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FOREWORD 

This report was prepared by Hughes Aircraft Company, Space 
Systems Division, El Segundo, Califor,nia, under Contract F33615-68-C-
1676. The work was administered under the direction of L. D . Massie, 
APIP-2, Air Force Aero Propulsion Laboratory. 

The period covered extends from 29 J une 1970 to 27 September 1970. 
Contributors to this report include E. 0. Felkel, G . Wolff, M. C . Olson, 
W. N. Turner, R. E. Daniel, G. P. Steffen, D. Plummer, R. K. Geiser, 
G. Lindenman, C. Duncan, and D. Lane, all of Hughes Aircraft Company, 
Space Systems Division, El Segundo, California. 

The work covered herein was accomplished under Air Force Contract 
F33615-68-C-l676, but this report is being published and distributed prior to 
Air Force review. Publication of this quarterly, therefore, does not 
constitute approval by the Air Force of the findings or conclusions contained 
herein. It is published for the exchange and stimulation of ideas. 
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ABSTRACT 

The main activit ies on the Flexible Rolled - Up Solar Array (FRU SA) 
program during the ninth quarterly repo rting period consisted of ass e mbly 
of the development / q ua lificatio n mod e l of the o rientation me c hanism, sola r 
a r ray, drum mechani s m, contro l e l ectroni cs unit (C EU ~ and solar cell 
e lectron ics un i t (SCEUL 

Ce ll s, s i m ula t e d blank s , and busses wer e bonded to the two 
qualifi q1 ti o n m o,d e l pa n e l s. T he pane ls were connected to the drum 
mechanis m, whi c h ha d bee n assembled without the interface wiring, and 
wa t e r t a ble d eplo y me nt / r e traction tests on the complete assembly success
fully conducted. Functional acceptance testing bf the CEU and the SCEU 
have be en initia ted. T he instrumentation conditioning unit (ICU) is still 
a_waiting the two hi- re lia bility capacitors before acceptance tests can be 
initiated. Fabrication of detailed parts for the power conditioning unit (PCU) 
a nd . battery / charge c ontroller are nearing completion, and detailed parts 
dra wings and the sche matic have been released for the load bank assembly. 

An updated FRUSA/Agena wiring diagram, Space Experiment Plan, 
and Flight M odel Des ign and Test Specification have been completed and sub
mitte d to W right-Pat terson A

1

ir Force Base. 

The fourth semiannual FRUSA system review was held on 15 
September. Attendees included representatives of the Air Force, NASA, 
Aerospace and Hughes organizations. ~everal working group meetings were 
held between SAMSO / Aerospace/LMSC and Hughes to resolve interface 
problems, the most serious of which are interference between the orienta
tion mechanism drur'n axis shaft, . and a spacecraft antenna dipole . 
Additional tasks impleme nted during the reporting period were a shading, 
E MI/ E M C, and a structural dynamics analysis. 

iii 

0 



I 

CONTEN TS 

--' 
I INTRODUCTION A N D SUMMARY 

II PROGRAM STATUS 

Phase I - P r ogram De finition 
Phase ll - Design Study and Analysis 
Phase Ill - Model Fabrication 
Phase IV - Qualification and Flight A ccep tance Tes ts 
Phase V - Flight Test and Data Analysi s 

Ill SYSTEMS E 1 .GI EE RING 

Summa ry 
0 rbita 1 Op~ra tions 
Documentation 
Semiannual Review 
Meetings 
Command Modification 
Penumbra Transition Operation 
FRUSA/Agena Power Interface 
FRUSA Weight Summary 
Eclipse Power Summary 
Work to be Performed During Next Period 

IV SOLAR ARRAY SUBSYSTEM 

Subsystem Description and Status 
Design and Analysis Task 
Engineering Test Program 
Fabrication Status 
Work to be Pe~formed Next 01.:..a rter 

V ORIENTATION SUBSYSTEM 

Summary 
Mechanism 
Sensor Group 
Control Electronics Unit 
Meetings 
Plans for Next Quarter 

VI POWER CONDITIONING .ANp STORAGE SUBSYSTEM 

Battery/Charge Controller 
Power Conditioning Unit o 

Load Bank 
Work to be Perform d Next Oua rter 

V 

Page 

I 

3 
3 
4 
4 
4 

5 
5 
6 
7 
7 
8 
8 
10 
10 
I O 
10 

15 
15 
17 
19 
'21 

23 
23 
2·5 
25 
25 
26 

27 
27 
29 
29 

\ 



VII I STR E TATIO SUBSYSTEM 

Work P e rformed During Reporting Period 
ew Telemet r y Signals 

Strain Gage Measurements 
Proposed Agena Telemetry Modification 
Solar Cell Electronics Unit 
Instrumentation Conditioning U nit 
Commutators 
Accelerometers 
Strain Gage Amplifiers 
Work to b e Performed During ext Period 

VIII SYSTEM TEST 

Planned Activities fo r ·ext Report Period 

IX RELIABILITY 

Plans fo r the ext C'ua rte r 

ILLUSTRATIONS 

f Program Schedule 
2 Post-Twilight Penumbra! Encounter Durations 
3 M odifie<l Power Conditioning and Storage Subsystem 
4 Flight Solar Array Current - Voltage Characteristics at 170°F 
5 Flight Solar Array Power - Voltage Characteristics at 170°F 
6 Flight Solar Array Maximum Power Versus Temperature 
7 So lar Array Subs,~·stem Mounted on Water Table for 

Engineering Tests 
8- Solar Array Subsystem Deployed on Water Table for 

.Engineering Tests 
9 Thermal Cycling Te.st 
10 Solar Array Vertical Handling and Test Fixture 
11 Orientation Mechanism 
12 Power Conditioner and Storage Subsystem Functional Block 

Diagram 
13 ew Load Bank Load Lines 

1 
2 

TABLES 

FR USA Flight Weight Summary 
Eclipse Power Summa r ~r 

\ 

31 
31 
31 
32 
32 
33 
33 
33 
33 
33 

35 

36 

37 

37 

3 
9 
9 
16 
16 
16 

18 

18 
20 
21 
24 

28 
30 

l l 
12 

• 



.. 

• 

\ r 

SE C T IO I 

I TRODU CTIO - A D SUM ARY 

This document reports progress i n the ninth quarter (2 9 June to 
2 7 September 1970) on A FA PL contract F33 6 l 5 - 68 -C-I 676 , Flexible 
Rolled-Up Sola r Array, Proj ect umber 8 2J . 

The main activities .on the Flexible Rolled- p Solar Array (FR USA ) 
program during the ninth quarterly reporting period consisted of assembly 
of the development/qualification model of the orientation mechanism, solar 
array, drum mechanism, control electronics unit (C EU) and solar cell 
electronics unit (SCEU ) . 

Cells, simulated blanks, and busses were bonded to t he two 
qualification model panels . . T he panels were connected to the drum 
mechanism, which had been assembled without the inte dace wiring, and 
water table deployment/retraction tests on the complete assembly success
fully conducted. Functional acceptance testing of the CE U and the SCEU 
have been initiated. The instrumentation conditioning unit (IC U) is stiil 
awaiting the two hi-reliability capacitors before acceptance tests can be 
initiated. Fabrication of detailed parts for the power conditioning unit (PC U) 
and battery/charge controller are nearing completion, and aetailed parts 
drawings and the schematic have been released for thP load bank assembly. 

An updated FRUSA/Agena wiring diagram, Space Experime~t Plan, 
and Flight Model Design and Test Specification have b e en completed and sub
mitted to Wright-Patterson Air Force Base. 

The fourth semiannual FRUSA system review was held on 
15 September. Attendees included representatives of the Air Force, N ASA, , 
A~rospace and Hughes organizations. Several ~orking group meetings were 
held between SAMSO /Aerospace/LMSC and Hughes to resolve interface 
problems, the most serious of which are interference between the orientation 
mechanism drum axis shaft and a spacecraft antenna dip•ole'. Additional 
tasks implemented during the reporting ·period were ·-a shading, EMI/EMC, 
and a structural 'dynamicr; analysis. · 

The format of this quarterly report is designed to present the status 
of each major system element' in a separate section. 
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SECTIO II 

The Flexible· Rolled-Up Solar Array (FR USA ) pr?gram is divided 
into five phases, as d e·scribed iri the paragraphs that -follow. The current 
program sche·dule and ~tatus are showri in Figure 1. , . 

PHASE I - PROGRAM DEFINITIO 

Major milestones associa ted with this phase and scheduled during 
this period have been completed. Included in this · category are all the pro
gr~m .re q,airements, design, and test requirem~nts . · 

. -
PHASE II - DESIG r STU DY AND ANALYSIS 

The study phase of the ·prograll) ha!i been completed and a firm 
baseline design established. · Desig'n packaging details ·have been completed. 
Additional a.nalysis tasks qefined during tp.e intP..rfa_ce working group meetings 
are being initiated 'at this time . These tasks include the .in~tallation· of a 
support axis position indicator assembly/sens

1
or element to "be provided by 

the mission integrating contractor; a Thorad/Ag~na ,structura~ dynamics 

,, ·~ 1969 19"' 1971 1972 
EVENT 

J ·s 0 NI D 10 20 JO .:) 10 20 JO .t() , IQ 2Q JO ,IQ IQ 2Q Jo- ,IQ A 
' 

8 

PIOGRAM DEFiN'l TION \ 
TECHNICAL Pl.AN ' 
PRELIMINA.IY INTUf.ACE ~ECIFICATION a 
FINAL INTEllfACE SPECIFICATIQt,I 
AND OISITAL EXl'UIMENT PLAN • ' 
IA.SELINE DESIGN ... 

' PREUMINAIY OUALlflCATION MODEL 
DESIGN AND TEST SPECIFICATION ... , F 
DESIGN tfVIEW ~ j I"'-, 

OUAUFICATION MOOEL D'!'SIGN AND 
j 

., 
•,TEST SPECIFICATION . 
FLIGHT MODEL DESIGN AND ·1.ST ; 

~ECIFICATION j 

DESIGN STUDY AND ANAl YSIS V 

I.Sk- S AND O:S TO :lD kw 
DE SIGN STUDIES 

' I COMl'ONENT DEVELOPMfNT TESTS .. 
C;OMl'ONENT LIFE TESTS • 1111'1 ii 
DUWING RELEASE • MAl-«.Jf ACTU Rll'-IG 

DEVUOPMENT/ QUAllFICATION MC0EL . 
; " 

FLIGHT MODEL 

b OUALIFICATION AND FLIGHT ACCEPTANCE 

QUALIFICATION TESTS ' 
I 

FLIGHT ACCEPTANCE TESTS I ., 
FLIGHT TEST AND DATA ANAlnts ' -

, PU...-1..NCH ~ ~ 
...-I.NCH 0 
EVALUATION ANO lf'9tn " l::J 

Figure 1. Program Schedule 
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ana lysi s t o define ascent structural excitation levels and frequencies for the 
th ,ree - point atta chment t o the vehicle / forward r,-cli; a shading analysis to 
d te rmine power o utput variations occurring d ti ring eclipse sea.son light
time transient shading d f the flexible array experiment solar panels by the 
SESP 7)-2 ve hicle fixed rigid solar panels; and an electromagnetic compati
bility s~udy t o de termine t~e potential inte.rfe,rence effects to the Agena aria -
t h eff 'c~• Of the Agena payloj d and telemetry on FR USA. 

. ) / 
1'. • 

PHASE ILI - QDE L F ABR ICA TIO N 

AU engineering drawings have been released. Fabrication of the 
e ngineering'/qualif1cation mqdel is proceed ing. Assembly operations on the 

·· qua lifi c at~on paiiel and orientati9n mechanism a.re _nearing completion. 
umerous ,P,. ir Force/Aerospace/Hughes/LMSC working group meetings to 

, res o lve interface problems have been held and more are scheduled during 
th e next reporting period : 

P HASE Iv- .:~ Q UA<•LIFICA T IO N A ND FLIGHT ACCEPT·ANCE TESTS 
... 

Qualification and flight acceptance tests will be conducted according 
to the test pl.~n. 

/ 

P HASE V -. FLIGHT TEST AND D,A TA ANALYSIS 

a nd 
The flight · fest and data analysis phase will include prelaurn;:h checkout 

countdown •procedures as ~ell a~. ~n-orbit operation, ~nd analysis. I 

/ 

/ 
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SUMMARY 
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SECTION III 

SYSTEMS ENGINEERING 

The systems engineer ing activity during this · period included :' 

• Updating o f FR USA documentation 

• Command modification 

• Penumbra transition study and modifications 

• 
. . I 

FR USA/ Agena power inter fac e sf itching logic 

e Updating eclipse power summa'ry 

• Updating weight summary 

ORBITAL OPERATIONS 

/ 
I 

i 
I 

j 

/ 
I 

./ 

The integrating contractor rresented an Orbit Operations Plan during 
his 30 percent design review. Th).s included the deployment of the FRUSA 
under the c _ontrol of a sequencer/tim·er. Initially, }tughes requested that the 
FR USA be deployed to its operational popti-on by-a reaLti~e _pyro -command 
for maxirnum operational flexibility a}rtl not be dependent upon-tbe proper 
operation of the Agena timer. LM~C informed Hughes that for safety 
reasons all Agena pyro commands/are sequencer controlled to prevent 
inadvertent ground command tra-rismission of these critical events. Hughes 
is still somewhat apprehensive about the operation of the sequencer an9 
woul • prefer to have all FRUSA functions perfor~ed by real time ground 
commands. The operation of this sequenc~r must still be thoroughly 
reviewed with LMSC to assure' that no interference with the proper 
deployment of FRUSA occurs. 

The LMSC Orbit Ope r ations Plan specifies that during the }3th orbit 
the sequence tim~r will pitch down the Agena vehicle and transfer· to a 
wideband pneumatic mode (from ±. 0. 2 to ± 3. 0 degrees). The Agena rigid 
arra.y, FRUSA, and ONR antennas are then deployed. Approximately 6 , 
minutes are allowed for stabilization before a_~tiv:ation of the control \ 
moment .gyros. The ·pneumatic 'system continues to operate, reinforcing 
the-action of the gravity gradient mode control moment gyros/ The vehic e 
torques are monitored to verify that they are low enough to,,a11ow capture of 
the vehicle attitude by the control moment gyros. If p~rf f mance of the · 
gyros is satisfactory, the pneumatics are deactivated d ring the 14th orbi . 
. Data readouts for SAMSO-002 are scheduled to contin . e through the 16th 
orbit, _with the last readout obtained from the Kodia, 1Trackin'g Station . 

., 
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FR USA array extension is planned for the 16th orbit after control has 
passed from Kodiak to the Hul a Trackin g Station . Sun acquisition is 
s c heduled for the 17th orbit during the Kodiak pass. 

A r ecent ana lysi s by LMSC has indicated that the FR USA drum 
mechanism, in its initial deployed position, will interfere with the Agena 
horiz0n sensor. The horizon sensor is used until the pneumatics are 
deactivated in the 14th orbit. The refore , it m ay be desirable to command 
sun acquisition immediately after deployment to move the FRUSA from its 
initial position . If the re is i~sufficient time to acquire the sun during the 
13th orbit (this may require as long as 9 minutes), it may be desirable to 
to rque about the support a-xis fo-r only: few minutes to move th~ drum 
mechanism away from the horizon sensor field 7J·f--view:,__!_urn the CEU off 
again, a nd complete the sun acquisition sequence in accorda ric e-with the 
p

0

re sent schedule (on the 17th orbit). _T his matter must be reviewed -
thoroughly with LMSC to arrive at_,, a mutually satisfactory solution. 

,.f' 

Manu;l slewing of the cCr ray to the + Z side of the spacecraft is 
schedule d for the 19th or bi .. ;./4 the LMSC plan to prevent interference with 
the O R-001 experiment./ _!_h is maneuver also is not s<;:h'eduled in the 
Hughes $pace Experiment Plan. Manual torquing commands were included 
in the FR USA only to y ccommodate emergency- situations if binding would 
occur in the orientat'ion mechanism. Manual torquing must)>e done with 
extremefi1c are be cause it is not rate limited . . The OFF command must be 
sent within a few seconds after the ON command to prevent generation ol 
excessive distur_bance forces on the spacecraft. Also, it is not possible to 

_ F-e-peat the OFF command many times to ensure an OFF condition, be.cause 
man\lal slewing is performed by toggle commands. The ON and OFF_ condi
tions must ·b e confirmed by telemetry. The matter _°-.l .ma-nmrl s ·ew1ng is 
s "till being revie we d by Hughes and LMSC. Hu-g-hes would prefer not to use 
the manual torquing commands in an q_pe-fitional mode, only under emer-
ge ncy conditions. _______ · 

. ' --------
DOCUMENTATION 

.' I I 
. I 

The FRUSA/Agena wiring diagram was updated to reflect the latest 
d e sign changes in the electdcal interfaces between the FRUSA and Agena 
telemetry, command, and ,power subsystems. The drawing has been 
furnished to the integrating contractor who is responsible for fabricating the 
flight harness. 

The FRUSA Space Experimf!nt Plan ha$ been completed and published. 
Some minor modifications will be made at a future date to synchronize the 
FR USA mission sequence with tho/ LMSC Orbital Operations Plan. 

The Flight M odel Design/and Test Specification has been updated to 
reflect the latest FR USA design changes. 

6 
I 

0 / 

-----



• 

... 

I 
I i I \ 

SEMIANNUAL REVIEW \ 
I \ 

/ The fourth semia\nnual FRUSA 1;ystem review was held at the Hughes 
P., ircraft Company facilities in El Segundo, on 15 September 1970. 

· ~ttendees included representatives of the Air Force~ NASA, Aerospace and 
,Hughes organizations. 

/

/ The main theme of the review was the overall otatus of the FRUSA 
program. (Se~ Fourth Se~ianm~al Review booklet for det~il~.) After the 

/ oral presentation, the quahf: -:-ation model hardware, consisting of the 
following, was exhibited. 

• Orientation mechanism 

• Solar panels and drum 

• Control electronics unit 

• Instrumentation conditioning unit 

• Solar cell electronics unit 

MEETINGS 

_ A technical group meeting with LMSC was held at Hughes El Segundo 
on 2 September 197-0. The major technical points discussed were: 

(1) Use of the FRUSA sun lock-on signal to be combined with the 
SAMSO-002 " on" signal for FRUSA slew disable. During 
eclipse periods when the FRUSA would normally be slewing 
about the support axis, it is possible that the FR USA panels 
could interrupt the 002 experiment operation. LMC proposed -, 
to utilize the sun lock-on signal plus the 002 "on" signal to 
disable the FRUSA slewing during eclipse. It was agreed 
that LMSC could use the FRUSA sun lock-on signal if they 
provided the proper buffering. 

(2) LMSC would like to control the interface relay which is 
located within the FR USA PCU. This would eliminate the 
need for a second htrge relay, which could be used to remove 
the Agena loads from the FRUSA. This is desirable in case
of a malfunction within the Agena experiments. It was agreed 
that Hughes would bring the interface relay control wires out 
to spare pins on the PCU J1 connector. 

Updated schematics were furnished and sundry items of future 
planning were discussed . 

7 
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COMMA D MODIFICA TIO r 

The load bank was o rig inally designed to operate with four ON commands 
a nd on common OFF comma nd for all four ioa d resistors. However, it was 
d etermined that the Agena command decode r. can not supply the 0. 25 ampere 
required by the four command latching relays. Its maximum load capability 
is 150 ma. The r efo r e , it became necessary to provide two OFF commands 
to reduce the cur rent re/ uirement to 125 ma. 

PE UMBRA TRA SITIO OPE RATIO N 

A detailed a nalysis of FRUSA op e ration during the transition from sun 
illumination to tota 1 ecl i pse was condu<;:ted. ·To understand the transition or 
p e numbra conditio ns m~re cleari y, an orbital analysis was performed. The 
r esults we re som ewhat surprising. The SESP-71 spacecraft will be launched 
into a h ilight orbit. Because the SESP- 71-2 orbita I inclination at launch will 
b e clo se to 90 d eg rees, the spacecraft, initially, upon entering eclipse, only 
grazes through the penumbra. After approximately 1 month in orbit, the 
first penumbra condition is reached. Its time increases with each succes
sive orbit to approximately 400 seconds and the depth of penetration also 
increases with each succeeding orbit. A short umbra or total eclipse is 
reached on the 18th orbit after start of the penumbra (see Figure 2). The 
period of partial and full eclipse (umbra and penumbra) continues to increase 
thereafter, with the penumbra tim·e slowly de ..:reasing. Eclipse time 
increases to approximately 36 minutes at the noon orbit and the penumbra 
reaches a minimum value of approximately 8. 5 seconds at the same time . 
Therefore, the penumbra region can be any value between 8. 5 to 400 · 
seconds. 

Power bus transfer from the solar array to batteries during the 
penumbra transition was d~signed to be accomplished by an undervoltage 
sense circuit. As solar illumination decreases, the solar array voltage 
bus also decreases until the undervoltage sense circuit is triggered at 
2·i ± l volts. The array is then unloaded and all spacecraft loads are 
transferred to batteries. This arrangement has one major flaw, however. 
When the solar array is unloaded·, its voltage_ rises to a high value that 
re -triggers the undervoltage sense circuit and transfers the loads back to 
the solar array. The loads force the solar array voltage down again to a 
value below the trigger point and an oscillatory condition results. 

' 
This condition was corrected by eliminating the undervoltage _: :i. se 

circuit al)-d allowing the solar array voltage to decrease until the sun lock-on 
sig nal goes low (a pproximately l O volts). This means that the FR USA 
unre gulated bus, which is provided to the orientation mechanism CEU also 
d r o p,s to this value before transfer to the battery bus. This bus provides 
ex citation to the torquer motors and switching latches. A low torquer 
voltage bus for a short period of time will have no harmful effects, but the 
latches could change their operational state unless a continuous voltage 
g reater than 2 0 volts is provided. For this reason it was decided to provide 
two separate unre g ulated buses to the CEU. The unregulated bus that 
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provided all unregulated power to the CEU now provides excitation to the 
torquers only. The second or new unregulated bus, which is called the 
CEU unregulated bus, will power the CEU latches only. This bus is 
connected to the FRUSA batteries at the same point .where the ±28 volt PCU 
regulators receive their excitation from the batteries during eclipse and 
from the battery charge controllers current regulators during solar 

-illumination periotjs (see Figure 3). 

In summary, two changes h~ve been made to the FRUSA system. 
The undervoltage sense circuit qf the PCU has been eliminated to ·prevent_ 
PCU relay oscillation. A new CEU unregu lated bus was added to prevent 
momenta·ry drop-out or undervoltage to the CEU latches. 

FRUSA/AGENA POWER INTERFACE 

A minimum of 940 watts of FRUSA power will be provided to the 
Agena power conditioning equipment at the start of the mission to operate, 
the SAMSO-002 cooler and recharge the SAMSO-002 batteries. It is 
important to be able to isolate this large load from the FRUSA under certain 
operational conditions, especially if a malfunction occurs in the SAMSO-002 
experiment or its associated power equipment. It was therefore decided 
that the integrating contractor would ;provide logic that will maintain the 
FRUSA interface relay in an OFF cphdition until a ground ON command is 
received. In addition, the integrating contractor wiU provide a ground 
command that will open the FRUSA interface relay and remove all external 
FR USA loads. 

FR USA WEIGHT SUMMARY 

Cur rent system weights, by individual units are listed in Table I . 
Actual weights represent approximately 65 percent of the total anticipated 
system weight. 

ECLIPSE POWER SUMMARY 

' The eclipse power summary has been updated as shown in Table 2. 

WORK TO BE PERFORMED DURlNG NEXT PE.RIOD 

Work to be performed during the next reporting period will include: ---------- ----"-"--· 
0 -· • Continue to update FR USA documentation to reflect current 

design and mission planning 

• Continue coordination with integrating contractor 

• Start electromagnetic compatibility analysis anq test 
planning 

• Update power sqmmary utilizing measured power dissipation 
from unit and system test data 

10 
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TABLE I . FRUSA FLIGHT WEIGHT SUMMARY 

Subsystem 

Orientation 

Orientation mechanism ".: (including sun sensors) 

Control electronics ".: 

Sola ;:- sensor group 

Subsystem total 

Solar array 

Solar array panel "'.: 

Storage drum m~chanisms "-" 

Subsystem total 

Power conditioning and storage 

Battery /charge controllers 

Power conditioning 

Subsystem total 

Instrumentation* 

FR USA system tota.l 

Test all;'iliary units 

Reference cell/ module electronics "'.: 

Load bank for I-V tests 

Subsystem total 

Contingency 

Total experiment weight 

~'Actual weight 

11 

Weight, 
pounds 

56 .0 

I 2. 5 

1.0 

69.5 

34.0 
' 

35.8 

69.8 

42.0 

13.5 

55.5 

7. 1 

201.9 

7.5 

35.0 

42.5 

5.6 

250.0 



T A BL 2. E CLIPSE POWER SUMMARY 

. 
+28 Volt -28 Volt 

Regulated Regulated Unregulated 
Loads, Load 8, Loads, 

Unit amperes amperes amperes 
' 

Solar Array 

Commutators (2) 0. 100 

' 
Accelerometers (10) 0.200 

Strain gage amplifiers (3) 0 . 150' 

ICU 0. 025 0.014 

Sun sensors 0.010 0.010 

Subsystem totals 0. 485 0.024 

Orientation Mechanism 

CEU regulated 
\_ 

0. 129 0.070 

CEU unregulated 
(including torquers) 0.248 

C01nmutator 0. 050 

Subsystem totals o. ll9 0.070 0.248 
' I 

0.664 TotaI regulated load 0.094 ,_ 
' 

\ 
Power Conditioning and Storage 

Power conditioning unit (PCU) 
±28 volt regulator 

' 
1. o(d 

Miscellaneous 0.035 
' PCU unregulated input current 1. 045 

Total unregulated cur,rent 
from batteries I. 293 

\ .. 
12 
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Table 2 (c ont'd ) 

Batt«ry E nergy Computations 

Orbit period: 

Maximum eclipse time: 

Sun acquisition time: 

Maximum battery discharge time: 

Minimum battery charge time: 

99 minutes 

36 minutes 

6 minutes 

36 + 6 = 42 minutes 

99 - 42 = 57 minutes 
/ 

Eclipse ene'rgy required: (42 minutes ) (l. 293 amperes) 
54. 3 amp/min 

Charge current required to replenish battery: 

where 

- -w-
Ic - TE 

W = energy removed during eclipse 

E = ;battery charge efficiency =· 74 per , ent 

T = charge time 

le = __ 54_. 3 __ = 
(57) (0. 74) I. 29 amperes or 0. 645 ampere /battery 

Charge current = 1 ± 0. 05 ampere 
I 

Energy margin = O. 95
0

~ 
8
~· 

645 
X 100 = 32. 2 percent 

. \ 
' 

I 

I '. 
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SECTION IV 

,SOLAR ARRAY SUBSYSTEM 

S UBSYST E . 1 DESCR IPTIO A D STAT US 

The sota r ar ray subsystem consists of two flexible solar cell arrays 
that are stored , deployed , and retracted by the drum mechanism. During 
the ninth qua.rter of the program, the following major tasks were accomplish~d. 

• Completion of wate 1· table functional tests of solar array 
s ub system qualification model 

• Prepa ration of complete set of I-V and P-V curves,, or tempera-
tures between -300 ° and +200 °F 1 

• Suc cessful completion of 781 thermal cycles on representative 
sector of s ola r array 

• Completion of full panel coverage design changes and analysis 

• Completion of qualification model solar arrays and start of 
fabrication for flight units 

• Completion ·of tooling and fixture de sign for solar array 
subsystem assembly and test '· 

DESIG AND ANAL Y:SIS TASK 

The drawing changes required to implement the full live c~ll coverage 
on the flight \ olar arrays have been completed.- In ~ddition, all di_scre'pancies 
uncovered during qualification model..fabrication have been incorpo,rated in · 
the draw1ngs. These qiscrepancies include such items as qimen.,sional incon
sistencies, additional views required to clarify the configuration, and .. 
revisions required to reflect product and/or assembly proce-dur'e . · 
improvements. 

( 

The I-V and P-V curves for the currently planned flight panel, at 
start of life, have been completed for temperatures between -300° and 
+2 00 ° F. A typical set o f curves for 170 °F are shown in Figures 4 and 5 . A 
curve of power (at maximum power point) versus temperature is shown in 
Figure 6. 

An analysis has been started to evaluate the effeGt of shading by the 
L \liSC rigid panel on the FR USA arrays. This analysis will consist of two 
p a rts; one to determine if permanent damage will be incurred aJ}d the other 
to evaluate the reduction in panel output power. The prima.ry· effo'rt so far. 
has been on the per m ane nt damage aspect. In particular, studies and tests 
cond cted on othe r Hughes programs have been repewed and compared to the 

., 
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FRUSA co n cH(iqns . Tests to determine the 8 mil cells' reverse voltage 
charac t e ri s ti cs have been conducted'. A the r,,mal analysis is in process to 
determi ne c 11 t e mperatu re ri se during shading. Following completion of the 
11 hot spot II analy s i s , the reduction in panel power output will be compute,d. 

E GINEE R I G TEST PROGR A M 

The qual ific ation model bf the. solar array subsystem has been 
a s se mbled , w ithout e l ec trical wiring in the drum and across the interfaces, 
and s ub jected to functi onal tests on the water table (see Figures 7 and 8). 
The~e te s t s have consisted of 20 complete cycles with the following data and 
information obtaine d: 

'e Mot ion pic ture cove rage at various locations to evaluate deploy
ment charac teristics of booms, panel, efr. 

• Qualitative data on panel and cushion roll-up features 

• Speci fic information on size, number of turns, etc. for panel 
drum and cushion reel 

ff 
• Ope ration of 400 Hz drive electronics with boom actuator motor 

• Evaluation of water table and float insertion procedures 

• Static meas_urements of boom synchr~nization 

In general, the system ope rated extremely well with no s.ignificant 
de s ign c ha'nge s anticipated . The following are specific observations on the 
fur-,tc tional performance: 

• Boom synchronization appears to b~ excellent - on the order 
of ±1 inch maximum 

• Cus hion and panel windup'' is satisfactory with only a small 
amour-.t of 'wai'king ' noted during panel windup · 

¼, 

• Float insertion and water table operation is quite smooth, 
w ith only minor changes required in table and/ or 
proce dure 

• B e st movie location for' evluation of deploymeht charac-
j terist ics is above the geometric center of each _fully 
de ploye d panel / 

1; l 7 
I 

I 

.. 



Figure 7. Solar Array Subsystem Mounted on Water Table 
for Engineering Tests 

(Photo ES9 7 02 864 7) 

Figure 8. Solar Array Suosystem Deployed on Water Table 
for Engineering Tests 

(Photo ES97028646) 
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• Operation of limit switches in boom actuator unit is not proper 
and redesign has been ini tiated by the vendor. Modification will 
be incorpo r ated prior to start of the qualification test program 

• Booms have a tendency to self-extend about 6 inches after fu.U 
retraction . To prevent a pos.sible oscillatory mode, a slight 
modification in motor drive electronics has been incorporated. 

Pulsed zenon simulator tests have been conducted on about 40 percent 
of the 3 x 8 1 fli ght model ce ll gr oups. A marked improvement i~ output over 
the qualification mode l group s has been achieved. The fabrication losses 
have ave raged about 2-1/2 percent compared to about 7 percent for th~ 
qualification model groups . 

A rer ·esentative panel segment, as shown in Figure 9, was exposed to 
10 0 thermal ':lock cycles over the temperature range of about +200 to -~00°F. 
These tests i. dicated some electrical degradation from mechanical damage 
believe d to be the result of excess solder on the contact areas of the cells. 
After establishing tighter inspection procedures, additional samples of a 
similar configuration were fabricated for tests at the NASA Lewis facility. 
At the pre sent time these samples have been subjected to 781 cycles between 
+189 and -163°F at pressures of 1 x 10-7 Torr. A typical cycle. is 55 min
utes at +189°F, followed by cooling to -163°F in JO minutes. No m~chanical , 
or e lectrical de g radation has been noted in the test samples. 

FABR ICAT ION STATUS 

,✓ 

The qualification model solar array subsystem was assembled less 
contour cables and other electrical wiring and used in an engineering te'?t 
program. Following the completion of the tests, -the s'ys~em was,tlisas
sembled and is currently being refurbished and wired for the q lification 
test program. The principal parts being refurbished are the b6fm actuator 
units supplied by SPAR Aerospace in Toronto, -Canada. \ 

'J 
The following items have been accomplished on the fl,ight model of-

the solar array subsystem: 

•• 

• ,. 

• 
• 

' ' 
Fifty pe rc;ent of the flight cell groups have been fabricated, 
tested, and are ready for bonding to the substrate 

Sub strate fabrication has been completed 

Bus s fabrication has been started 

All orders for drum mechanism detail parts have been placed 
and fabrication is underway 

/ 

.. / 
./ 
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a) Thermal Shock and Cyclin~ Test Specimen 
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The fixture for supporting the panels in a vertical plane during 
electrical tests with the solar simulator has been completed (see Figure 10). 
This fixture will also be used during the panel assembly for work in areas 
that are difficult to reach with the panel in a horizontal position on the table. 
Assembly ope ration s that will require use of this fixture include final wiring 
o f reference cells, reference modules, and temperature sensors and rework, 
if required, of conventional cells located in center portion of panel. Since 
the fixture will be employed during the initial panel assembly operations, it 
will accommodate panels by themselves or attached to the drum. 

WORK TO BE PERFORMED NEXT QUARTER 

• Completion of solar array shading analysis 

• Completion of solar array subsystem for qualification test 
program 

• Continuation of fabrication and assembly of flight model 

• Completion of solar array thermal cycling tests 

, • ·•·• l'.tt:l:'.lr• •:at I r• r" • 1'', • , • , r ,. ·• r ·r, I I'.• 1·,, J, • r,., 1 , 

••1..t::UY.r.:1·.1 ,.a:,:,1.a.a;.11J:..111iMl.lll (J,I I . , . r.J ,, ...... ,, ., ,,. .. ,.,. 

_ ..., ______ .. .._. ...... ~r"""I ,....,,..,....,......,....,............., ..... .., .. _,., .,. •·• ~-- _.,,. . .....,_ ... .,.... ...... ,. ...... _,,,..,... . .,.,._..,_.,,..,.,_.., -

Figur e 10 . Solar Array Vertical Handling and Test Fixture 

(Photo A28668) 
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SUMMARY 

SECTION V 

ORIENTATION SUBSYSTEl\.1 

The orientation subsystem consists of three components; the c_ontrol 
electronics unit ( CEU), the orientation mechanism ( OLSCA), and the sun 
sensor group. The subsystem acquires the sun and 'then maintains the solar 
panel normal to the sun. It also provides signal and power transfer from 
the panel to the spacecraft. An integral part of the orientation mechanism 
is the deployment mechanism which deploys the stowed array to its normal 
operating position. 

Functional acceptance testing of the CEU is underway and will be 
completed shortly. Several possible modifications to the CEU have been 
investigated, in response to the integrating contractor's inquiry. 

The orientation meJ.chanism assembly has been completed (see Fig
ure 11). , The di;awings are being updated to eliminate minor problems 
encountered during first assembly and wiring. · The power brush design 
has been revised to allow for initial fit toleraJ'lce buildup and the possibility 
of component shifting after assembly. 

Functional testing of the mechanism has begun and data is being 
obtained to determine the performance of the unit. 

A coordinating meeting was held with integrating contractor personnel 
to discuss a possible mechanical interference problem of the orientation 
mechanism drum axis shaft and a spac~craft antenna. A number of .alterna
tives that would eliminate the problem were considered. 

MECHANISM . , . ( 

The orientation mechanism was assembled during this last quarter. 
The components were assembled initially without the wiring for a fit check. 
This operation indicated a number of minor problems that could be expected 
with a complex mechanism of this type. The assembly was completed and 
then partially disassembled to permit wiring. 

During the assembly, a problem with the power brushes indicated a 
need for a de~ign revisi.on in this area. The essence of the problem is that 
a precise geometric relationship was required between the brush, the brush 
holder, and the slipring to ensure proper seating of the brush on the rings. 
It is difficult to achieve ~his · precise relationship initially because of tole ranee 
buildup. Extensive run-in would be required to achieve the desired relation-

'. ship and would be uneconomical if the tolerance buildup was more than a few 
thousandths. Even if the assembly could be precise, shifting of components 
during launch and thermal exposure could possibly cause problems during 

23 Preceding, page blank 



a) Deployed in Normal Operating 
Condition (Photo A2878Z) 

b) Unlatched 

(Photo A28781) 

Figure 11. Orientation Mechanism 
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flight. Therefore, the design has been altered to include flexibility for 
initial tole ranee buildup and/ or shifting of components during flight. The 
modified design has been tested and resuits indicate the modification is 
satisfactory. 

Minor revisions have been made to the orientation mechanism drawings 
to eliminate problem~ encountered during first assembly. 

Functional testing of the mechanism has been initiated. Both the drum 
and the support axis have been powered in both. dire ctions ind icating that both 
motors are performing satisfactorily. The mechanism is presently under
going "run-in11 to attain seating of the brushes on their mating surfaces. 

SENSOR GROUP 
If 

'The cadmium sulfide cells are undergoing screening tests. , A screen
ing test specification has been released describing the testing to be perfor.ned 
and the procedures to be used. 

CONTROL ELECTRONICS UNIT 

The completed CEU is presently undergoing functional acceptance 
testing. 

Assembly was completed during the reporting periocl. , Power transis
tors which were the pacing item in the. assembly were obtained from another 
Hughes program, since the o~iginal source could not deliver acceptable 
'items. 

. I , 
The accepted CEU will be used in conjunction with the mechanism·to 

determine their compatibility and performance in the ne'ar future. 

In coordination with changes in the power control subsystem, which 
elir:nina'.ted the undervoltage sense circuit, power for the CE;U latches was 
moved ·from the· ar·:raey side to the battery side of the PCU relays. This 
pmlud~s ~~y p7 s~bility. qf latch instability due to low supply voltage. 

MEETINGS 
I 

' 
Several meetings were. held with spacecraft integrating contractor 

personnel' to ·coordinate the. orientation mechanism hardware and spacecraft 
interface. 

A number of CEU modifications have'ibeen investigated by Hughes to 
0determine the feasibility of: . 

1) Replacing CEU on/off toggle s J itching to .discrete command 
switching · / 

2) Determine the effect ·of rate ~,imiting the rhanual torquing 
I 



An interfe r enc e problem was recently disci.{ssed with the integrating 
contractor . lnte rfe r e nce between the drum axis shaft and antennas located 
on the spacecraft was discussed in .terms of ,alternatives to eliminate the 
interference . The ·m o st p robable solution at this point in time appears to 
involve one of the fo llowing de sign change s: 

1) Lowe ~ing t he CE U on the support axes shaft 

2) L o we ring t he ante nna installation 

3 ) Restrict ing t he service loop of the harness at the deployment 
m e chanis m 

Othe r a l tern a tive s investigated required more major modifications 
to the orientation m ec hanism or the spacecraft. 

A simplifie d thermal model was developed to assist the integrating 
contracto r 1.n his a nalysis of the total system thermal balance. Copies were 
tran smitted separa t ~ly to AFAPL, SAMSO/ Aerospace, and LMSC. ' 

PLANS F O R NE XT QUARTER 

The orientation subsystem functional testing and refurbishment of the 
orie ntation mechanism in preparation for qualification test will be completed 
in thi s next period. Completion of the sertsor group fabrication an,d flight 
acceptance tests is , planne'd. 

Additional coordination with the spacecraft integration contractor 
will be required. 

Hardware for the flight unit is being fabricated and assembly of ,the 
se r.. ond orientation subsystem will begin in the next reporting peri9d. 

\ 

_M.,. •· • 1 
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SECTION VI 

POWER CONDITIONING AND STORAGE SUBSYSTEM 

BATTERY /CHARGE CONTROLLER 

All drawings including schematics have b~n released for the 
battery/charge controller . . Fabrication of detail parts for the qualification 
model is essentially completed and assembly has been started. High relia
bility• components ,are ~ n order and the battery cells are undergoing acceptance 
testing. The individual ba

1

ttery cells 'will be released to production in , 
October for fabrication into the two 12-cell battery packs required for the 
qualification unit. Delivery dates on ·several hi-reliability components are 
presenting a serious problem with respect to qualification model delivery 
schedules. J • 

Engineering tests are being performed with the breadboar'd charge 
controller and a small numb~r of the cells from the qualification lot. These 
tests are designed to demonstrate margins in the ~nergy balance at tem
peratures between 30° and 90°F. 

Se:veral charge controller circuitry changes have been made to 
improve the overall performance. The most significant of these are listed · 
below: 

1) Increase in charge control loop gain to maintain desired charge 
rate at cold temperatures. 

. C> / ·' 

2) Addition of a 11 select 11 rErsistor to increase battery/charge 
controller ~utput current <;apaci1;y (.2. 25 amperes maximum) 

3) Addition of capacitors to reduce susceptibility to extraneous 
noise spikes 

...... 

4) Addition of telemetry outputs to pr_ovide verification signals 

POWER CONDITIONING UNIT 
\ 

, I 
The PCU circuits have· been modified because of~ possible· oscilla

tion of the PCU r elays during the transition period between the .sunlit and 
eclipse portions· of the orbit.· (Reference Section III of this report.) The 
modification made to cor~ect this problem is ,the elimination of the under
voltage ,~ense circuit and some revisions to the regulated and 'unregulated 
power· qus circ;uits (see Figure 12). Other circuit chan,ges incorporated to 
improin'e overall performance are as foll.:>ws: · · 

I 

1) Increased the __ output filter capacitors on the 42-volt boost 
regulator/inverters to decrease output ripple , 
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) 

3) 

4) 

5) 

I' , 

\, 

• ' 

Separated power ':1:nd signal groL ds to. reduce system noi~e 

Modified motor c'tmt.rol logic to prevent undue motor wear at 
the 

11
fully retracted" point 

Added .telemetry sign'als to verify· status of commands 

.· 
Reassigned connecto·r pins to share load bank currents 1nore 
equally 

. 
All detail and assembly drawings (including changes listed above) have 

been released. · .. In addition, breadboard tests have been performed to con-
firm the adequacy of the changes. ,._ 

Fabrication of detail parts for the qualification arid flight PCUs is 
continuing with the qualification parts essentially complete • . , Be~ause cif 
component delivery problems, however, · schedule slip in the qualification 
unit delivery is anticipated. A preliminary .acceptance test specific;ation 
has also been prepared for this unit. · · ' 

The 400 Hz motor drive breadboard has been used with the solar array 
subsystem for extending and retracting the booms. Performance was 
satisfactory, but some minor cha~ges were required in the limit swit:ch 
turnoff circuit. 

LOAD BANK 

The detail parts drawings and the sche.mat\c have -been completed 
and released for the load bank assembly. The assembly draw.µig and wfre 

--. ---. - --iist have-also been completed and released. A preliminary ~cceptance test 
specification has been prepared. 

Because of the sola· array change to full live cell coverage, the load 
bank resistances have been changed.· The new values, s!io~ in Figure 13, 
will be incorporated in the flight unit design. 

WORK TQ BE lj>ERFORMED NEXT OU ARTER 

• Corpplete units for the qualification test program 

• 
[ 

Cotitinua tion of the 
/ 

fabrication and ass-einbl,y of flight units 
r 
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SECTION VII 

• INSTRUMENTATION SUBSYSTEM 

WORK PERFORMED DURING REPORTING PERIOD 

The instrumentation activity ·tluring this period included: 

• Addition of new telemetry channels 

• Strain gage "measurement calibration 

' • Study of FRUSA telemetry frame size changes 

• Fabr_ication and test of SCE\U printed circuit boards 

• Commutators, strain gage amplifiers, and accelerometers 
for qualification model received from vendors 

NEW TELEMETRY SIGNALS ·1 
It was determined that many of ihe commands sent to the PCU and • · 

battery/charge- controllers (BCC) were difficult or impossible to verify with 
the telemetry channels provided. Therefore, the followirtg bilevel telemetry 
channels were added to ;rovide _this n~cesr ary capability: 

C-25 

C-26 

C-27 

C-28 

c-·29 ·, 

C-30 

c ·-31 

C-32 

' . 
BCC 1 temp~rature cut-off enable/ disabie 

.BCGZ temperatlr'e cut-off e

1

~ablei disa~l~ 

Overvoltag/4v~rride ··~~ble / disable 

Solar ar-ray power ~witch enable/disable 
I 

Sun lock-on override enable/disable 
> (' I • 

Retract logic override ehtle/disable · 

DeplOy and ,extend logic ,1,: rride , enab{e / di~able 

Sol,ar ._ array mot_or ena1e/disable ~ 

I ~ 
I 

. ST_RAIN GAGE MEASU1:lEME;NTS I 
I 

I 

There are three strai.n gage measurements on the FR USA solar array 
.. subsystem. Each pane_l has a strain ·gage ,bridge network to measure the 

tension in tlfe boom length compensator which indir~ctly measures the 
tension of the panel 'substrate. Another strain gage measures the loading 
at the base of one of the inl;>oard booms. Since the oµtput level of this 

.,' .~·,. 

\ 
I 

1 • • 
·~ . ' 

\ 

\ . 

'o I • 

,, 

1· 

\.' 



'/ 
I 

I 

I 

,; 

ne two·r k i s of the order of a few millivolts, ~a high gain strain gage amplifie·r 
is u se d to a mpli fy this signal to the standar~ O_ to +5 volt format. 

I . 
One of the boom length compensator tapes was instrumented with 

bonde d foil type s train gages. It was electrically connected to a strain gage 
ampl ifi e r and ~ ion in I-pound increments was applied to the tape to obtain 
a calibration curve. The data obtained was in very close agreement with ,the 
th o retical c omputat ions . · 

~ b ~ 

. ta oe j', r t ht o th r ·s olar arra y w a s also instrumente d and calibrate d 
v. tth i ts a _· oci t e !d ampHfi e r. The data a ga in was satisfactory . . 

T h e boo m length ~ompensator strain gage measurement requires a 
ga in of 500 , whe reas the boom loading st r ain gage measurement requires a 
gain of only 100 . T o minimize the cost of the straJn _gage amplifiers, it 
was dec i ded to pur.c ha s e three identical amplifiers with a gain of 500, and 
to cle.:;en i t i;,e on.e of t hem by a factor of 5. It was determined that the best 
way to a ce-6 mpli.sh rhis '1Vas to provide .two external resistors in series with 
t he br i dge exc it ation s upply. This reduces the excitation voltage to the 

. b r idge ne twork from 15 volts to 3 volts and reduces its sensitivity by a 
factor of -5. This 'modification will be incorporated prior to ~ssembly on the 
s olar array sub s ystem. 

/' 
PROPOSED AGE NA TELEMETRY. MODIFICATION 

' . 
I 

Hughes has been informe4 by LMSC that-the present SCF computer 
softwar-e will not_ be able to process the FRUSA.d_ata in real time during the 
mi s sion. This is due to the fact that presently they c.anne>t handle the FRUSA 
45-word commutator format. The .SCF software is eonfigured to function 
with c•,;mmutator sizes based OJl a binary progression { 16, 32,' 64, etc.) • . 
·Therefore, LMSC initially suggested that ~9 idlin'g , words be added to our 
45-word commutator to convert it to a 64-'!l'ord format. Hughes rejected 
this proposal because it would reduce the satl)pling rate t'o an unacceptable 
value and it would result in uneven sampling inte.ryals for the super, com
mutated 'd~ta. LMSC s,ubsequently modified ih. initial suggestion to add 
idling periods of 6, 6, and 7 words after the l.Sth, 30th anq_ 45th·FRUSA com
muta tor words and to double the ·present sampling rate by providing t~ree 

, additional main f_rame telemetry words. Thi's proposed solution wa-s 
approved ·by Hughes and is n,ow-u nde,r evaluation oy the. S~SP 71-2 project 
oft ice., ' , · 

SOLAR CELL ELECT ~ONICS UNIT 

Fabrication and assem]?~y· of the qu.,i.lification model SCEU has peen 
, competed. Che c kout and ,(est of th,e printed ciJ1cuit cards has be'en complete~ 

a nd n· t s es · have bee n startc·cl . t es.t ing will be completed by 15 October. , 

.,. 

I) 
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INSTRUMENTATION CONDITIONING UNIT 

Fabrication and assembly of the qualification model ICU has been 
completed with the exception of two capacitors. Delivery of the capacitors 
has been postponed a number of times by 'the vendor. The 1 new promised 
delivery data is the first week of October. 

COMMUTATORS 

Three PCM compatible corpmutators for the qualification model have 
been rec eived f,rom Teledyne. 

The :t:O. 1 g force balance accelerometers for the qualif!cation model 
have be-en received. 

ST~AIN GAGE AMPLIFIERS 

Three strain gage amplifiers for the qualification model have been 
received. 

WORK TO BE PERFORMED DURING NEXT PERIOD 

• 
• 

l • I 
I 

Complete SCEU al)d ICU and install on qualification model 

Install strain gage amplifiers, commutato'.rs, and accelerometers 
on qualification model 

Verify proper operation pf instrumentation in system test 
operations -

_,: 

-
-
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SECTION VIII 

SYSTEM T EST 

Sy s t e m s t e st activi ty dur in g the pe riod includes: 

• Initiation of vib rati on fixture part s procure m e n t 

• Init iat ion of s olar-thermal-vacuum test fixture design 

• Ge ne r at ion of s y stem.s te s~ procedure s 

• Comple tion· o f fabrication of the solar array interface brackets 

• Completion o f design of the solar array support harness 

• Initiation of procurement and fabrication of the system test 
e lec t rical harness 

• Continued activity screening for standard test equipment 

• Evaluation of the LMSC general test requirements 

The design and drawing effort on the four vibration fixtures has been 
completed; two fixtures for the solar array, one for orientation me~hanism, 
and one for power subsystem. Requests· for final bids on the fabrication of 
the fixtures have been received and purchase orders have been placed. 
Delivery is expected during the first week in ·November. 

Design of the solar-thermal-vacuum test fixtures is in progress. 
Two test setups are required: . 1) Phase I, where the solar array is mounted 
in the sun volume at 4 feet above the endbell, and .2) Phase II, where the · 
orientation mechani_sm is mounted in the sun volume at the 17 foot level to 
aliow extension .of the a,ctuafor booms. 

Te st procedures for the ambient functional, vibration, and solar
the rmal-vacuum tests are being generated and are expected to be_ completed 
by 13 No.vember. 

A set of solar array interface brackets have been designed and 
fabricated. The purpose of these brackets is to provide attachment to the 
solar array during handling and test~· The brackets, after attachment to the 
s ola r array, are designed to .accept the stretcher-type handling fixture and 
the vibration fixtures. · 

De sign of a solar array support harness has been completed. The 
purpose of this harness is to provide solar array support attachment during 
pyro release and deployment tests. The drum assembly will be suppo r,ted 

- by a cable attached to the 20 foot ceiling at a point directly over the drurn 
s h aft hin ge poin t . ' 
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The 1y1t•m• t••t •l•ctrical barn••• procurement and fabrication 
cycl• ha• b••n initiated, A 1y1tem1 interconn•ct drawln1-wa1 marked up for 
u1• in th• fabrication, Th• tU1ht harna11 will be fabricatod by the inte1ratln1 
contractor, 1lnc• tt ii lnt•1rat•d with the A1ena payload rack harne11 •. The 
lon1th1 of tha te1t harne11 will •i~ulate the len1th1 . of the A1ena harne11 
•lZ tnche1, . 

A 1cre•nin1 effort c:overin1 all company and aovernment activit1e1 
ha• been initlat•d by th• 1ervke1 divllion to locate the 1tandard te,t equip
ment requtr•d !or the FRUSA in-hou1e te1tin1, Thil 1tandard te,t equipment 
1upplement1 the FRUSA AOE te1ter, The required equipment, and itl 
minimum capability l• a, follow•: 

1) Ma1netlc tape r,corde r - 5 channeh 

Z) Power 1upply - 0 to 50 volt1, 60 ampere• 

3) Chart recorder • 6 channell 

4) PAM ~•commutator 

5) Dt1ttal voltmeter, • four each 

6) · 01ctl101cope - dual 1weep 

Th• LMSC a•neral te1t requirement• ,:locument ii bein1 evaluated to 
determine what, lt any, additional enviropmental te1tin1 i• required over 
and above that pre1ently plannad tor the FR USA, The thermal a1pect1 are 
bein1 examined, ••well•• the dynamic environment. A coupled dynamic 
analy1ll ii tn pro1re11 to determine the vibration characterhtlc• of the 
combined FRUSA/A1ena hardware. , • 

PLANNED ACTIVITIES FOR .NEXT REPORT PERIOD 

.. -.:· . 

' • Complete solar-thermal-vacuum fixture design and initiate 
fabrication 

• Continue test procedure generation 

• Combine electrical test -harness effort 

• Co~plete standard test equipment SC reening 

• ,Continue thermal and dynamic study relating to the LMSC 
~ general test req~irements 

• Initiate EMC analysis 

36 
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SECTION IX · 

RELIABILITY 

The reliability of the FRUS.A system has been re-estimated and was 
, found to b e . 695 for a 1 year, and . 856 for a half-year mission. This new 

' estimate was based on the use of a _more complete and up-to-date parts list. 
The program r-eliability goal had been established at. 65 for a 1-year mission 
lif~. 

The preferred parts list continues to be revised as new parts are 
addP..d to the lisC The quality assurance program plan has been reviewed 
and revised to include MIL-STD materials such as bolts, nuts, screws, and 
washers. The source inspection procedure, that is, inspection of parts 
at the vendor, has been overhauled and revised. In-process inspection of 
the subsystems continues. 

PLANS FOR THE NEXT QUARTER 

• Source aurveillancti for hi-reliability parts 

• Incoming inspection and test of •parts 

• . Inspection of the qualification m .odel components 

• ln-proce ss inspection 

• Initiation of TFRs 
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II . AliSTIIACT 

I ' 

I 
•,. The main activities o n the Flrxi b l <' Roll.-d- t; p Solar Array (FRUSA) 

pr o l!ra m durinJ! the ninth quarterly re ?o rling perio d cons isteJ of assrmbly 
of 1!,c· drvel o?me nt / qualifica t ion m odel o f t he o rient a ti o n mechanism, solar 
ar ray , d r un1 mechanisn, , contro l el r c l r oni c; s unit ICE 11,and solar ce ll 

I 
rlc c t roni c s unit 1SCEL'I. 

/ 
Ce lls , simulated blanks, and bus t:e s were bonded t o t he two 

qua lifica ti o n m odel panels. The ;,a nele were connec trd to t he drum 
I \ mrchanism , which had been as sembled w itho ut the inteda cr wiring, and 

water tab le deployment / retraction tests on r he complet e assembly success-
folly <ondu c t ed. Functional acceptanc e tc,sting of the CEt! _and the SCEU 
h1we been initiated. The instrumenta tion conditioning unit /I C l! t is still 
ali.·aitin~ rhc two hi-reliabilit~· capacit o rs before ·acceptance tests can br 
ini'tta t ed . Fabrication of detailed pa rts for tho power c o nditioning unit (PCU) 

.. and ba tt r r y ' charge controller are rear ing completion, and detailrd parts 
dra win~s and the schematic ha ve bf'en release d for t he load bank .assembly . 

\ . " . 
An u;,da tcd FR USA/A ge na wiring diagram, S pace Experiment Plan, 

and Fl i µh l '.\1odc l Design and Test S pe cifica tion have been comple ted and sub- .· 
m ilt rd lo Wright-Patterson Air F o rce Base . -

The fourth semiannual F~USA 1y1tem rev\~ was hrld on 15 
September. Attendees included repre1entativrs of thr Air Forcr, ?-;ASA, 
Aerospace and Hughes organizations . Several working group mrrtings wrre · 
hi,ld between SA~SO / Aerospace / L;\ SC and Hughes to res_olve intrrfacr 
pro blems, t he m o st serious of whi ch a r e interference between the orienta -
ti o n mrchanism drum axis shaft, and a spacecraft antenna dipole . 
Additio nal t ask• implemente_cl during the· reporting period were 'a shading, 
E'.'-11 / F:'.\IC, and _a structural dynamics analysis . 
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