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PREFACE

The spectacular television coverage of lunar surface explorations during the
Apollo 15, 16, and 17 missions demonstrated the exceptional performance of the
RCA Ground-Commanded Television Assembly (GCTA). The GCTA more than
satisfied all anticipated requirements for lunar surface television and was fully
compliant with NASA specifications.

An initial Interim Report on the GCTA program was issued in February 1972,
The document summarized the work performed under Contract NAS 9-11260
from contract award on July 31, 1970 through February 15, 1972,

A second Interim Report was issued on July 31, 1972 to summarize the work
performed by RCA to improve the performance and reliability of the GCTA for
use during the Apollo 17 mission. The report covered the period from February
16 through July 31, 1972,

The present document finalizes the work performed by RCA under Contract
NAS 9-11260 for the NASA Manned Spacecraft Center in Houston, Texas. The

report covers ihe perivd {ioin suiy o1 through December 29, 1972,
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Frontispiece. RCA Ground-Commanded Television Assembly



SECTION 1

INTRODUCTION

The RCA Ground-Commanded Television Assembly (GCTA) consists of a Color
Television Camera (CTV), a Television Control Unit (TCU) and associated
cabling, bracketry, and hardware. The GCTA design is based on the RCA Lunar
Surface Color Camera produced for NASA under Contract NAS 9-10781. Both
systems use a Silicon Intensifier Target (SIT) sensor and field-sequential color
wheel to generate color television images.

The present RCA GCTA system illustrated in the Frontispiece was designed to
provide maximum flexibility, potential growth, and ability to withstand the en-
vironmental extremes encountered on the lunar surface. Use of the SIT sensor
provided high sensitivity, wide intra-scene dynamic range, freedom from micro-
phonics, and rugged construction, Performance of the SIT sensor is summarized
in Table 1, An overall summary of GCTA performance is provided in Table 2,

Functional block diagrams of the GCTA Color Television Camera (CTV) and the
Television Control Unit (TCU) are provided in Figures 1 and 2.

The Color Television Camera (CTV) uses basic monochrome techniques to pro-
duce high-quality, field-sequential color television at standard (NTSC) line

and frame rates. The camera uses a single silicon intensifier target (SIT) tube
and a synchronous rotating filter wheel to generate color video data. A zoom
lens is incorporated with provisions for manual or remote control of zoom and
iris settings. Automatic light control (ALC) operating on average or peak scene
luminance also is incorporated. ALC may be selected manually or by remote

control

The Television Control Unit (TCU) permits ground-commanded operation of the
CTV. A 70-kHz modulated subcarrier signal is sent to the TCU from the LCRU,
and the TCU decodes this signal and executes valid real-time commands. The
TCU cradle, mechanically driven in azimuth and elevation, holds the CTV for
remote pointing in response to ground commands. The TCU electronics pro-
vide control signals to operate the zoom, iris, and ALC functions of the camera,
and provides CTV power ON/OFF control in response to ground command or
manual switch operation. Commands to the LCRU for ON/OFF control of the
FM transmitter and ON/OFF control of the 1. 25-MHz voice subcarrier also are
generated in the TCU. After adding a vertical-interval test signal on line 17 of
each field, the TCU routes the CTV composite video output signal to the LCRU.

A short staff at the base of the TCU electronics box mounts the GCTA to a fitting

on the LRV chassis frame. The mounting staff has a swing-away capability to allow
removal of the LCRU from the LRV chassis frame without removing the GCTA.

...1_



TABLE 1.

SIT PERFORMANCE CHARACTERISTICS

Parameter

Value

Spectral Response

Resolution

Signal Current

Dark Current

Sensitivity & Dynamic
Range Typical

Garma

Scenc Dynamic Range

Shading

Operating Temperature

Life

3500-7000 Angstroms

Minimum 40% @ 200 TVL

Typical 400 nA

Maximum 15 nA @ 30°C

1 to 10,000 foot-
lambert Scene

1.0

3z:1 Minimum

Maximum 20%

(~109C to +50°C)

Minimum 500 Hours




TABLE 2. PERFORMANCE SUMMARY OF RCA GCTA
Parameter Characteristic
Sensor Silicon Intensifier Target (SIT)
Tube
Sensitivity Better than 32-dB signal-to-
noise ratio at 3 foot-lamberts
Resolution 80 percent response at 200 TVL

ALC Dynamic Range
Non-linearity
Shading

Gray Scale

Video Output Level

ALC

Optics
Zoom ratio
Iris control

Pan angle
Tilt angle
Power

Physical Characteristics
Weight
Volume

1000 to 1 (minimum)
3 percent (maximum)

20 percent (maximum)

Ten v2 steps

1 volt p-p into 75-ohm load
Full EIA sync

PEAK or AVERAGE detection modes
Remote control with manual
override

6:1
£/2,2 to £/22

+214(R) , =134(L)
+§g degrees from horizontal

16.65 watts (operate), 7.95
watts (standby)

18.24 pounds
455 cubic inches
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Figure 1. CTV Functional Block Diagram
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SECTION I
YOKE/FACEPLATE QUALIFICATION DATA

The GCTA Interim Report issued July 31, 1972 describes the details of design
modifications to the Apollo yoke and the addition of a bonded protective faceplate
with an integral spectral filter. The yoke modifications were intended to eliminate
problems encountered during test of the cameras where open circuits had developed
at the connection points on two yoke assemblies. The protective faceplate is in-
tended to eliminate the possibility of discharge phenomena from or through the

SIT fiber optics faceplate. By incorporating a spectral filter within the protective
faceplate, undesired SIT response to near IR radiation from the color flag detector
emitter or from the imaged scene also is eliminated. The protective faceplate
filter assembly is detailed in RCA drawing 2269728-501.

To verify the design suitability and integrity of the modifications, qualification
tests were conducted on individual yoke assemblies and on a total tube assembly
containing a yoke of the new design and a bonded faceplate. The tube assembly
qualification procedure was performed in accordance with Appendix A of this re-
port (Qualification Test Procedure), and consisted of the following operations:

i. Sinusoidal Vibration
2. Random Vibration

3. Acceleration

4. Shock

5. Temperature Cycling

The qualification procedure for the yoke assembly is provided as Appendix A in
the referenced report. The tests consisted of the following items:

1. Hot step stress testing (to +100° C)

2. Cold step stress testing (to -70° C)

3. Cyeclic temperature fatigue tests (~10° C to +65° C)

4, Power ON/OFF cycling fatigue test (-10° C to +65° C)

It was initially planned to start a new yoke at each step above, to isolate the
mode in the event of a failure. Printed circuit material constraints limited the
availability of new yokes so that a single yoke of new configuration was exposed
to all of the qualification tests. Both the yoke and tube assembly have success-
fully completed their respective qualification tests, thus providing confidence in
the integrity of the modifications.



The test data obtained on the total tube assembly prior to, during, and after ex-
posure to the required environmental tests is shown on the following Data Sheets

(1 through 8) . Spurious signal photographs show that no changes occurred in

spots or blemishes. Integrity of the faceplate bond was assured by examining these
photographs for interference patterns, and by visual examination of the tube
assembly. No evidence of separation was found. The parameter data sheets showed
no significant changes at each of the test steps. Dark current variations within
+15 percent are considered normal based on measurement accuracy and small
temperature variations at the time of measurement. All dark current values are
below the specification maximum (15 nA). The small changes in recorded align-
ment current reflect operator setup for performance data and do not suggest a
change in tube characteristics.

During initial assembly of the test tube/yoke assembly (S/N 710-Q3), high volt-
age arcing was encountered at the first application of power. The photocathode
bleeder resistor was found to be improperly positioned in the assembly, per-
mitting arcing to the ground connection. The resistors were replaced and no
further problems were encountered.

Two yoke assemblies were subjected to testing in accordance with the procedure
in Appendix A. Serial Number 3-72-1 was of the original design configuration,
while S/N 7-31-3 was of the modified design as illustrated in the referenced
interim report. On the attached recorder traces, the unit windings are des-
ignated as follows:

Test New Old
HOT STRESS vV2/H2 Vi/Hi
COLD STRESS Vi/H1 V2/ H2
ON/OFF CYCLING V2/H2 Vi/Hi
FATIGUE CYCLING v2/H2 vi/Hi

Data Sheets 9 and 10 present a summary of the data obtained for all of the tests.
Several erratic readings are noted on the recorder traces. These were identified
as being caused by a noisy potentiometer in the bridge circuit used to establish
the current through the windings. The recorder traces are annotated as follows:

Data Sheet No. Test

11 Hot Stress (NEW)

12 Hot Stress (OLD)
13,14 Cold Stress (NEW)
15,16 Cold Stress (OLD)
17,18 ON/OFF Cyecling (OLD)
19,20 ON/OFF Cycling (NEW)
21-26 FATIGUE Cycling (OLD)
27-31 FATIGUE Cycling (NEW)



TR IV IDEAL TEST DATA
PART T

NATA SHEERT

Pre-Environmental Test

Unit: SIT C21129B
Seri2l No: 710-C3
Dates 9/29/72
Test-Personnel: CAL

Inspector: BJB
Blectrical and Perlormance
Limits
Teat Tarse, Hoame Min Max Regult Units
2.1 Lag - 10 6 ) 4
242 Amplitude Responge
Center Lo - 78 %
Corner 25 - 30 4
2.3 Cutnff «120 65 -80 Vde
2.4 Sensitivity 100 - 123 uA/1m
2.5 Tarpet Sain 1000 - 1860% -
2.6 Imaye Section Gain
Chanre 100 - 8L.1¥ -
2.7 Dark Current - 15 7.5 nAde
2.8 Alienment Field
Horizontal - 20 +15 mAdc
Vertical - 20 -18 mAdc
2.9 Shading - 20 18 4
2.10 Spots or Rlemishes (See Para 2.10) 0K (see photos)
Mechanical Tesats
TAnits
Test Para, Name Min Max Result Units
3.0 Dimensions
PC En?ad. 0.90 - 1.2 :'J‘lt‘:h
Faceplate to flange L.895  L.915 L.509 inches
3.1 Weizhy 24 25.2 eurces

*Data taicen at initial tube test



A4

SPURIOLS S/GNAL, PRE ENVIROAVMENTAL TESTS

Serial No, 770 -~ Q3

|

P_____
Epc 3 KV
T+ 300 nA
] P
Sweep /em
Sens /em
1p
Epe 8KV
T+ 300nA

SIZE CODE IDENT NO. L

DATA SHEET 2
Attached by A 49671 A

Date I lsnzﬁr
AED tots 12767 4 -0




JAEVIVHIYGRT, TRST DATA
e

DATA SHERT

Mechanical Tests

Vibrated
Units SIT C211293
Seriz) Mo+ 710-Q3
Date: /1/72
Test Personnoly CAL
Inspectors BJB
o Blectrical and Performanse
Liﬁitrs
Teat “are, Homes Min Hax Roault Units
2.1 Lag - 10 8 y 4
2.2 Amnlitude Recponae
Centar Lo - 78 £
Cornet* 25 - 32 y 4
2.2 Cutaf{ 120 -65 -80 Vde
2." Nensitivity 100 - 124 w/1Im
2.8 Tarpet Sain 1000 - 1860% -
2.6 Tmaye: Section Gain "
Chanre 100 - 8L.1 -
7 Park Current - a5 c.8 nAde
2.8 Aliznment Field
Horizental - 20 +16 mAde
Vertical 20 -18 mAdc
2.9 Shading - 20 18 %
2.10 Spots or Blemizhes (320 Para 2.10) No change (see photos)

Linits
Test Para. Hame Min Max Regult Unita
3.0 Dimensions
PC Lnad 0.90 - 1.2 ineh
Feceplate to flanpe L.225  L,915 L.909 inchan
3 ..l “’Qi:';"‘* 21: 25.2 mMineen

®Data taken at initiazl tube test

-10-

DATA SHEET 3



S PURIOLS

SIGNAL 5 POST VIBRAT ION

AED t01e 12, 87

Serial No. .ZZ0 -Q 3
P
EPC, _3 &V
I+ 200 nh
] P
Sweep /cm
Sens /em
P
E Pc_ ....&_k_‘!.,_
T+ 200 ﬁ&
SIZE | CODE IDENT NO. e T
Attached by S A 49671 DATA s4 t/
Date //A,{/?” I [ sheer
w1




NV ETSIAL TR

ST DATA

Ak T

NATA

SHERT

Shocked & Accelerated

nit:s SIT C211298
eris)l Mo 710-Q3
Duates:  10/2/72
Tast Personnol: CAL
Inapectors BJB
Blect rical and Performanse
L{f"j.t-s
Te: e, Wrame Min Nax Heosult Units
2.1 Lag - 10 6 %
2.2 Muplitude Response
Center Lo - 78 p4
Corner 2y - 30 4
2.2 Cutaff =120 .6 -80 Vde
2. Sensitivity 100 - 123 ud/1m
2.5 Target. Gain 1000 - 1860% -
2.6 Imapge Seclion Gain
Change 100 - 8L, 1% -
2.7 fark Curroab - 1 6.1 nhde
2.8 Aliznment Field
Horizontal - 20 +12 mAdn
Vertical - 20 -16 mAde
2.9 Shading - 20 18 %
2.10 Spots or Blemishes (Sce Para 2,10)
Mechanical Tests
Tdmita
Teat Para, Name Min Max ftesult Unils
3.0 Dimensions
PC Lead 0,90 - 1.2 inch
Faceplate to flanpe L7125  L,915 L.909 inches
22 Had ok 2h 25.2 AMinesn
#Data taken at initial tube test
-12-

DATA SHeeT 5



SPURIOUS S/GNAL, POST SHOCk & ACCELERAT/ON

Serial No. /0~ Q3

I

Sweep J/em

Sens /em

Attached by _DBm.d
Date /44;2/é’z;

SIZE

A

CODE IDENT NO.

49671

DATA SHEET &

|

] SHEET

AED 1318 1287

A 13-




NGV AIGEAL TRST DATD
Al 7
DATA SHERT
Temperature Cycled

Unit: SIT C211298
Serinl No: 710-Q3
Date:s 10/L/72
Test Personnal: CAL
Inspector: BJB
Bloctrical and Perlfommance
Limits
Teal oo, Home Min liax Hooult Units
?.-1 I.u"l.’. - }-o B x
2072 Amplilude Roacponage
Center Lo - 78 4
Cornev 25 - 35 .4
2.2 Cutar( 120 .65 -80 Ve
2.1 fNensitivity 100 - 122 ud/1m
2.5 Tarpyet Oain 1000 - 1860% -
2.6 Imares Peclion Gain
Chanre 100 - 8l.1* -
2.7 Dark Currenl - 15 5.8 nide
2.8 Aliznment Field
Horizental - 20 +11 mhde
Vertical - 20 -20 midc
2.9 Chading - 20 1L 4
2.10 Spots or Nlemishes (3ce Para 2.10) No change {see photos)

Mechanicz) Tests

Tinits
Test Para. Hame Min Mazx Result Units
3.0 Dimensions
PC Lnad 0.%0 - 1.2 inah
Feceplate to flange L7725 L,515 L.909 inchag
3-1 Tr"‘i::'.; 2¥‘ 25.2 e

*Data taken at initial tube best
...14_.

VATA SHEET 7



. 4

S PORIOUS S/GNAL , POST THERMAL CYCLING

Serial No. ZZ0 ~ 383
| |
' .
E pc ZkV
T 300n0 ﬁ
- - .w
P
Sweep Jem
Sens Jem
N
P
Epc BKV
Te  300nA_
\
Attached by W/g SEE COZBDGE;TINO' DATA SHEET &

Date ,,'/, 3 /22

,SHEET

AED tols 12767 4 -15-
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Apollo invironmental Yonw Testing Data Shects
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On-0ff Cycles @ -25°C
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The test program has successfully demonstrated the ability of the redesigned yoke,
and the protective faceplate design, to meet the Apollo requirements. Since a
yoke of old design also passed all of the tests, there is a strong indication that
handling and assembly techniques contributed to the original problem. The new

design provides greater strength in the area of the flying leads and will be
specified on any future procurement.
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SECTION III
ELEVATION DRIVE IMPROVEMENT PROGRAM

The TCU elevation drive rotates the CTV carriage -45° to +85° from the horizontal
at a rate of approximately 3° per second. The driver is a 90° per step 60-hertz
permanent magnet stepper motor coupled to a 48:1 integral gearhead. A 36:1
spiroid skew axis gear set coupled to the gearhead output by a bellows coupling
drives the CTV carriage directly. A clutch is incorporated between the output of
the gear set and the carriage to permit manual override of the elevation function.

TABLE 3. ELEVATION DRIVE DESIGN PARAMETERS

. . Gear | Dev. Torque| Speed Max, Load Margin
Component Efficiency . ) Torque )
Ratio (oz. in.) (rpm) . (oz. in)
(oz. in.)

Motor 0.5 900 0,09 5:1
Gearhead 80% 48:1 19 18.7 3.5 5.4:1
Spiroid Pinion }
Spiroid Ring Gear 50% 36:1 | 340 0.52} 120 2.8:1
Load at 85° }
Position 340 120 2.8:1

The following data were collected during tests performed on TCU F-3 (Serial
Number 006) and TCU F-5 (Serial Number 008) to determine the cause of jitter
observed in the TCU elevation drive. During the course of the investigation into
the problem with Serial Nos. 002, and 003 which showed that the design numbers
were conservative in motor output torque (minimum - 0.7 oz. in.) and gearhead
efficiency (83 percent) . Some variations between units were observed in spiroid
and carriage efficiency, particularly on Flight III. Serial No, 006 measured
higher torque than the other TCU's.

Serial Nos. 002 and 003 were found to be close to the predicted curve, Figure 3,
for the torque at the spiroid pinion. Graphs, Figures 4 and 5 show peak torque
contours for the various assemblies as measured with a strain gage load cell
applied to the spiroid pinion in place on a motor gearhead. Figure 6 shows the
Serial No., 006 curve after rework and Figure 7, Serial No. 006 post rework

with damping springs installed. It is significant and not yet clear why Serial

No. 006 initially showed higher torque than the other units in spite of the modifi-
cations in finishes, alignments and adjustment. The higher torque level on Serial
No. 006 apparently had little effect on the system with a good motor installed.
Serial No. 003's motor and drive electronics operated Serial No. 006 spiroid and
carriage mechanisms with three times the normal 1/6 g test weight in place. From
the onset of the problem on Serial No. 006 during acceptance testing, many modifi-
cations and cures were tried. Table 4 shows the test program that was initiated.
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‘Flgure 3. Pi'edicted' TCU Elevétlon Drive Torque Curve
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Initially the jitter was quite random in occurrence, always occurring in vacuum,
and it would heal after a period of up to 50 minutes from repressurizing the
chamber. As the various modifications to reduce friction, improve efficiency,
and correct alignments were made, the problem worsened to the point where one
cycle of the mechanism in vacuum would induce the jitter. The jitter was occurring
at progressively lower elevation angle to the point where it occurred in the up and
down direction (load assisting) at approximately 20°. This indicated that we were
encountering a threshold position where load (overhung angle) was very sensitive.
If stick slip or gear efficiency were the problem, some improvement would have
been seen with the many improvements in fit and surface condition. In no instance
did the gear surfaces exhibit galling or particle transfer expected if asperity
welding had reduced the gearhead efficiency to the measured level. The lubricant
film was intact on gear and pinion surfaces following the many disassemblies.

The possibility of a resonance in the motor gearhead or in the upper drive train
was investigated. A soft coupling was added between the motor/gearhead and the
spiroid pinion. No change was seen in the jitter condition during a vacuum test.

Two further tests were conducted to investigate the resonance theory. In one,
the TCU assembly was vibrated at 0.5 g level from 5 to 60 hertz while operating
in an attempt to induce jitter. This was followed by a test where the input fre-
quency to step the motor was varied from 10 to 100 hertz; in neither case was the
jitter induced or, in the latter test eliminated. Some improvement was noted at
the lower motor stepping frequency which at the time was not significant. How-
ever, it is predictable when considering the motor overshoot theory.

Following the test series called for in Table 4, no conclusive cause could be found
for the jitter phenomenon. Indications were that it was load sensitive (position of
carriage), and was aggravated during vacuum exposure. The effect of vacuum is
partly due to the overall loss of efficiency in vacuum (threshold torque condition)
and more probably due to the loss of viscous damping at the small air gap between
the rotor and stator.

In discussing the problem with Kearfott engineers, several questions arose on the
behavior of the motor when stalled. Further testing revealed the motors could be
degraded by stalling and/ or backdriving.

Measurement on the Serial No, 006 motor gearhead revealed that the stall torque
was 24 ounce inches. However, the measuring torque-watch would backdrive the
motor rotor in excess of 10 revolutions before it regained the original stall torque
level. An oscillating mode was set up. Further investigation at the Kearfott plant
and RCA found the cause to be low (almost zero) detent torque in the unpowered
state.

-45-



-—9?—

TABLE 4. ELEVATION DRIVE TEST PROGRAM

oo POSSIBLE PROJLEM ARTA THVESTIGATION ACTION COMMENTS
1. Stick Slip Maasure torque variations with 1/5 ¢ lecadl Mo conclusion from torque measurements
on carriage at normal speed. to improvement following mass treat-

ment to gear set.

2. Torsional Resonance in Mccelerate on carri:-ge - Measure frequency Predominant frequency 15 herb-s not
drive train and "Q" measured for "Q"
3. TLubrication Mnalysis - Spectral analysis of grease from Quantity as lubricated No changes in IR

serial 006 TCU and new saaple. Compati- Scans of used and new
bility with G300 and st.inless steel

Coarform

4, Spiroid - Heasurement of components — Blue gear teeth Set up verified - blue showed

Assom . . . .
et to verify mesh - efficiency measurement of gocd contact - efficiency 50% as
gear set predicted
5. faart oA Verify asscmbly medifi ' ", insure motor Asscmbly at Kearfott - Torgue Test
angagement
6. Hoblog Torque test motor and melor gearhead In Alr at AED & Kearfott - Showed
greater than specificd torque
7. Tovyue Margin Find max load availabl - Tovgque will Mecasured margin worst case verified
drive by calc. & measu. wont 2.8:1
f e Gl ovarineg (VOUOTL) verify dimensions = in.e.bigate vacuum Size verified - material properties
compatibility better -in vacuum.
9. Dimensoaal Analysis Check dimensionally -- all parts in ele- Misalignment in carriage and #006
vation - drive assembly gearhead corrected
10. Eleckriecal No indication of improper drive

conditions



1l.

12.

13.

14.

15.

16.

TABLE 4. ELEVATION DRIVE TEST PROGRAM (Continued)

Axial Motion of Pinion

Change Preload

External Vibration Induced Put on vibration table 10-60 Hz less than

Examine Bellows Q-2/F-5

Add torsionally soft
coupling between motor and
Spiroid pinion

Change motor stepping
frequency

Underload w/dial indicator
Looscon gcar cndecap

1/2 g input

Measure stiffness and similarity

Operate system in vacuum

Vary freguency 10 Hz to 100 Hz

Initially .0025 freeplay - bearing
preloaded with no improvement

No improvencnt

TCU operating with anp without 1/6 g
load no jitier varyin, from 10-60 Hz and
dwell for 1 minute at 15 Hz.

met specification

no change in jitter condition

Slight improvoacent at lower freguency
No significant change.



This condition was related to the jitter problem after the motor and driver from
Serial No. 003 was used to drive the Serial No. 006 elevation assembly. Three
times the normal 1/6 g load was carried without jitter or noticeable change in the
current trace. The Serial No. 006 motor had jittered previously with the normal
1/6 gload. The Serial No. 003 motor was demagnetized by manually moving the
rotor with the stator energized. On reinstalling the motor in the Serial No. 006
elevation drive, the jitter occurred at the normal load level.

A theory on the effect of the low detent torque is that in the back driving mode
(load assisting the motor), the rotor overshoots the pole position and greatly
reduces torque developed in the motor. The overshoot is generated by the free
falling overhung weight loading the spiroid pinion after a step increment has been
completed. A small rotation of the spiroid pinion is magnified 48 times. The
motor detent torque acts as a damper to this overshoot by permitting the motor
to step discrete increments, starting at a pole position, thus developing full
rated torque.

The spring damper assembly (RCA Drawing No. 2275697) achieves a similar
effect by reducing the acceleration of the overhung weight, reducing the back- .
drive force and the tendency to overshoot. The spring also provides damping

by the significant hysteresis inherent in a low rate torsion spring wrapped around
a center hub. The spring applies a force of 2.2 inch pounds at a maximum
elevation position of 85 degrees. This force is approximately 1/3 of the nominal
overhung moment, The spring rate is low enough to avoid carriage resonant
problems.

No penalty is foreseen in installing the damper spring. In addition, the spring
reduces the required drive torque by storing energy in the motor assisting
direction which is returned when the motor is lifting the weight when opposing
gravity. All interface and storage requirements are met with the springs in-
stalled on the TCU.

Other methods of damping were considered: - damping of the motor and coulomb
damping at the CTV carriage. These methods introduce parasitic loads which
are very difficult to control under the extreme environmental conditions, and
they also degrade the available torque margin.

The fully-magnetized motor will operate the TCU and meet design requirements
without problem. The demagnetization phenomenon is not fully understood at
this time. To insure that inadvertent reduction in the motor performance does
not affect the use of the TCU, it is recommended that the damping springs de-
scribed be fitted to all flight TCU's.

-4 R



For future procurement, the current rotor material (Alinco V) will be changed
to a more stable magnet material having a greatly reduced tendency to demagnetize.
A discrete detent torque requirement also will be specified.

During the elevation drive improvement program, a variety of tests were performed.
The following material is a short chronological history of the tests performed on

the Flight 3 (006) and Flight 5 (008) TCU's (date of the test, the configuration of
the TCU under test, the test conditions, and the results of the tests are included).
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PROBLEM

—Og..

DATE

. q/]

9/5

9/5

9/6

CcTvV

TCU

GEAR DRIVE  MOTOR

aec

003

X

Flt III

Flt III

Flt III

Flt IIIX

SYMFTOM

TEST CONDITIONS

Enviorn.

Temp.

REMARKS

Flt 711J

Flt III

No jitter

Jitter

Jitter

Spurious
Signal

Alr

Vacuum

Vacuum

Air

Ambient

+25°C

H25°¢C

pmbient

Thermal vacuum sctup

a.System opcratecd through
critical pressurc

after re-establishing
pressure. Spec of 2x10-5torr
or less

c.Jitter observed on lst cycle
of elevation up

d.Elevation activated for 7
up/down cycles, jitter
observed on 6 of 7 up cycles

e.Vented bell jar

f.Pumped down to pressure spec

g.Jitter observed on lst cycle
of evaluation up, repeatable
on every up cycle

h.Vented bell jar

i.Jitter occurred for 2 up
cycles after venting, but
not reprovable after 2 cycle

a.Disassembled Elev.drive,
examined, relubricated gears
reassembled elev.drive, adj.
back lash

b.Retested after assembly for
13% up/down cycles. No jitte
observed

c.Retested TCU-006 per minutes
of T.R.B.(T.D.R. 54-380)

d.During retest obkserved
spurious signal (not jitter)
~tests not satisfactory due
to spurious signal

e.Tested TCU~008 (same test
outlined for TCU-00C)
Tests satisfactory, no jittw

f.Asscembled TCU~006 with 008
gear drive & motor
Retested, results satisfact-

ory, no jitter



FROBLEM DATE

i

CTV

TCU

GEAR DRIVE

MOTOR

SYMPTOM

TEST CONDITIONS

Enviorn.

Temp.

REMARKS

3 9/7

9/8

_Ig-

8/9

Flt III

Flt Vv
(no rework)

Flt V

No jitter

No jitter

h.No jitter

b.Up limit
switch
not
activated

~.Cradle ha
up

b.Up limit
switch
not acti-
vated
b.Cradle ha

up

Air

Vacuum

Vacuum

Ambient

+25%¢

+50°C

a.Thermal vacuum cctar - po
jitter obsorved

a.0One hour after turn on,
commanded elevation down
for 36 sec. - no jitter

b.Elevation drive activated
1% up/down cycles 4 hrs
after turn on - no jitter
observed

c.Elevation drive activated
10 up/down cycles 4.4 nrs
after turn on - no jitter
observed

a.Elevation drive activated
down/up cycles 5.2 hrs aft
turn on - no jitter observ

b.5.6 hrs after turn on, con-
ducted elevation drive test
Elevation activated 12 down,
up cycles - No jitter
observed

c.Up limit switch not engaged
Drove into mechanical stop.
Cradle momentarily hung up
when down command sent

d.0On 8th & 12th up cycle,
drove into mechanical stop

a.Elevation drive activated
immediately after turn on.
Up limit switch not activ-
ated

b.Elevation drive activated
4 hrs after turn on - no
jitter observed

c.Elevation drive activated
4.6 hrs after turn on for
5 up/down cycles - no jitta
obsecrved.
Elev.

d.Drove into mechanical up
stop. Momentary cradle hano
up when down command seont



FROBLEM DATE (CTV TCU GEAR DRIVE  MOTOR SYMPTOM éﬁﬁiﬂ;ﬂ?ﬂDI%:SE? REMARKS

No jitter |Vacuum -10°Cc }|a.Elevation drive activated
for 1% down/up cycles 3.7
hrs after turn on - no ji

b.Up linit activated normal

c.Elevation drive activated
for 5 up/down cycles - no
jitter observed

d.Up limit switch activated
normally

5/10 Vacuum 0°c a.Elevation drive activated
1% down/up cycles 3.5 hrs
after turn on
No jitter observed. Up 1li
switch activated normally

b.Elevation drive activated
for 5 down/up cycles 3.7
after turn on - no jitter

observed
Up limit switch activated
normally
1 . .
& Jitter Vacuum +25°C |a.Elevation drive activated
1

2.5 hrs after turn on.
Jitter cbserved in first
cycle, and observed in
following 5 up cycles. Na
jitter observed in elevat
down

b.Up limit switch activated
normally

c.Elevation drive activated
additional up/down cycles
jitter observed in all ug
cycles
No jitter in elevation do

9/11 Jitter Vacuum +259C |a.Completed test per TP-OP-
2265826, started engineer
evaluation, system turned
i 15.3 hrs after last oper:
i b.Elevation drive activatec
no jitter observed on 1lst
cycle. Limit switch OK. (
served jitter on 2nd up




PROBLEM DATE

]

CTV

TCU

GEAR DRIVE

MOTOR

SYMPTOM

TEST CONDITIONS

Enviorn.

Temp.

REMARES

_Eg e

Intermitte
Jitter

nht Air

Ambient

cycle, spike 2 34 sec.

c.Elevation drive cycled up/
down - jitter got progress
ively worse

a.Vented chamber. System
turned on 1.7 hrs after
venting. Bell down

b.Elevation drive activated
No jitter on 1st & 2nd up
cycle. Jifter observed on
3rd & 4th up cycle, not on
S5th & 6th up cycle. Spike
observed on 7th up cycle.
No jitter observed on 8th
through 15th up cycle

c.Raised bell. Elevation dris
activated for approximately
20 cycles. No jitter
observed



PROBLEM DATE

1

I

CTV

1

TCU

GEAR DRIVE

MOTOR

SYMFTOM

TEST CONMDITIONS

Enviorn.

Temp.

REMARKS

9/12

0/13

9/14

9/15

Y. 16

003

03

003

003

003

FLT I1I

FLT II1

FLT III

FLT V

FLT III

FLT V

FLT V

FLT Vv
Reworked

FLT V

FLT V

REW

FLT III

FLT III

FLT V

FLT V

DRK GEAR
FLT V

FLT V

FLT V

FLT V

HEADS

No Jitter

Spurious
Signal,
Glitch

+=

Spurious
Signal

No Jitter

Spurious
Signal
P

Air

Air

Air

Air

Air

Amb.

Amb,

Amb,

Amb,

Amb.

a. Bench test after FLT V
elevation drive gearhead
reworked.

b. No jitter observed, no
thermal vacuum.

a. Bench test - 2 hr run in
of F-5 gear drive and F-5
motor in F-3 TCU.

b. Disengaged clutch for tes
reversed up/down direction
approx. every 3 hour during
test observed 5 occurrences
spurious signal and 4 occur-
rences of single glitch.
Neither resembles jitter
waveform.

¢. At conclusion of test, en
gaged clutch ran 8 up/down
cycles. No jitter observed.

a, 2 hour run in test on
bench. No jitter observed.

a. Disengaged clutch for tes
reversed up/down cycles
approximately every % hour.
During test observed, 2 sing
glitches. No jitter observe

a, No operation. Installed
elevation drive (S/N 006) ir
TCU~-006.

b. No operation. Installed
elevation drive (S/N 008) i1
TCU-008.

a. Adjustment of azimuth anc
elevation limit switches
prior to acceptance test,.

b. Spurious signal observed
twice during testing.



TEST CONDITIONS

PROBLEM DATE (TV TCU GEAR DRIVE MOTOR SYMFTOM Faviorn Temp REMARKS
- ! | ] . .
0 9,20 | 003 FLT I11I T III FLT II] Spurious Air Amb. [a. Replaced pinion, ring gear,
Rebuilt|{Gear Heads Signal reset gear (thermal vacuum
o setup).
W J iy b. TCU instrumented to monitor
T elevation motor drive waveform:
during T/V testing (at motor
samping board).
c¢. Monitored CTV input current

& GCTA input current.

d. Spurious signal observed
during elevation up, observed
simultaneously on CTV input
current, No jitter observed.

9/21 Jitter Vacuum +259Cla. Approx, 1 hr after turn on
at +25°C, elevation activated

Spurious for 17 sec in up direction.
Signal Turned off before limit switch

No jitter observed.

b. 1.4 hrs after turn on at
+25°C, elevation activated.
Jitter observed on all up cyc-
les. Recorder monitoring
elevation motor drive voltages
showed no abnormality during
jitter period. System turned
off.

c. Terminated tests per TP-OP-
2265826, System turned on
(vacuum) after 3 hrs off per-
iod. Jitter observed on lst
up cycle. Jitter observed on
following 7 up cycles. Ob-
served spurious signal.

d. Vented bell jar slowly, al-
lowing TCU to operate during
pressure rise to 1 atmosphere
Jitter observed on all up
cycles to 1 atmosphere.

_gg_

9 22 003 | 006-F3 006-F3 FLT I1I}] Jitter Air Amb. a. TCU in chamber, bell raise
Rebuilt Gear TCU in air 16 hrs before turn
Heads on.

b, Jitter observed on 1lst
Flevation up cycle.




PROBLEM DATE

TV

TCU

GEAR DRIVE

MOTOR

SYMPTOM

TEST CONDITIONS
Enviorn. Temp.

REMARKS

—

10
(cont'd)

11

_99_

9/22

9/30

10/1

003

003

FLT V

FLT I1II

FLT III

FLT III

No Jitter

FLT III Spurious

Signal

Spurious
Signal

Spurious
Signal

Spurious
Signal

Air Amb,

Air Amb,

+259¢

Vacuum

Vacuum +500¢C

Vacuum +40°C

¢. Removed 2-1b weight, nc
jitter observed on elevati
up cycles (2).

d. Replaced 2-1b weight,
jitter observed on 1lst ele
vation up cycle.

a. Thermal vacuum setup.
CTV 003 outsicde chamber.
jitter observed.

b. Thermal vacuym test not

No

a. Thermal vacuum setup. (
003 outside chamber.

b. Observed 1 occurrence of
spurious signal.

c. No jitter observed.

a. 1 full cycle of elevatic
up. No jitter observed.

b. 2 occurrences of spuriou
signal.

¢. 2 hrs operation @ +259C.

a. 1 hr after turn on at +i
elevation drive activated v
for 10 sec. No jitter.

b. 1.4 hrs after turn on @
+50°C, elevation drive acti
vated up to limit (12 sec
operation). Jitter observe
on next up cycle. (Occurrs
@:»34 sec.) Jitter on next
up cycle. TCU platform lei
horiz. System turned off.
c. 2 hrs operation @ +50°C.

a. 1 hr after turn on @ +4(
elevation drive activated y
for 12 sec. No jitter.

b. 1.5 hrs after turn on @
+40°C, elevation up activat
Jitter observed @ 15 sec ug
from horiz. Jitter gbserve
on next elev. up cyc?e @
28 sec., Jitter ohserved oi
next up cycle.




TEST CONDITIONS

PROBLEM DATE (TV TCU GEAR DRIVE MCTOR SYMPTOM Eaviorn Teomp REMARKS
e ; I i 1 ! - . »
12 ¢c. 2 hrs operation G +40°C.
ceont 'd)
102 | 003 006-~F3 006~-F3 FLT II} No Jittey Vacuum -10°C |a. Activated elevation drive

up 3 cycles immediately afte
tejap stabilization. No jit-
ter. Platform left in hori:z
position,.

b. 1 hr after turn on @ -10°¢
activated elevation up for
15 sec. No jitter.

¢. 1.5 hrs after turn on at
-10°C activated elevation ug
12 cycles. No jitter.

d. At turn off activated
elevation up 1 cycle - No
jitter. Platform left in
horiz. position.

e. Returned to +25°C.

Spurious Air Amb. a. Vented chamber.

Signal b. Turned unit on. Activate
elevation up 2 cycles; no
jitter observed.

¢. Turn chamber brine unit ¢
to increase chamber vibratic
activated elevation up for |
up cycles - no jitter.

10/3 No Jitter| Air Amb, a., Attempts to reproduce
jitter failed.

b. Operated TCU elevation,
with & without weight, chang
C.G. - no jitter.

¢. Obtained jitter waveform
by physically stalling TCU

..Lg_

platform.
10/5 Rewoqked (Geal Head Replacied) Tested Motor T¢rque a., Removed elev. drive assy:
1076 } Clutch Backlash at ,004" removed gear train from motg

& inspected.

Reduced backlash a:
clutch drive to .004" max.
! b. Replaced S/N 006 elev. d1
' assy with S/N 008 drive ass)
Retained existing motor and
gearhead (S/N 009-3)




PROBLEM DATE

TV

I

TCU

GEAR DRIVE

MOTOR

SYMFTOM

TEST CONDITIONS

Enviorn.

Temp.

REMARKS

13

._.Sg -

10,7

10/10

003

D0G-F3

FLT III

006~F3

FLT V

FLT V

FLT II]

FLT II]

No Jitter

No Jitter

No Jitter

No Jitter

Air

Vacyum

Vacuum

Vacuum

Vacuum

Amb.

+250C

+50°C

4+40°C

~10°¢

a. Thermal vacuum setup
CTV-003 outside chamber. No
jitter observed,

a. Elevation drive activated

up 1 cycle after turn on; no

jitter observed.

b, Elevation drive up activat
1.5 hrs and at turn off. No

jitter.

¢. 2 hrs of operation @ +25°C

a, Elevation drive activated
2 up cycles during 2 hr test
period. No jitter.

a. Elevation drive activated
1 cycle at turn on; no jitter
observed.

b. Elevation drive activated
1l cycle 1.5 hrs after turn on
No jitter.

c. Just prior to turn off,
elevation activated up 13 cyci
observed glitch on each cycle
near max. up limit.

d. Total operating time at
+40°C - 2 hrs.

a. Elevation drive activated
up from horiz. position to
max. up. At turn om - No
Jitter observed.

b. Approx. 1.5 hrs from turn
on, elevation up activated

2 cycles; no jitter observed
¢. Just prior to turn off,
elevation activated up for 1]
cycles, No jitter observed.
Platform left in horiz. pos.
d. 2 hrs operation at -10°C,




TEST CONDITIONS

PROBLEM DATE (CTV TCU GEAR DRIVE MOTOR SYMFTOM Enviorn. Temp. REMARKS

13 Spurious a. After 1.5 hrs of operation
it 'd Signal Vacuum 0°C 1at 09, elevation up activate
1 cycle, jitter observed on
1st cycle @ 34 sec. Elevatio
activated up. Jitter observe
on both cycles. o

b. 2 hrs operation at 0°C.

Jitter

Jitter Vacuum | +25°C |a. Jitter observed on 1lst up
cycle, and on all following
cycles. Jitter starts =z 20°
up from Horiz.

b. Brine unit and pump turned
off. Jitter still present.

Jitter Air Amb. a. Vented chamber. Jitter
observed on 3rd up cycle.
Spike on 7th up cycle. Ele-
vation up activated several
more times - jitter observed.

10/11 |[FLT O FLT III FLT V FLTIII] Jitter Air Amb, a. Raised bell jar. Elevatio
cycled several times; jitter

observed on all up cycles (5)
Jitter appeared to reduce in
severity, prior to jitter dis
appearing, observed only spik
on two preceeding up cycles.
b. Elevation drive cycled up
17 times. No jitter observed
Cycled up/down rapidly, on
19th up cycle observed jitter
No further jitter observed on
up cycles.

c. Increased TCU platform
loading by 200 gms, 500 gms,
cycled elevation up/down - no
jitter observed.

“Gg_‘

14 167138 002 | FLT v FLT III FLT V |No Jitter Air Amb, a. Thermal vacuum setup. No
jitter observed,

| 1019 No Jitter | Vacuum +25°¢c | a. Elevation drive up cycled
| 1} times after turn on - no

jitter.




PROBLEM DATE

cTV

TCU

GEAR DRIVE

MOTOR

SYMFTOM

TEST COMDITIONS

Enviorn.

Temp.

REMARKS

!

14
(vont'd)

_09”

10,12

003

FLT V

FLT III

FLT V

No Jitter

Jitter

Jitter

Jitter

Jitter

Air

Amb.

b. 13 hrs after turn on, el
vation up cycled 13 times -
no jitter.

c. Just prior to turn off,

after 2 hrs operation cycle
elevation up. observed slig
Jjitter on 1lst up cycle,

d. Cycled elevation up 2.5

hrs after turn on - jitter

observed.

e. Cycled elevation up 3 hr
after turn on - jitter ob-

served (much larger in ampl
tude). Set TCU platform to
point where jitter just sta
ted. Turned system off,.

a. Vented bell jar. Elevat
drive cycled up/down 5 tim
(not full up or down travel
Observed jitter on all up
cycles, System cycled OFF/
Activated elevation down ca
mand, observed jitter on do
cycle. Jitter on next elev
tion up cycle. Cycled eleu
tion up 4 more cycles - jit
observed. Removed 2-1lb CTV
simulated weight, cycled el
vation drive up - no jitter
observed. Replaced weight,
changed CG, jitter observed
No further jitter on eleval
down observed.

b. Removed TCU from chamber
for bench test,

c. Set up TCU on bench for
testing. Cycled elevation;
jitter observed on lst up
cycle., Jitter observed on
following 6 up cycles. Sys
turned off, removed elevati
motor, measured torque re-
quired to drive TCU platfo)



TEST COMDITIONS

PROBLEM DATE (TV TCU GEAR DRIVE MOTOR SYMFTOM Enviorn. Temp. REMARKS
i ] i 1

14 10,12 003 FLT V FLT III FLT V Jitter Air Amb. l|c. (continued) with weight.
ont'd) Stalled motor by hand, ob-

tained signature; replaced
motor; cycled elevation up
5 cycles; no jitter observed

_Ig-.




PROBLEM DATE

L5

cTv

TCU

GEAR DRIVE

MOTOR

SYMPTOM

TEST CONDITIONS

Enviorn.

Temp.

REMARKS

_zg -

10/12

10/13

003

003

003

003

003

003

003

Tlt IIX
Flt III

Flt III

Q II

Elt III

Q II

Flt III

Flt III

Flt Vv
Q II

Flt Vv

Flt V

- Flt V

Flt v

Q II

Flt Vv

Flt III
Q II

Fl1t III

Flt III

Flt ITI

Flt III

Q II

Jitter

No Jitter

Jitter

No Jitter

No Jitter

Flt II1 Spike

Mo Jitter

Air
Air

Vacuum

Vacuum

Vacuum

Vacuum

Vacuum

Vacuum

Armbient
Ambient

+25°C

+25°¢C

+25°¢

+25°%¢

+25°%C

+25°%¢

a.

Engineering tests as follc

1. Flt III TCU {(vacuum) -
Flt ¥V elev. drive(vact

2. Flt I1III TC {vacuum)+Q
elev. drive (air).

3. Q II TCU (air)+ Flt V
elev. drive (vacuum).

Set-up Test - No jitter

observed.

No jitter on first up cyc.
jitter observed on second
and third up cycle.
Turned system off replace
Fit III TCU with QIT TCU

No jitter observedon thret
elevation up cycles. Repli
QII TCU with Flt III TCU.

Jitter observed on first
elevation up cycle (27 se«
up from max down position]
jitter observed as stall
and run, Jitter observed
on all 5 elevation up cyc
Replaced F1lt III TCU with
Q2 TCU.

No jitter observed on 2
elevation up cycles.

No jitter observed on thr
elevation up cycles.
Compensating springs on Q
TCU.

System cycled OFF/ON; ele
cycled up 4 times - no
jitter observed.

Elevation cycled up 6 tim
no jitter observed. 2 spi
observed on fifth up cycl
System cycled OFF/ON, ele
cycled up four times, no
jitter.



FROELEM

DATE

CTV

TCu

GEAR DRIVE

MOTOR

=SYMPTOM

TEST CONDITIONE

Enviorn.

Temp.

REMAREES

15
ntd.)

-..-89_

1n/13

003

flt III

QII

Flt III

Flt Vv

Flt V

Flt v

Flt IIZ

Flt III

Flt IIIL

No Jitter

No Jitter

Jitter

Jitter

No Jitter

Jitter
(Elev. Up)
Jitter
(Elev.Down)

W
Jitter

Jitter

Jitter

Vacuum

+25%¢

g.
h.

After 20 minute inactive
period, elev. cycled up
four times, no jitter
cbserved.

System cycled OFF/ON; 1 up
cycle, no jitter

Lowered system input volt-
age to +25 volts, cycled
elev up, jitter observed on
first, second cycle.

Raised system input voltage
to +28 volts, cycled elev.
up 9 times, jitter observed
on 5th up cycle.

System cycled OFF/ON, elev
up cycled 9 times,no jitter
Lowered input supply voltage
to +25 volts. Cycled elev,
up/down jitter observed on
2nd through 6th up cycle.
Jitter observed on 4th,S5th
7th,8th,9th,10th,11th,13th
1l4th,15th down cycles.
Lowered input voltage to
+25 volts, cycled elev.
up/down jitter observed on
first up cycle, no jitter
on second up cycle. Jitter
observed on 1lst & 2nd down
cycles.

Raised input supply voltage
to +28 volts. Jitter ob-
served on 1lst & 2nd up
cycles. No jitter on 2

down cycles. System turned
off.

Jitter observed on 2nd,
6th up cycle. No jitter
observed on elev. down
cycle. System turned off.

4th

Jitter observed on lst,2nd
3rd. Elevation up cycle.
No jitter observed on dow!
cycle.



FROBLEM DATE

|

!

cIv

TCU

GEAR DRIVE

MOTOR

SYMPTOM

TEST CONDITIONS

Enviorn.

Temp.

REMARKS

_f,g -

10/13

10/14

003

003

Flt

Flt

QII

Flt

Flt

I1I

III

III

III

IT1

IIT

Flt Vv

Flt Vv

Flt Vv

Flt Vv

QII

QII

Flt IIJ

Flt III

004
(Spare)

Flt III

Flt III

QII

QII

Jitter

Glitch

Jitter

No Jitter

Jitter

Jitter

Jitter

No Jitter

Introduce
Jitter

Vacuum

Air

Vacuum

+25°¢C

Ambient

+25%

Lowered input voltage to
+25 volts. Jitter cobserwve
on lst, 2nd, 3rd up/down
cycles.

Raised input voltage to
+28 volts. No jitter obs:
2 cycles up/down.

Raised input voltage to
33.75 volts. Spike obse:
on 2nd up cycle.

Lowered input veltage to
+28 volts. Elev. cycled
five times. Jitter obsen
on third up cycle. Syste:
turned off.

10 up/down cycles, no jif
Turned off one hr.
Cycled elev. up/down 12 |
Spikes observed on 4th uj
cycle. Jitter observed ¢
8th,9th,10th, 1l1th, 12th
down cycles. System turns
off for 1/2 hour.

Cycled up/down, measured
torque.

Cycled elev. up/down 3%t|
Jitter observed on 2nd, |
up cycles. Spike on 4 doy
cycle,

Jitter on 1lst up cycle. 1
jitter on down cycle. Chi
to Flt III TCU QII motor,
gear drive.

Cycled elev. up/down two
cycles. No jitter.

Stalled TCU carriage by |
obtain stall signature.




PROBLEM DATE (TV TCU GEAR DRIVE  MOTOR SYMFTOM éﬂﬁ?ﬂ;ﬁ?ﬂDI}:ﬁg? REMARKS

e ] ! |

15 13/14 | 003 Flt III{ Flt Vv Flt III| Jitter a. Jitter observed on lst elev
kL) up cycle. Obtained stall
signature on expanded scale
No jitter on down cycle.
Repeated cycling up/down.
Jitter observed on all up

cycles.
QII Flt Vv Flt III| Jitter a. Cycled elev. up/down. Jitte
observed on all up cycles.
m1t III Flt III Flt III| Jitter Air pmbient |a. System turned on two hours

after venting.

b. Jitter observed on 3rd up
cycle.

c. Bypassed bell jar feed thnm
connectors., Jitter present.
d. Obtained motor stall signa-
ture in up/down postions
(hand stall). After hand
stalling observed jitter o
elevation down.

10/17 Flt III| Flt III Flt IIQ] No Jitter Air pmbient |a. eleven up/down cycles - no
jitter.

_g 9_.




PROBLEM DATE
. l

TV

1

TCU

GEAR DRIVE

MOTOR

SYMPTOM

TEST CONDITIONS

Enviorn.

Temp.

REMARKS

Ih

17
Luum
st of
! Motor
GCear
MWsS1ing

1y

_99_

18

16/17
72

10/23
72

<=

10/27
72

10/28
72

603

003

F3-006

Q2-003
(Air)

F3-(006]

F-3

(006)

F-3
(009)

No Reson-
ance

'No Loss of

motor
Toxrque in
Vacuum

No Jitter

Air

Vacuum

Air

mbient

+25°C

Ambient

d.

b.

Low fregquency vibration of
TCU, 0.5 G from 5 Hz to

60 Hz at % octave/minute.
TCU elevation operaticnal
during vibration, slight
indication of resonance at
14, & 23 Hz. No weight in
TCU cradle.

Dwelled at 14 and 23 Hz to
check for resonance. iione
indicated.

Added 2 1lb. weight to TCU
cradle, operate TCU
elevation during vibration
swept from 6 to 30 Hz @ %
octave/minute. No resonan
indicated.

Vacuum test of F-3 eleva-
tion gear drive and motor.
Test Set-up

1. Fixed load attached tc
output of elevation
gear drive utilizing
elevation clutch as
load.

2. Strain guage used to
monitor performance of
motor in vacuum.

63.5 hrs total time in

vacuum, 5.2 hrs. total

operating time of motor.

Motor cycled in both

directions.

Results: Measured a decre:

of 7% in motor torque.

Pre vibration, post vibra
tion, & thermal vacuum
setup. No TCU elevation
drive jitter observed
CT7-003-Q2 placed in
chamber.



PROBLEM
I

DATE
{

cTV

TCU

GEAR DRIVE

MOTOR

SYMFTOM

TEST CONMDITIONS

Enviorn.

Temp.

REMARKS

{Cont.

)10/31
72

lQ

rnt

les in
llows,
gear
wusing

-ng

10/31
72

11/1
72

11/3/
72

003

003

003

F3-006

F3-006

Q2-003

F3

Jitter

Jitter

No Jitter

No Jitter

Jitter

Jitter

No Jitter

No Jitter

No Jitter

Vacuum

Air

Air

Air

Vacuum

Air

Air

Air

Vacuum

+25°C

Ambient]

Ambient

Ambient

+25°C

Ambient

Ambient

Ambient]

+25°C

No jitter on 1lst elev. up
cycle. Jitter observed on
2nd up cycle.

Jitter observed on elev. u
after chamber vented. TCU
operated for 10 minutes
then turned off.

35 minutes after chamber
vented, elevation jitter
now existant.

Drilled vent holes in
bellows, & gear housing.
Observed single spike in
elevation up, observed
decrease in AC component
or current during last 8
sec. of up travel.

Jitter observed on 5th up
cycle, spike on 4th up cyc¢
Vented bell jar after 3 h:
operation in vacuum. Jitt
observed on lst up cycle
action venting. Jitter
present 20 minutes after
venting chamber. TCU
observed to vibrate with 1
elev. drive.

Remove TCU from fixture,
turned TCU on side with
gear housing up, TCU put
in normal position. No
jitter in either case.
Unable to reproduce jitte
with TCU bolted to fixtur

Thermal vacuum setup. No
jitter observed.

Thermal vacuum testing -
50 up/down elevation cycl

. Total time in vacuum 27 h



TEST CONDITIONS

EEPBLEMIDATE cTV TCU GEAR DRIVE SYMPTOM Enviorn. . Temp. REMARKS
21 003 F4-007 No Jitter| Air Ambient Thermal vacuum setup. Drc
Loaam into up mechanical stop.
ast 'TCU Misaligned limit switch
N0O7~F4 acturately repaired. No
/6 G elevation jitter.
‘oight No Jitter| Vacuum +25°C No jitter observed. Per-
formed 4 tests on TCU per
TP-0OP-2265825. 1/6 G
weight.
Total time in vacuum
003 No Jitter| Air Ambient Thermal vacuum setup. 2
aceun elevation up cycles with
:est TCY 1/3 G weight. ©No jitter,
IN007~-F4 No Jitter| Vacuum +25°C Turned TCU on for 1 hr
J3 G before testing elevation
‘cight drive.
2 elevation up cycles, wi
\ 1/3 G weight. No jitter
& Total time in vacuum
23 002- | 006-F3 No Jitter| Airx Ambient Thermal Vacuum setup.
Tacuum Q1
:est of {out Jitter Vaccum +25°C Jitter on 3rd elevation
)CU SN side cycle.
%?f:ig'ﬁ ggi?m Jitter Vacuum +25°C Jitter on 1lst elevation
ST cycle.
toi ‘ES’ Jitter Vacuum +25°C Elevation motor synced
YL from external source.
=1lows .
s TCU cycled e%evatxon up @
ounted frequencies from 55Hz to
n staff 100 hz. Jitter observed
.. Staff all up cycles.
rounted Elevaticon motor synced
: ‘ from external source.
on low .
frocuanc Cycled elevatl?n up, swe
1
e motor frequencies from 2
Cibere to 100 Hz. Jitter presen
s at all frequencies.
r Jitter Vacuum +25°C Returned to integral

motor sync, elev. Jitter
present in up & down

POsitions.



TEST CONDITIONS

PRDBLEMrDATE 1 CcTV 1 TCU GEAR DRIVE MOTOR SYMPTOM Enviorn. , Temp. REMARKS )
23 Jitter Nitrogen +25°C Vented chamker by back
conttd) filling with nitrcgen.

Ditreagn Jitter present. Cycled

trosphare elevation up 40 cycles,
jitter present on all
cycles of elevation. Ele
drive cycled in nitrogen
atmosphere over a periocd
of 4 hrs.

1/6 G No Jitter| Air Anbient Raised Bell. added 1/6 G

Crinas compensator springs. No
jitter observed. Jitter
present with springs
removed. Cycled elevati
10 up/down cycles with 1
G springs on, no jitter
present.

24 11/6 | 002- | 006-F3 No Jitter | Vacuum +25°C | a. Cycled elevation 30 up/
1/6 G 72 Ql down cycles. No Jitter
Compen- cbserved.
sator Jitter Air Ambieny] b. 1/6 G springs removed
Springs (removed after venting, jitter
Zoft, 1/6 G observed.

“ullows springs)
CU en
staff,
taff on
T res| 11/7
> Fix. 72
25 11,15/ 003 006-F3 |Flt III No Jitter | ATP a. F3 tested with damping
11/16 Air spring on eact test. No
11/17 Vacuaum discrepancies encounterg

\ Air

[=r]

P




SECTION IV

APOLLO 17 THERMAL DATA

The GCTA CTV used during the Apollo 17 mission included a temperature sen-
sor to measure vidicon sleeve temperatures near the SIT target. The tempera-
ture telemetry information was contained in a pulse, modulated to indicate
temperature level, inserted in line 18 of the CTV composite video output signal.
Figure 8 illustrates the telemetry waveform.

LINE 18

10-40 USEC ——df jfe—r i — — —

L

Figure 8, CTV Temperature Telemetry Waveform

|
¥
—td E-——-—— 10 USEC
i

A summary of CTV temperature measurements obtained during the Apollo 17
mission EVA-1, EVA-2, EVA-3 and lunar liftoff is shown in Table 5. The
temperatures obtained were based on the calibration curve shown in Figure 9,
which was obtained during the CTV alignment test. The dotted portion of the
calibration curve is a theoretical projection. The temperature telemetry was
calibrated to a maximum temperature of 122°F,

The initial temperature of the CTV at the start of EVA-1 was measured to be
53,6°F. The predicted temperature at turn on was 50°F. During the course of
EVA-1, the CTV reached a maximum temperature of 86, 0°F, The predicted
temperature was 87°F for an ¢ of 0.2 (slight dust). The CTV had operated with-
in the predicted temperature extremes at the conclusion of the first EVA, The

CTV lens was pointed down 45° with the radiator away from the sun after the
EVA.

-70-
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SUMMARY OF CTV OPERATING TEMPERATURES
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Flight 3 CTV Temperature Telemetry Calibration

Figure 9.



After being off for 17 hours and 12 minutes, the GCTA was turned ON for EVA-2,
At turn on, the CTV temperature was measured to be 57.2° F, approximately 26°
hotter than predicted (for anq of 0.2). A maximum temperature of 90°F (a = 0. 2)
had been predicted for the end of EVA-2, However, the CTV reached a maximum
temperature of 104.5° F, approximately 14° hotter than predicted. At the conclu-
sion of EVA-~2, the lens was pointed down 45° with the radiator away from the

sun for maximum cooling.

After a cool down period of 16 hours and 1 minute, the GCTA was again turned
ON for EVA-3, It had been predicted that the CTV would cool down to 52°F

(e = 0,2) at the beginning of EVA-3. This prediction was exceeded by 7°F with
a CTV temperature of 59°F at turn on. During EVA-3 the CTV reached a maxi-
mum temperature of 134, 5°F. The predicted maximum was 122°F (@ = 0.2).
Although the CTV operated above predicted temperature levels no apparent deg-
radation occurred in picture quality. At the conclusion of EVA-~3, the lunar
rover was moved tfo its final lunar position, and the CTV was stowed with its
radiator horizontal,

The CTV was turned on 43 minutes prior to LM liftoff. At this time, the CTV
temperature was 81,6°F, At liftoff, the CTV reached a temperature of 95,3°F,
The predicted maximum temperature at liftoff was 106°F (o = 0.2).

A plot of CTV temperature vs EVA time for EVA-1, EVA-2, and EVA-3 is shown
in Figures 10, 11 and 12 respectively. Figure 13 is a plot of the CTV tempera-
ture prior to liftoff. The CTV temperatures during EVA-1, EVA-2, EVA-3 and
liftoff have been plotted on a single graph and are shown in Figure 14. Included
for reference are the temperature prediction curves shown in Figures 15 and 16
for the CTV SIT tube and the TCU component boards, The curves were obtained
from LCRU/GCTA thermal control data by E.T. Chementi dated 11/15/72.

During the lunar mission, the GCTA operating time was thirteen hours and

twenty-two minutes (13:22)., A summary of GCTA operating times is provided
in Tables 6 and 7.
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SECTION V
EQUIPMENT STATUS

The following GCTA indentured serial number list indicates the latest numbers
assigned to GCTA equipment and piece parts that are serialized. The revision
status of each unit or part manufactured also is shown. The list has been up-
dated to reflect all product improvement effort.
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NOTES:

CORI'1GU

QI(S/NQ0D2) Difforaences

a.

h.

Digital Decoder kd.,
Not Changed

CTV, Partially Chenged
Filter Wheel Drive Ass'y.
Mod, Coloxr Flag Det,

Thermal Control Blanket
(Velcro) Not Chenged

Shaft, Not Changed

H.V. Pur., Supply, Not

Changead
Changcd Strap Handle

Q2(S/KC03) Differences

a.

b.

GO

£.

(‘r.

CTV, Partislly Changed
Filter Wheel Dr. Ass'y.
Mod., Coloxr Flag Det.

Thermal Control Blanket
(Velero) Not Changed

Shaft, Not Changed

H.V, Pwr.

Changed
Cha pfrcd Strap Handle

Sipply, HNot

F1(S/N004%) Differences

il

Cable Ass'y.

1--

K

; T296-

LA, L e L AT

L CCiLl 208
40671

IRATION DIFFERENCES ON GCTA

Part Ho.

22658026+-502

2265613-501
22658340-502
2264779-501

2264293-501

2271424-505
1974845-1

22605 10 1

2269) 4-502
2265826-502
2265840-302
2264779-1501

2264293-501

2271424~505

19748451

510~1
9344-502

2205P76 501

2265104 -501

Incorp.
Rev.
Dwg PL
D D
D D
H G
A C
D +
D +
A A
D D
K G
A c
D +
D +
A A
A Cc

RO

1972482

!
!

e

fsset

(



—————————— 4o

TCU

Comb, Bd. - lotor Damping

Azimuth Drive Ass'y.
Motor Gearhead Ass'y.
Elect. Encl, Asa'y.
Mod, - DC/DC Conv.
Motor Drive Bd.

fotor & Gearhead Ass'y.
Elevation Drive Ass'y.
Motor & Gearhead Ass'y.
CTV

Filter Wheel Dr. Ass'y.
Mod. Color Flag. Det.
Vidicon

Video Ass'y.

ALC Comp. Bd.

Shaft, Not Changed

H.V. Pwr. Supply, Not
Changed

CONT IGURATION DIFFERENCES ON GCTA (Centinued)

[ Gt

Inccerp.

Rev.

Part No. Dug E&
2265325-50T" J G
2262457-501 B B
2264290-501 C c
2260194-102 A +
2265823-501 H E
2265606-501 H K
2271061-503 c B
2260594 -1 B +
2265834-501 c Cc
22605%4-1 - +
2265840-501 E D
2264779-501 - -
2264293-501 A C
2260102-1 C +
2265817-501 H H
2271057 -501 H H
1974845-1 D +
2260510-1 D +

- i 19724357
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CONFIGUEATION DIFFERENCLS ON GCTA (Continued)

F2(S/N005Y Differznces

a.
b.

F3 (S/N008°

Shaft, “ot Changed

H.V, Power Surzly,
Not Changed

Differ=nces

F4

All changes ar= Cut-In

H.,V, Powver Suzrnly,
Changed

Color Czmera Ass'y,
Changed

Incorrorated
Thernzl Blankets

Spacer,

Revised

Revised Vidiccn Yoke Ass'y
Vidicon
Revised Lens ~ctuator Ass'y
Changed Bracliet-Adapzier
Changed Brack=t

Revised to New Retairer Lens
Changed Switec> Bracket

Added Yew Spacer Gear Jousing
Changed Strar Handle

Added Xit-Assy Spring Damper

(S/N0OTY Difforences

H.V, Power Stpply, Yot
Chang=d
Color Camera issy, Chanced

Spaccr, Not Incorporated

Revised Thermal Blankets

Chans<d Strar Handlg

Added Hit Asswv Spring

Dampoy

Part No.

2265826-502

1974845-1
2260510-1

2265826~ 5922

2260510-1
22G65840-502

2268311-1

2271424~ 508,
509

2264795~-3502
2260102~2
2262410~502
1974442~2
2262910~2
2275192~-1
1974484~2
23769681-2
2269344~ 35302
2275697~301
2265826~ 502
2260510-1

2265840-502
2268311~1

2271424-508
~ 309
2269344-502

2275687-371

Incorg.
Dvg  :zL
D 2
D -
D -
D D
E -
N L
B 3
E 3
E -
D c
D -
C -
A +
C +
B -
A A
D D
D <+
L J
+ -
B A
A A

SR



CONTIGURATION DIFFERENCES ON GCTA (Continued)

-

.

8 = K e = 0 M

Incorp.
Rev,
Part No. Dwg PL
7. F5(S/N008) Differcnces 2265826-502 D D
All Changes are Cut-In
H.V. Power Supply, 2260510-1 E +
Changed
Color Camera Ass'y, 2265840-502 N L
Changed
Spacer, Incorporated 2268311~1 - +
Revised Thermal Blandk ts 2271424~508 B A
509
Revised Vidicon Yoke Ass'y 2265795~ 503 E B
. Vidicon 2260102-3 E -
Revised Lens Actuator Ass'y 2262410-~502 D C
Changed Bracket Adapter 1974442-2 D +
Changed Bracket 2262910-2 C +
Revised to New Retainer Lens 2275192-1 A +
Changed Switch Bracket 1974484-~2 C +
. Added New Spacer- Gear 2269681-1 B +
Housing
. Added New Spacer Gear 2269681-2 B +
Housing
. Changed Strap Handle 2269344-502 A A
Added Kit Assy, Spring 2275697~ 501 - -
Damper
Size % Code ident No. I 1972482
b a e
ﬁ%ﬁ__;&E?(}:’T I
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SECTION VI

DRAWING STATUS

Updated drawings generated since July 31, 1972 have been forwarded to NASA/
MSC to reflect product improvement changes in GCTA equipment. The following
Contract Class I and Class II changes have been submitted:

Class I Changes

Drawing No.

1972482%*
2265825%
PL-2265825%
PD-2265826*
2269344*
PL~2269344*

Class II Changes

Drawing No.
1972482*

1974442%
1974487%
2262410%
PL-2262410%
2262910*
2265840*
PL-2265840%
PD-2265840%
2269681*
2275192%

*Multiple ECN

Rev.

> o R 2

Rev.

c,D

HZopguowyg

d

S

i

Remarks

Changes will delineate new strap handle,
kit assembly, and S/N changes for eleva-
tion drive and motor gearhead assembly,
resulting from F.I.A. Report No.
P-RC-0043, approved by TWX No.
5106852652 dated 11-20-72,

Remarks

Changes will provide clearance under
worst case dimension conditions and
clearance for IRIS/ZOOM knobs.

\J

Dimensional change will allow rear
lens flange to fully seat in lens re-
tainer,
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Class II Changes (continued)

Drawing No. Rev,
TP-2265825* A
TP-ET-2265826* E
TP-2265840* B
1972482 E
1974878 B
2268311 A
2275697 A

*Multiple ECN

Remarks

Make minor corrections, revise temper-
ature time profile and limits. This will
now conform to the requirements of
Qualification/Acceptance Test Pro-
cedure, TP-OP-2265826.

Interchange S/N callout of elevation
drive and motor gearhead assembly for
F-3 and F-5;

Correct number of teeth callout for gear
Correct dimension of hole location

Add, in lbs. to notes 3, 4 and 5.
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APPENDIX A Revision 1

APOLLO PROJECT

P.0. No. IDT GX-1F5210-0655~737

Qualification Test Procedure

for

16émm Silicon Intensifier Targzet Tube, Type C21129B

Manufacturer - ECA Corporation
Industrial Tube 2Jivision

August 3, 1972

Superze-es:  CGetobzr 9, 1970
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Table of Tests

’_I_‘S__s_{;,_ Test Vome

2.1 Sinusoidal Vibration
2.2 Random Vibration

2.3 Acceleration

2.l Shock

2.5 Temperature Cycling
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Lisl of Test Ccuinment

Test Eguipment Characteristics Heouired
1. Vibration Exciter Ling (35004% or 20004 system)
2. Random Motion Console
#892070 B Model T 388
3. Rotary fccelerator
#892083 Schaevitz Fodel B-10-D
L. Mediwn Irpact Shock
Machine Barry Control Hodel 16305
5. Temperature Chamber Am. RSCH. Corp. 5036-100L00

6. Special Holding Fixturs IHodel 1191
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Test trone

QUTES

1.

1.1

2.3

General - Uualess otheruise specified, all tests shall be perfor:e

on a potted tube assemsly under tre conditions listed below.

Upon complaetion of the qualification test prosram, the Lube assenbly
shall meet tne optical and eleciricsl performance requirements of
part 1 Acceptance Test rrocedure ror Center Iesslution, Dark Current,
Grid 1 cutoif wvoltage ano alipnment field currznt,

Mo voltages are applied to the tube assemzly as the tests are non-
oparative.

)

Axes orienvaiion according to

-
=
e}
W
‘_d
-

Cualification tests.

Sinusoidal Vikrstion

a) Feguirement - The <ube assemily shzll withstand sinusoidal
vibravion in X, Y, znd 2 axes,

b) Conditions - The *ute assem~ly, aon-operatines, will 'e suitably
clamped in e scecisl holding fixture such that the assexnnly 2
axis will ce either norizontsl or with the fsceslate upn, Vitraziion

shall te e% a peax displace:eat aaplitude of 0.2% iach or €.0 g cveak

(whichever -ives less zccelerasiion) from § to 100 to & Hz at a rate
of two octaves ner minute,

c) li=asursiest - See Geacrsl, seciioa 1.

Eandom Vitration

&) Reoquiremesut - The tube assembly shall withstand random vibration
in the X, ¥, and 7 exes,

b) Coniitions - Tae wube assemcly, non-operavin~, will = suitably
clampad in & specisl holiing fixture such tnat the essenmbly 3
axis will ve eltnesr norizontal or with the faceplate up, Vitration
in the range of 20 to 2000 Hz for a duratisn »f two minutes per
axis and witn 2 {lat spectrum gt Q.0l ¢ 2/ in the Z axis, at
0.10 ?2/nz fram 20-13C0 Hz wizh =12 db/och rol?of’ from 1300 t
2000 in the Y axis, and at 0.03 z2 Mz 20-100 with 11crvase to
150 iz a1d at 0,10 z%/42 150-250 f’tn decrease to LQO Hz and 0.C3
g2/Hz 00-650 with =12db/oct rollozf £50-2000 in X axis.

c) lleasursmeal - See lJenersl, Sectioa 1.

Acceleration

a) [Reruireueat - The tube assemtly shall be cspatle of withstaading
20 of accelieration in sach axie,

b) Condiiions - 2e zure assemwly, 1on-opareiiarc, will be s:itauly
clzasod in o 2recisl ailding Jixlure. sccelevauion avel will
¢ esseatially uaiorm Lhrou (ous e asses: o aad for tae 2
axis »ill 2 in vh2 qe~gtive 4dirseiion only. After oitainin-
20~, tro level will ‘e mainlzined ior Liree minuges, (n2 run
will ma prade iq eacs axis,
¢c) ieasura-eqt - g2 Ja;erﬂl. ~acnia 1.
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Proca:dures

A¥2 %

Shock

a)

b)

c)

Regquireneat - The tute assnmbly si2ll te capable of withstanding
three shocks of 20 Y 2¢ for 11 ¥ 2.2 milliseconds (hali-sine
pulses) in each direciion of the three mutually perpendicular
axes for a total of 18 chocxs.

Conditions - The fube assemolv, non-operating, will be suitabdly
clamped in a snecial holdinz fixture,

Measuremeat -~ See General, Section l.

Termperature Cvcling

a)

b)

c)

Pequirens1t - T'ne tuke essemoly s:ell withstand high and low
temperature cycling with tie upper temperature of +65°C znd the
lower temczrature of -15°C,

Conditions - The tube assembly, non-operating, will be rain-
tained at -15°C Ffor a%t least five minutes. The temperature
will then e increased to +6§°C in less tnen 100 minutes and
the assently will be mezintained a% +65 C for at least five
minutes oelore *nturﬂxn" to room temoﬂrauur -Cycling will

te conducted oetween -15 RE 21d +Op for a mlnimum of five cycles.
Feasurereat - cee Seneral, Secsion l.
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Figure 1,
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