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SECTION I
INTRODUCTION AND SUMMARY
This document reports progress in the eighth. quamm 1(3\0 March to 28

June 1970) on AFAPL contract F33615~68~C~1676, Flemlb\Le ‘Ro\lled Up Solar
Array, Project Number 6827, ‘

The main activities on the Flexible Rolled- -Up So\l'ur A\rray (TRUSA)
during the eighth quarterly reporting period consisted of | complatlon of detaul ‘
parts and start of assembly of the. deve‘lopment/qua\llflcatwmn wmode\l orLenta-f S
tion mechanism and solar array. ‘ i ‘

The panel . subswtraite and bus . assembly is ne r11
cell bonding will begin the second week in. Jtully
orientation mechanism subassemblie
should [be .complete by 1 August. F
solar cell electronics unit, and ins
completed. However, late deliv
necessitated use of a few functio
that acceptance bestmg of the units
ponents will be replaced with ithe | h1
available and, in any event, prior it
and detail and assembly drawings o
conditioning units have been ‘compLe
been completed. }Detaml design is g8
drawings of all three units will be ir
high reliability parts for the units has |

A number of - wonkmg group;
Aemospace/LMSC and }Hughes to
serious of which seems ito be the 5
rigid array., ‘The change directed by
panel coverage and to incorporate a p
on the orientation mechanism. ‘suppont &

mh‘e FLRUSA/Agena wmmg dmgmm ‘was com 'l<
'I‘edhmca’l Plam wWas wpdated and stﬂbmmtted o ‘W PAFB}.‘; j

'II‘\he wmrma’c «of thls Lquarter}ly r“qpm“ e ;
.of each major system element in a se







SECTION I
PROGRAM STATUS
The Flexible Rolled~Up Solar Array (FRUSA) program is divided |

into five phases, as described in the paragraphs that follow. The current
program schedule and status are shown in Figure 1.
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| PRELALINCH
| LALRCH
| EVALUATION. AND: REPQRT

Fligure 1. ‘Program Schedule

PHASE I— PROGRAM DEFINITION

Major milestones associated with this phase and scheduled during
this periiod have been completed. [Included in this category are all the Pro-
gram requirements, design, and test requirements.

PHASE II— DESIGN STUDY AND ANALYSIS

The study phase of the program has been completed and a firm base-
line design established. Design packaging details have been completed except
for the power conditioning subsystem which will be completed durin

'gquarter. The formaltest planhas been establighed and released.
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SECTION JiX

SYSTEM ENGINEERING

INTERFACE MEETINGS

|
A joint SAMSO/Aerospace/ LMSC/Hughes meeting was held at Hughes |
on 16 April 1970. The purpose of the meeting was to discuss the FRUSA/ o
Agena interfaces and to update thie RTD-806 experiment requirements. The o i
orientation mechanism thermal parameters were updated based on Hughes i
providing full live-cell coverage on the panels. In addition, a test plan and
the characteristics of the support axis tachometer output were prepared.
The above-mentioned items were submitted by letter to WPAFB, SAMSO,
Aerospace, and LMSC on 29 April. At the same meeting, Flughes requested
the dynamics and thermal requirements imposed on the FRUSA system during il
launch, as well as the thermal model of the Agena equipment rack, The ai
above~-mentioned data have not yet been received. ‘ ‘ S i}

meeting to discuss interface problems. The most serious robl
tered were those dealing with shadowing between the FRUSA and th SC
arrays and interference between the FRUSA array and the Agena telemetry
and tracking antennas. DR

A large number of telephone conversations were held follnwmgthe

On 14 May 1970, an Interface Working Group (IWG)me‘etin an“heﬁ C
at LMSC and the following action items were assigned to Hughes for response:
HR-3 Redefine requirement for solar array tiédo% a.t Agena
interface ‘ - o “ ‘
HR-4 Provide LMSC with a breakdown of FRUSA mass = “
: properties data ‘ . .
HR-5 Frovide time-torque plots for normal and ‘émér‘ﬁ‘éhcf
modes | o ‘
HR-6 Provide FRUSA dynamic loads ascent analysis i
HR-7 Provide telemetry response to each Comr;iaﬂd ffu‘.ﬁ‘cﬁéﬁi
HR-8 Provide command and telemetry system sc;hema;t‘ics‘ ‘
HR-9 Provide scale factors and range of all teleﬁiétrf:sifg‘jﬁ&léf |
. HR-10 Examine two LMSC approaches for FRUSA ﬂbdﬁﬁbmindi# " :
cator and give LMSC a preference R
- HR-11  Determine acceptance of stopping array slewing during ' b w T
eclipse : ‘ ST
TR
[T et A
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WORK TO BE PERFORMED NEXT QUARTER
1) Update space experiment plan
2) Update DS 30992-001 FRUSA design specification

3) Continue to analyze interfaces with Agena and respond to IWG
action items
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Al SECTION IV

SOLAR ARRAY SUBSYSTEM ' |

SUBSYSTEM DESCRIPTION AND STATUS

The solar array subsystem consists of two flexible solar cell arrays
that are stored, deployed, and retracted by the drum mechanism. The fol-

Al lowing significant items and tasks were accomplished during the eighth quarter
in of the program:

1)  Completion of detail parts and start of ass

embly on the qualifica-
tion model of drum mechanism

2) Continuation of fabrication of solar arraysw

3) Start of full panel coverage design changes‘.i and analysis

4) Completion of toolin

Il g design for solar array “Subsystem assem-
I bly and test

. 5) Completion of tests on solar arra

y cell gi-oﬁps for qualification .
model solar arrays ‘

FABRICATION STATUS

Fabrication of detail parts for the
mechanism has been completed. The onl
this fabrication phase were concerned with the rolling and welding operations -
of the magnesium storage drum. (See Figure 2.) Some of the drum mech-
anism subassemblies are currently being assembled.

qualification model of the drum
y significant problems noted during

The etched ccpper/Kapton bus strips have been bonded on one of the
qualification model solar arrays (Figure 2), Prior to this bonding operation, a
‘sample sector of panel was fabricated with dummy cells and scrap pieces of
bus material. (See Figure 3.) The purpose of fabricating this sample was to
evaluate the untried procedures and tooling developed for the full-size panel
‘ -assembly operations. Some minor problems were uncovered during the
| fabrication and have subsequently been corrected by tooling rework or by
[ revisions to the procedures. Among the problems noted and solved were
the following: TR SR

1) erji‘nk}ing of Kapton ‘sﬁbsti'é.té edges in ai\‘léﬂa‘p‘.ﬁ‘ >f
O TN A I E I D O
2)  Wrinkling of Kapton substrate under bonde|

(located between inboard sector and drum/panel ‘interiace)

3) Impropér s‘eatinjg of‘vé.‘cuumj‘bonding:fi;‘xtu‘re“
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‘ Figure 2. Qualification Model Solar ‘ Al
‘Array and Storage Drum o

(Photo ES28313)
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! 4)  Incomplete stripping of Kapton and adhesive in areas of bhug
T . material where solder joints are required

Fabrication of the new thermal shock and cycling test s
been completed and delivered to WPAFB fdr testing,
generated for these samples with the pulsed zenon sol

All 14 of the 3 x 8

amples hasg
I-% curveg were
ar' simulator,

1 cell groups for qualification rmodel panel have -

letely inspected. Test’ fixture and test specifica
tions for evaluating the cell groups with the solar simulator have been pre.
pared, and measurements with the pulsed zenon solar simulator completed,

An additional section of the fabrication s
panels has been prepared and released.
assembly and wiring of live cell
etc. on the panel substrate.

pe‘(:ific‘atibn for the solai
This document defines in detail |

t he
groups, bus strips, reference c“ell‘s(ﬁj@ﬂqﬂl@sw 4

The assembly requirements for t! | 8
array subsystem have been prepared, reviewed, and released. The in
process test requirements section hasg been changed to reflect some revi

test procedures. These procedures will be evaluated during the enginee
test program on the qualification unit. S

ie drum :‘rﬁne‘chéniSm and solar

DESIGN AND ANALYSIS TASK

The design effort necessary to
flight solar panels has been sta
of dummy cells with 72
number of 3 x 81 group
occupied by the refere
less than the number

provide full live~cell coverage on |
rted. This change involves the replacement
groups of 3 x B1 live cells. This will bring the total
s on the flight panel to 142. Because of the spaces

nce cells/modules, the total nitribes of groups is gix
required for providing 1500 watts at 130°F. RS

in July. An analysis of the c
Included in the analysis are t

urrently planned flight panel is under way.
he following items:

1) I-V curves for‘panel at 75°,

100°, 130°, 150°, 160°, 170°,
180°, 190°, and 200°F

2) Panel power outputs for:

® 1/3 of panel at 200°F, 2/3 at 180° F*
® 1/3 of panel at 180°F, 2/3 at 170°F*
®

Entire panel at 160°, 150°,“an‘d“13\0j‘F

% ' ‘ - L ‘ : : L i
1/3 and 2/3 ratios correspond to areas covered by bus material and area.
not covered by bus material, respectively, I R S

11







LR L REAR R R A R

LI WW’,FW

o

o ,

| ‘1
J P SECTION v |

| i ‘ ' ORIENTATION SUBBYSTIM E

; Ii

! 1’ 1
i

SUMMARY

The orientation

subsystem automatically maintains the so
rormal to the sun line.

It also provides signal and
solar panel to the spacecraft and a deployment meg
stowed array to its normal operating configuration,
of essentially three subassemblies:
and orientation mechanism,

lar panel i
power transfer from the }
hanism which deploys the |
The subsystem consists
sensor group, control electronics unit,

Activity during this period centered on acquisition of component parts
and start of assembly, ‘

All components have been received for the orientat
Sun semsor group. Assembly of some of the orientation mechanism subagsenm -
; blies has been completed, and assembly of the first mechanism is in I@mﬁﬂfﬂ%m*ﬂ 5.
‘% Completion of the control electronics unit has been held up awaiiting some

ion mechanism and

high reliability components,

) Coordination meetings have been held to wd%ius?w::wuzﬂss the orientation
system interface with the Agena vehicle. :

MECHANISM

All engineering-procured components were received by nghé‘as“ a»mﬂ | Co
are being used in the assembly of DR

the mechanism.

The signal sliprings (Figure 4) were delivered with no variation cfnrmm :
requirements. The power rings had a general problem with the wire insula-
tion which tended to separate when bent too sharply. This was corrected by
added local encapsulation (Figure 5). .

Tachometers have been delivered per specified requirements, & o

basic problem wasg encountered in final machining of the tachometers due to R
the difference in properties of the copper in the commutator and the very

hard encapsulating material used. A technique »was worked out, wherein the -

copper and epoxy could be separately machined, which resolved the problem,

The drive motors possess a slightly higher r,

because the brush material specified exhibits a higher Tresistance than the -

standard brush material used in Inland Motors, One of the motors wia |

’ for torque constant by taking measurements in a dry mnitrogen atmo‘sphye@‘

eliminate the effects of moisture and found to be 20 percent low as expe

i from the manufacturer's data. This is not a problem since it will be ce

pensated for by a 20 percent i )

y increase in motor pmplifier gain in the
electromics unit, ‘ D e ‘

esistance than mqwimﬂ b ;f‘ .
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SECTION VI

POWER CONDITIONING AND STORAGE SURSYSTEM

BATTERY/CHARGE CONTROLLER

The schematic of the battery/charge controller hag been completed

and released. Detail and assembly drawings have been completed and are
currently being checked prior to release in early July,

POWER CONDITIONING UNIT

The schematic of the power conditionin
released. The detail and assembly drawings
of this design will begin in early July.

g unit has been completed and
have been completed. Check

LOAD BANK

Analysis and design have hegun on the load bank for the currently D
planned flight solar panels. The schematic and detail design of this unit will '
be completed shortly, with release scheduled for mid-July. A thermal
analysis of the load bank shows that the resistors will reach 150°C in slightly
over 2 minutes. The analysis was performed assuming that the resistor .
the 2 minute period, very little of the heat will be removed by the chassis,

The analysis will be checked experimentally if possible, but indications are .
that one 2 minute cycle for the load bank is reasonable since no resistor in
the unit is powered more than 50 percent of the time.

BREADBOARD SUBSYSTEM TESTS

The ambient and thermal breadboard tests of
have been completed. Several minor problems were
test program which,after being corrected, were reev
ing retest, all circuits performed satisfactorily over a temperature range . of

- =25° to +185°F. Since the expected range during the mission is 4] 4° to +140°F,
the test temperatures represent approximately 30 percent margin. .

the power subsystem
uncovered during the '
aluated by retest. Dur. .

BATTERY CELL PROCUREMENT

The procurement documentation for the battery cells has been relea‘se‘d;‘ -
and an order for the qualification unit cells has been placed. fii o0

‘ Because‘ of
increased cell costs and Program funding limitations, the followingjchan‘gea
have been initiated: oy

PRECEDING PAGE BLANK
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Figure 14. Partial Assembly, SCEU
Drawing 3169035-100

; (Photo 4R16391)
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SECTION VI

SYBTEM TEST

SYSTEM TEST FIXTURKES

A system test fixture was received from the Hu

fabrication and model shop.

to the outboard or aft

with flight-type ordnance.

A harness will be fabricated for th
harness) to interconnect all of the power

the orientation mechanism and allow
integral system.

The fixture has been set up with the water tafbilé;i
made to check their compatibility (see Fi ‘

deploy the solar array from the stow

over the water tables from where extens
is not feasible because, when the Bolat

release mechanism, it also removes

array in a tight rolled-up configuration and
If the array were allowed to swin
between the water tables, the extended boor

5 inches.
of the table.
from the orientation mechanism an
tests will then be conducted.

The design
between the water
quarter. This pla

AGE

Preliminary requirements for
established. The primary function of

craft telemetry and command systems. :
erator that will apply commands to the CEU, SCEU, an

units through test cables.

This fixture houses all FRUSA units including
the drum mechanism which is mounted

figuration secured by brackets and pyr
will be provided by the integrating contractor.

end of the drurm mechanism, gravity torgues will be
effectively balanced out and will allow a fligh

It appears, therefore, that the d
accomplished away from the tables, after which the arra

d secured to a drum mechanism mounting i
platform fixture located between the two tables.

of the piaftﬂorm fixture for sup;pcrrtinﬁg the
tables is completed. Fabrication is sche
tform will also be utilized ag a handling f

It will be able to measure ;aM}PAM:cdmmntamr -
telemetry inputs in analog form (0 to +5 volts) b ‘
each commutator connector. Power conditionin
will also be available at the tester. The tester

ghes Culver City

in the launch or predeployment con-
otechnic release mechanisms that
By applying vertical support

oyment test
|

t-sirnnlated Wmﬂl

e test fixture (similar to the flight
conditioning and storage units with
the entire gxpgrintqut ‘meemaft‘ie agan
d 3 gross checkout
Figure 16 e initial plan was to
d or launch co iguration to & position

n was to take place, This, haweve

intains the
to extend 3 to,
‘ﬂﬁpﬁl’mlva;iﬁbm I
ainst the side
L have to be
¥ will be detached

he ter

a i

1t o th »dm
‘would strike 2
eployment ‘will

Extension and retraction

wﬁrgum‘mawchéhi‘bmm? L
duled for the next '
ixture, X

the FRUSA AGE tester have been .

the tester will be to simulate the space-
It will incorporate a command gen-' -

d the ;‘pbww‘imnditzi;mnzigi&

y connecting a test cable to
g analog telemetry signals

Wil simulate solar test cell




IFi;g‘ureflw(g“,‘ System Test Fixtura |
(Photo ES27670)
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12. SPONSORING MILITARY ACTIVITY ‘ ' ‘
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\The main activities on the Flexible Rolled-Up Solar Array (FRUSA) during the eighth quai‘terly
reporting period consisted of completion of detail parts and start of assembly of the development/
qualification model orientation mcchanism and solar array.

The panel substrate and bus assembly is nearing completion and solar cell bording will begin the
gecond week in July., Assembly of some of the orientation mechanism subassemblies has been com-
pleted, and the assembly should be complete by 1 August. Fabrication of the control electronics unit, -
solar cell electronics unit, and instrumentation conditioning unit has been completed. However, the
late delivery of some high reliability components has necessitated the utilization of a few functionally
equivalent commercial components so that acceptance teating of the units could be started., The com-
mercial components will be replaced with the high reliability parts when they becorne available and, in
any event, prior to environmental testing. Schematics and detail and assembly drawings of the battery/
charge controller and power conditioning units have been completed. Schernatics of the load bank have
been completed., Detail design is nearing completion. Release of drawings of all three units is acheduled
for mid-July, Procurement of high reliability parts for the units has been initiated, ()

Several working group meetings were held between SAMSO/Aerospace/ LMSC an&-lughes to
resolve interface problems, the most serious of which seems to be the shading of the FRUSA: panels by
the LMSC rigid array. The change directed by the customer to provide full live-cell panel coverage
and to incorporate a position encoder, furnished by LMSC, on the orientation mechanism support axis
has been irnplemented in the design.

The FRUSA /Agena wiring diagram was completed and released. The Technical Plan was updated
and submitted to WPAFB, ‘ ‘
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