125 mvp-p at mag amp.

Engine

FCC S/N
STAGE
CHAN
S.P.#

0104-I
S-1B

¥ pitch
0

2-11

= 7.5 deg.




CROSS COUPLING

SERVO AMP QUTPUT (mv p-p)
FREQUENCY (Hz) I iven: 1Y | IP 9P 3P 4P
0.05, 0.1, 0.6,
0.8, 0.9 1.0, - 0 0 0 0
1.1 1.2, L3,
1.4, 1.5, 1.6,
1.1, 3
5 2500 2 0 0 2
6 2430 5 0 0 3
7 2400 5 2 2 5
10 2450 9 2 5 9
15 2400 19 3 i 16
20 2480 25 5 10 20
30 1060 27 5 9 22
40 788 34 3 12 28
50 904 33 1 12 .28
60 920 23 5 T 23
Data Recorded: 12/6/74
NOTES: (1) Mag amp output impedance = 100%.

(2) Cross coupled signal does not include noise.
{3) Maximum mmput signal:

o¥=10v,¢=12v,orc§:=45v.
¢ Or whenAi=12maor g . = 7.5deg.
Engine

{4} Guideline:

e Cross coupling €125 mvp-p at mag amp.

FCC S/N 0104-I
STAGE S-IB
CHAN ¥ Yaw
S.P.# 0

2-12




CROSS COUPLING

NOTES: (1) Mag amp output impedance = 1008.
(2) Cross coupled signal does not include noise.

(3) Maximum input signal:

o ;:101!,41:12-\.?, ora>=45v.

© Or whenii =12 ma or g

{4) Guideline:

@ Cross coupling <125 mvp-p at mag amp.

Engine

FCC S/N
STAGE
CHAN
S.P.#

0104-T
S-IB
% Pitch

2-13

= 7.5 deg.

SERVO AMP OUTPUT (mv p-p)

FREQUENCY (Hz) [Fp——""77 1Y 2Y 3y 4y
(0.05, 0.1, 0.6)

0-8’ 0093 1,’

1.1, 1.2, 1.3,

1.4, 1.5, 1.6,
< 1.7, 2, 2.7, - 0 0 0 0

3, 5, 7,

10, 15, 20,

30, 40, 50,

\ 60 /

Date Recorded: 12/6/74



CROSS COUPLING

SERVO AMP OUTPUT (mv p-p)

FREQUENCY (Hz) [Hiigen: 17 1P 2D 3p D)
(0.05, 0.1, 0.6)
0.8, 0.9, 1,
1.1, 1.2, 1.3,
1.4, 1.5, 1.6,
< 1.7, 2, 2.7,) - 0 0 0 0
3, 5, 7,
10, 15, 20,
30, a6, 50,
\ 60 /
Date Recorded: 12/6/74

NOTES: (1} Mag amp oulput impedance = 100%.
(2) Cross coupled signal does not include noise.
{2} Maximum input signal;

0;:10v,¢l=12v,0r$=45v.
® Or whendi =12 ma or g . = 7.5 deg.
Engine

(4) Guideline:

@ Cross coupling 125 mvp-p at mag amp.

FCC S/N 0104-1

STAGE S-IB
CHAN b Yaw
S.P.# 0

2-14



CROSS COUPLING

C.A.T. @ 70 Seconds

SERVO AMP OUTPUT (mv p-p)

FREQUENCY (Hz)

Driven: 1P 1Y 2Y 3Y 4Y
/0.01, 0.06, 0.1,
0-6,' 0-8, 0'9:
1, 1.1, 1.2,
1.3, 1.4, 1.5,> - ) 0 0 0
< 1.6, 1.7, 3,
6, 8, 10,
15, 20, 30,
\40, 50, 60

Date Recorded: 12/6/74

NOTES: (1} Mag amp output impedance = 100%.
(2) Cross coupled signal does not include noise.
(3) Maximum input signal;
o ;: 10 v, v =12 v, or$=45v.
® Or when4i =12 ma or g = 7.5 deg.
(4} Guideline:

@ Cross coupling 2125 mvp-p at mag amp.

FCC S/N 0104-1

STAGE §-IB
CHAN Pitch
SaP:# .B
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CROSS COUPLING

C.A.T. @ 70 Seconds

SERVO AMP OUTPUT {mv p-p}

FREQUENCY (Hz) piiven: 1v 1P 1 2P 3P 4P
/0.01, 0.06, 0.1,

0.6, 0.8, 0.9,

1, 1.1, 1.2,
< 1.3, 1.4, 1.5,> - 0 0 0 c
1.6, 1.7, 3,

5, 8, 10,

15, 20, 30,

\ 40, 50, 60 /

Date Recorded: 12/6/74

NOTES: (1) Mag amp output impedance = 1000.
(2) Cross coupled signal does not include noise.
(3) Maximum input signal:

e y=10v,¢p =12+, or&: = 45 v,
© Or whenaAi = 12 ma or 8 . = 1.5 deg.
ngine

(4) Guideline:

e Cross coupling <125 mvp-p at mag amp.

FCC S/N 0104-1
STAGE S-18
CHAN ¥ vaw
S.P.# 0

2-16




COMMON MODE

SERVO AMP OUTPUT (mv p-p)
FREQUENCY (Hz)
1P 2P 3P 4P
0.05 6 1 2 5
0.1 T 2 2 6
0.6 22 T 1 21
0.8 29 9 12 28
0.9 35 1 15 32
1 38 11 16 33
11 40 12 17 36
1.2 45 10 18 38
1.3 46 1 20 42
1.4 b4 11 22 46
1.6 55 12 22 48
1.6 56 i3 23 52
L7 62 14 24 54
3 108 19 38 91
3 173 33 66 150
6.5 218 40 84 188
(4 230 42 88 200
10 320 62 120 260
15 468 94 170 380
20 610 133 198 455
30 790 200 248 550
40 880 183 320 650
50 870 166 340 660
60 860 152 340 640

Data Recorded: 12/10/74
NOTES: (1) Mag amp output impedance = 100 {2,
(2) Common mode signal does not include noise.
(3) Input signal = 5 v peak.
(4) Guideline;

® Common mode < 380 mvp-p at mag amp.

Fcc s/N 0104-1
STAGE S-1B
CHAN ¥ Pitch

S.P. # 0
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COMMON MODE

-

SERVO AMP OUTPUT (mv p-p)
FREQUENCY (Hz)
1Y 2y 3Y 4Y
0.05 6 1 3 6
0.1 6 3 3 T
0.6 27 10 11 26
0.8 36 13 13 34
0.9 38 14 15 31
1 40 16 16 42
1.1 50 20 17 48
1.2 53 21 19 50
1.3 58 22 20 54
1.4 62 24 21 60
1.5 66 26 23 62
1.6 72 28 24 67
1.7 T2 29 26 Tl
3 129 94 47 120
5 2056 8" 76 194
6.5 264 113 a5 250
7 280 120 103 262
10 365 155 143 360
15 520 220 198 490
20 650 280 233 600
30 820 362 283 730
40 860 370 319 800
50 860 362 325 800
60 820 342 320 790

Data Recorded: 12/10/74
NOTES: (1) Mag amp output impedance = 100 Q.
(2) Common mode signal does not include noise.
(3} Input signal = 5 v peak.
{4} Guideline:

® Common mode < 380 mvp-p at mag amp.

FCgC S/N 0104 -1

STAGE S-1B
CHAN ¥ Yaw
S.B # 0
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COMMON MODE

SERVO AMP OUTPUT {(mv p-p)

FREQUENCY (Hz) 1p op 3p 4P
0.05 0 0 0 0
0.1 0 0 0 1
0.6 1 0 1 3

1 2 1 3 4
3 2 3 4 9
5 4 3 (f 13
6 5 4 8 14
.1 6 5 8 15
g g 6 11 20
10 11 T 12 22
15 19 15 20 30
20 30 23 31 46
30 48 40 34 41
40 39 . 29 22 23
50 38 25 11 19
60 34 23 1 20

Data Recorded: 12/10/74

NOTES: (1) Mag amp output impedance = 100 £,
(2) Common mode signal does not include noise.
(3) Input signal = 5 v peak.
(4) Guideline:

e Common mode 2380 mvp-p at mag amp.

FCC S/N 0104-I

STAGE S-1B
CHAN ¥r Roll
S.P. # 0
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COMMON MODE

SERVO AMP OUTPUT (mv p-p)

FREQUENCY (Hz) 1Y 27 3y 4Y
0.05 0 0 0 0
0.1 0 0 0 0
0.6 3 0 0 2
1 4 1 0 4
3 10 2 0 8
5 13 2 0 10
6 16 2 1 12
7 19 3 1 14
9 22 4 2 16
10 23 5 2 17
15 27 9 3 18
20 30 10 4 18
30 32 14 4 20
40 44 20 7 30
50 48 21 8 33
60 51 14 8 36

Data Recorded: 12/10/74

NOTES: (1} Mag amp output impedance = 100 Q,
{2) Common mode signal does not include noise.
{3) Input signal = 5 v peak,
(4) Guideline:

e Common mode =380 mvp-p at mag amp.

¥FCC S/N 0104-1

STAGE S-1B
CHAN ¥ Roll
S.P. # 0
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COMMON MODE

FREQUENCY (X SERVO AMP OUTPUT {(mv p-p)

(Hz) ip 2P 3P 4P

0.056 1 0 0 0
0.1 2 1 0 1
0.6 5 2 3 4
0.8 T 3 4 5
0.9 T 3 4 i
1 i 3 4 7
1.1 8 3 4 T
1.2 8 3 4 8
1.3 11 4 4 8
1.4 11 5 5 9
1.5 11 5 3] 9
1.6 12 b 5 10
1.7 12 6 5 10
2 13 6. 5 11
2.7 17 3] 7 13
3 15 4 9 16
5 26 8 11 20
(f 36 7 12 24
10 48 B 14 27
15 G2 9 15 31
20 86 16 18 44
30 125 26 38 66
40 155 24 64 100
50 185 22 78 123
60 - 205 25 90 140

Data Recorded: 12/10/74
NOTES: (1} Mag amp output impedance = 100 3.

(2) Common mode signal does not include noise.
(3} Input signal = 5 v peak.
(4} Guideline:

® Common mode < 380 mvp-p at mag amp,

FCC S/N 0104-1
STAGE S-IB
CHAN - Pitch
S.P. # 0
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COMMON MODE

SERVO AMP OUTPUT {mv p-p)
FREQUENGY (Hz) -
1Y 2Y 3Y 4Y
0.05 0 0 0 0
0.1 2 1 0 2
0.6 6 3 1 6
0.8 7 4 1 7
0.9 8 5 2 7
1 9 5 2 8
1.1 9 5 2 9
1.2 9 5 3 10
1.3 10 5 4 11
1.4 10 5 4 12
1.5 11 5 4 13
1.6 12 5 5 14
1.7 12 5 6 15
2 13 5] T 18
2.1 22 13 7 19
3 25 14 4 18
] 33 19 5 32
7 51 28 l 41
10 60 32 T 52
15 78 46 T 66
20 108 60 T 72
30 123 (il 29 113
40 145 12 41 163
50 165 79 48 188
60 165 7 51 185
‘ Data Recorded: 12/10/74
NOTES: (1) Mag amp output impedance = 100 Q,

(2}
(3)
(4)

Common mode signal does not include noise.
Input signal = 5 v peak.
Guideline;

® Common mode < 380 mvp-p at mag amp.

FCC S/N 0104-1

STAGE S-1B
CHAN ¢ Yaw
S.P. # 0
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COMMON MODE

SERVO AMP OUTPUT (mv p-p)

FREQUENCY (Hz) ™ - = D
0.05 0 0 0 0
0.1 1 0 0 1
0.6 2 1 2 2
1 4 1 3 3
3 4 3 3] 6
3.6 6 3 6 3
5 7 6 6 10
(4 10 8 10 13
10 18 12 12 15
15 28 18 17 20
20 42 23 27 28
30 58 39 38 34
40 48 32 28 26
50 48 26 19 16
60 50 23 11 2

Data Recorded;

NOTES: (1) Mag amp output impedance = 100 &,
(2) Common mode signal does not include noise,
(3) Input signal = 5 v peak,
{4) Guideline:

e Common mode £380 mvp~p at mag amp.

FCC S/N 0104-1

STAGE S-1B
CHAN ¢ Rolt
S.P. # 0

2-23
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COMMON MODE

SERVO AMP OUTPUT (mv p-p)

FREQUENCY (Hz) 17 27 37 4y
0.05 0 0 0 0

0.1 1 0 0 0

0.6 1 1 1 1

1 3 1 1 1

3 5 2 3 2

3.6 5 2 3 3

5 7 3 4 3

7 10 4 5 4

10 12 6 8 5

15 13 9 14 4

20 17 10 18 4

30 13 22 22 8

40 12 33 24 4

50 11 37 26 8

60 6 38 30 12

Data Recorded: 12/10/74
NOTES: (1} Mag amp output impedance = 1004,

(2)
(3)
(4)

Commeon mode signal does not include noise.
Input signal = 5 v peak.
Guideline:

e Common mode 2380 mvp-p at mag amp.

FCC S/N 0104-1

STAGE S-1B
CHAN ¢ Roll
S.P. # 0
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COMMON MODE
C.A.T. @ 70 Seconds

FREQUENCY SERVO AMP QUTPUT {(mv p-p)

0 (Hz) ip 2D 3D 4P
0.01 10 10 10 7
0. 06 26 28 28 19
0.1 a7 30 29 29
0.6 24 28 30 28
0.8 24 25 31 30
0.9 24 24 32 32
1 23 22 32 33
1.1 23 o1 32 35
1.2 24 20 35 37
1.3 25 19 35 38
1.4 o 18 35 41
1.5 28 16 38 24
1.6 29 15 37 44
1.7 30 15 37 46
3 72 8 a7 67
6 150 16 68 113
8 195 24 87 143
10 235 30 100 165
15 300 41 125 203
20 355 60 138 230
30 405 83 135 230
40 385 69 148 995
50 345 55 | 140 205
60 280 42 113 178

Data Recorded: 12/11/74
NOTES: (1) Mag amp output impedance = 100 {3,
{(2) Comunon mode signal does not include noise.
(3) Input signal = 5 v peak,
(4) Guideline:

¢ Common mode < 380 mvp-p at mag amp.

¥CC 8/N 0104-I

STAGE S-1B
CHAN Y Piteh
S.P. # 0
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COMMON MODE
C.A.T. @ 70 Seconds

SERVO AMP OUTPUT (mv p-p)
FREQUENCY (Hz)

1y 2Y 3y 4Y

0.01 1 1 1 2
0.06 2 3 3 5
0.1 4 3 4 7
0.6 18 9 9 19
0.8 23 10 9 24
0.9 24 11 12 26
1 27 14 12 27
1.1 42 16 13 34
1.2 45 17 14 36
1.3 48 19 17 38
1.4 51 20 17 41
1.5 54 22 i9 46
1.6 57 22 20 48
1.7 62 24 22 51
3 100 42 37 95
6 185 80 73 178
8 250 108 93 - 235
1o 293 128 118 280
15 380 160 150 355
20 453 195 170 415
30 548 240 193 480
40 548 232 205 500
50 508 215 195 478
60 440 180 168 380

Data Recorded: 12/11/74
NOTES: (1} Mag amp output impedance = 100 Q,

(2) Common mode signal does not include noise.
(3} Input signal = 5 v peak.
(4) Guideline:

¢ Common mode < 380 mvp-p at mag amp.

FCC S/N 0104-1

STAGE %—IB
CHAN v Yaw
8.P, # 0
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RELATIVE POLARITY

S-1IB STACE
POLARITY
Servo SPUT Data L/M Data
Chaunel Amp SPo | SP21 8P3 | SP 0|SP 2| SP 3| Theoretical
pP/Y 1P + + + + +
2P - - - - -
3P - - - - -
4P + + + + +
1Y + + + + +
2y + + + + +
3Y - ~ - - -
4y - - - - -
v Roll i - - - - -
2P + + + + +
3P - - - - ~
4P + + + + +
1Y + + + + +
2Y - - - - -
3Y Joo+ + + + +
. 4Y - - - - -
P P/Y P + + + + +
2P - - - - -
3P - - - -
+P + + + + +
1Y + + 3- + +
2Y + + + * +
3Y - - - - - )
4y - - - - -
© Roll 1P - - _ - -
2P + + + + +
3P - - - - -
4P + + + + +
3 + + + + +
2% - - - - -
3Y + + + +
4y - - - - -
NOTES: (1) Polarity of the Servo Amp outpul for a posilive input to the FCC;

—

npul and outpul are referenced at farst pin minus {low pin low);
1 aciualor relracts, - aciualor extends.

SPUT refers to "swilch point utilization" test data; L/M refers
to "lincarity and mixing '’ test data.
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STATIC GAINS (SIM LAB)

VEHICLE AS-210 FCC SN 19041

S-I8 STAGE . o e
A0 GAIN (DEG/DEG) Al GAIN (DEG/DEG/SEC)
AXIS ouTPUT SP THECR. ACTUAL PERCENT THEOR. ACTUAL PERCENT
WINDING DEV. DEV.
1 4 ip 0 1.8493 1.8823 0.7069 1.6497 1.6%64 0.4107
2 1y 0 1.8493 1.8627 0.7272 1.6497 11,6612 (¢.7028
Py 3p 0  1.8493 1.861%4 0.6596 ___ 1.6497 _1.6561 _ 0.3933
P-Y 4Y g 1.8493 1.8611 0.6393 1.6497 1.6613 0Q,.7037
p-Y 2p 2 1.0997 1.1044 0.4351 12992 1.3049 0.4403
p—y 3y 2 .1,0997. 1.1031 043176 _ _ 142992 1.3079 0.6157
P-Y 4P 3 0.5498 (0.5503 0.,13903 0.,6005 0.6056 0.8639
pP-Y 2Y 3 G.5498 0.5501 0.0640 0.6005 0.6048 (0.7301
ROLL 2P 0 0.2122 0.2140 0.8575 __0.1980 0.1991 0.5575
ROLL iy o) 0.2122 0.2140 0.8793 0.1980 0.1992 0.6433
ROLL 4p 0 0.2¥22 (.2142 (.9737 0.1980 0.1993 Q0.6716
ROLL 3y 0 0.2122. 0.2138 0,7993 _ . 0,1980_ 0,1972 =0.3940
ROLL 1p 2 C.1700 0.1713 0.7825 0.1202 0.1211 0.791¢0
ROLL 2Y 2 0.1700 0.1711 0.6659 0.1202 0.1209 0.56579
ROLL 3p 2  0.1760 0.1713 0.7876 . __0.1202 .0.1210 0.740L.
ROLL 4Y 2 0.170C 0.1714 0.8822 C.1202 0.1212 Q.8649
62 GAIN (DEG/M/SECZ). Al GAIN (DEG/DEG/SEC)
AXIS guTPUuUT SP THEDOR. ACTUAL PERCENT THEQOR. ACTUAL PERCENT
WINDING DEV. DEV.
P-Y 2P ) 39655 4.0586 2.3493 1.6497 1.6569 (0.4392
P-Y 2Y o 3.9655 4.0540 2.2337 1.6497 1.6562 043990
-y 4P Q 3.9655 4.0636 2.4754 126497 1.6623 (0.7640
p-Y 3y 4] 3.9655 4.0604 2.3955 1.6497 11,6596 (.6040

NOTES: (1) allowable static gain deviation is 4%
(2) roll gain equals channel hardware gain

ORIGINAL PAGE IS
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