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NOTICE 

This  r e p o r t  w a s  prepared as an account of Government-Sponsored work. 
Nei ther  t h e  United S t a t e s ,  nor  t h e  Na t iona l  Aeronaut ics  and Space 
Adminis t ra t ion  (NASA) , nor  any person a c t i n g  on behal f  of NASA: 

a. Makes warranty o r  r e p r e s e n t a t i o n ,  expressed  o r  impl ied ,  wi th  
r e s p e c t  t o  t h e  accuracy,  completeness,  o r  u se fu lness  of t he  
informat ion  contained i n  t h i s  r e p o r t ,  o r  t h a t  t he  use  of any 
information , appara tus  , method, o r  process  d i sc losed  i n  t h i s  
r e p o r t  may no t  i n f r i n g e  privately-owned r i g h t s ;  o r  

b .  Assumes any l i a b i l i t i e s  w i th  r e spec t  eo t h e  use o f ,  o r  f o r  
damages r e s u l t i n g  from t h e  use of any informat ion ,  appa ra tus ,  
method, o r  process  d i sc losed  i n  t h i s  r e p o r t .  

A s  used above, "person a c t i n g  on behal f  of NASA'' i nc ludes  any employee o r  
c o n t r a c t o r  of NASA, o r  employee of such c o n t r a c t o r ,  t o  t he  extent t h a t  
such employees o r  c o n t r a c t o r  of NASA, o r  employee of such c o n t r a c t o r  pre- 
p a r e s ,  d i sseminates ,  o r  provides  access t o  any informat ion  pursuant  t o  h i s  
employment wi th  such con t r ac to r .  

Requests f o r  copies  of t h i s  r e p o r t  should  be r e f e r r e d  to :  

Na t iona l  Aeronaut ics  and Space Adminis t ra t ion 
Of f i ce  of S c i e n t i f i c  and Technica l  Information 
Washington 25, D. C. 

A t t en t ion :  AFSS-A 

This work w a s  performed f o r  t he  Jet Propuls ion Laboratory,  C a l i f o r n i a  
S n s t i t u t e  o f  Technology, sponsored by t h e  Na t iona l  Aeronautics and Space 
Adminis t ra t ion  under Contract  NAS7-100. 
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ABSTRACT 

This i s  t h e  Large Area S o l a r  Array, Phase 11, F i n a l  Report r equ i r ed  by 
Jet Propuls ion  Laboratory Contract  351934. 
i n  t h e  Large Area So la r  Array program and f u r t h e r  develops f a b r i c a t i o n  
procedures and design of a 1,250-square-foot s e c t i o n  of t h e  Large Area 
So la r  Array. The r e s u l t s  of t h i s  e f f o r t  inc lude :  (1) the  a c t i v i t y  and 
r e s u l t s  of t h e  development t e s t i n g  of mechanism components f o r  tiedown, 
release, and deployment of t h e  a r r a y ;  (2) t h e  f a b r i c a t i o n  methods and 
test  a c t i v i t y  and r e s u l t s  f o r  t h e  8- by 13-foot No. 1 Main Subpanel; 
(3) t h e  development, test and ana lyses  of t h e  s imulated zero  g deploy- 
ment f i x t u r e ,  and t h e  deployment t e s t i n g  wi th  f u l l - s c a l e  dummy subpanel 
and pro to type  deployment mechanisms; (4) t h e  pre l iminary  design f o r  
Phase I11 GSE; (5) t h e  product ion and usage of t r a n s p o r t a t i o n  handl ing 
and test equipment; (6) t h e  development of deployment demonstration 
equipment; and (7) t h e  e lec t r ica l  degradat ion and v i b r a t i o n  tests and 
ana lyses  of a 4-foot-square sample panel .  The per iod  covered by t h i s  
r e p o r t  is  from June 30, 1967, through October 31, 1968. 

Phase I1 i s  t h e  second s t e p  
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1 .O INTROWCTION 

The information contained i n  t h i s  document is a record of t h e  work ac- 
complished i n  t h e  Large Area S o l a r  Array, Phase 11, Development Contract 
951934 wi th  the  Jet Propuls ion Labora tor ies  (JPL), Pasadena, Ca l i fo rn ia .  
The per iod  covered is from June 30, 1967, to  November 1, 1968. 

This  document is  a complete r epor t  of t h e  four th  q u a r t e r  a c t i v i t y  and 
summarizes the  t o t a l  Phase I1 con t rac t .  

1.1 PURPOSE AND OBJECTIVES 

The Large Area S o l a r  Array (LASA) program w a s  i n i t i a t e d  by JPL t o  
advance t h e  technology i n  l igh tweight  e l e c t r i c a l  pcwer systems capable 

I .  

Figure 1-1: DEPLOYED ARRAY 
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of producing 50 kw of power f o r  i n t e r p l a n e t a r y  s p a c e c r a f t  f l i g h t s  du r ing  
t h e  1970's and 1980's. 

Planning f o r  unmanned e l e c t r i c a l l y  p rope l l ed  space ' t ra f t  f o r  Mars f lyby  
and o t h e r  i n t e r p l a n e t a r y  t ravel  has  shown t h a t  a requirement e x i s t s  f o r  
a power system wi th  l i gh twe igh t ,  high-output c a p a b i l i t y .  

The o b j e c t i v e  of t h e  Large A r e a  S o l a r  Array program is  t o  provide tech- 
nology r ead iness  f o r  a 50-kw s o l a r - c e l l  a r r a y ,  wi th  a minimum 20-watt/ 
pound power-to-weight r a t i o  a t  a Sun-probe d i s t a n c e  of 1 AU ( see  F igure  
1-1). The program w a s  d iv ided  i n t o  t h r e e  phases.  The o b j e c t i v e  of each 
phase i s  as follows: 

1) Phase I Objec t ive :  To analyze t h e  Large Area S o l a r  Array, complete 
t h e  d e t a i l  des ign ,  and provide par t ia l  exper imenta l  tes t  v e r i f i f i -  
ca t ion .  

2) Phase I1 Objec t ive :  Develop manufacturing technology by f a b r i c a t i o n  
of one subpanel ,  o b t a i n  test d a t a  t o  e v a l u t e  t h e  a n a l y s i s ,  develop 
mechanisms, develop s imula ted  zero-g deployment test equipment and 
procedures f o r  v e r i f i c a t i o n  o f  panel assembly deployment, and ex- 
tend t h e  pre l iminary  des ign  and development of deployment demon- 
s t r a t i o n  equipment. 

3) Phase 111 Objec t ive :  To v e r i f y  t h e  des ign  by f a b r i c a t i o n ,  tes t ,  
and a n a l y s i s  of a s u i t a b l e  s imula t ion  of a stowed panel  assembly 
t e s t  ar t ic le .  

A l l  Phase I1 o b j e c t i v e s  have been m e t .  
Phase I1 p e r m i t s  t h e  f a b r i c a t i o n  of r e l i a b l e ,  l i gh twe igh t  s o l a r  pane ls  of 
up t o  1-kw output .  
p rope l l ed  s p a c e c r a f t  f o r  Mars f lyby  miss ions ,  a major p a r t  of t h e  tech- 
nology developed w i l l  have d i r e c t  a p p l i c a t i o n  t o  numerous o t h e r  space 
missions such as manned E a r t h - o r b i t a l  and Mars-Venus s p a c e c r a f t ,  and 
unmanned deep-space probes. 

The technology developed i n  

Although t h e  LASA des ign  is  based on an  e l e c t r i c a l l y  

1 .2  BACKGROUND AND DESCRIPTION 

I n  December 1965, a Large Area S o l a r  Array Fabr i ca t ion  F e a s i b i l i t y  Study 
c o n t r a c t  w a s  completed by The Boeing Company f o r  t h e  Jet Propuls ion  
Laboratory of Pasadena, C a l i f o r n i a .  A s  a r e s u l t  of t h i s  s t u d y ,  i t  w a s  
determined t h a t  t h e  technology f o r  a 50-kw, 20-watt-per-pound be ry l l i um 
s t r u c t u r e d  s o l a r - c e l l  a r r a y  could b e  developed. The s tudy  a l s o  produced 
pre l iminary  des igns  f o r  bo th  a 10-kw and a 50-kw a r r a y ,  and a program 
p l a n  f o r  t h i s  s ta te -of - the-ar t  advancement. Since t h a t  t i m e  va r ious  
planning i n t e r r u p t i o n s  and po l i cy  changes have delayed t h e  1969 t a r g e t  
by approximately 1 year .  

The Phase I des ign  c o n t r a c t  w a s  s t a r t e d  i n  September 1966, and completed 
November 1967. During t h i s  f i r s t  s t e p  of t h e  three-phase program, t h e  
des ign  concept produced by t h e  f e a s i b i l i t y  s tudy  w a s  thoroughly analyzed, 
and d e t a i l e d  des ign  w a s  accomplished. Allowables f o r  t h e  b a s i c  bery l -  
l ium s t r u c t u r e  and o t h e r  components comprising t h e  a r r a y  w e r e  e s t a b l i s h e d  
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by numerous tests and ana lyses .  Also design of t r a n s p o r t a t i o n  and han- 
d l i n g  equipment w a s  i n i t i a t e d  and pre l iminary  des ign  of ground deploy- 
ment equipment and a f u l l - s c a l e  aluminum panel  assembly deployment model 
w a s  completed. 

The Phase I1 development c o n t r a c t  w a s  i n i t i a t e d  June 30, 1967, and com- 
p l e t e d  October 31, 1968. This s ix- task  development program, wi th  Task 
7 and Task 8 added by a c o n t r a c t  change n o t i c e  i n  March 1968, completes 
t h e  in te rmedia te  s t e p  i n  t h e  Large Area So la r  Array technology advance- 
ment. 

Mechanisms components were developed and t e s t e d  with abbrevia ted  models 
under ambient and vacuum chamber environments. 
an aluminum f u l l - s c a l e  pane l  assembly deployment model using the  s imula ted  
zero g deployment equipment t h a t  w a s  developed and b u i l t  dur ing  t h i s  
phase. The No. 1 Main Subpanel (des igna ted  MTA-1, Major T e s t  A r t i c l e  
No. 1) w a s  f a b r i c a t e d  and t e s t e d .  This  8- by 13-foot subpanel  w a s  made 
of two bery l l ium box s e c t i o n  frames ( Sunside and da rks ide  } t h a t  sand- 
wich a f i b e r g l a s s  webbing ( s u b s t r a t e )  t o  which t h e  e l e c t r i c a l l y  connected 
s o l a r  cells are bonded. In su la t ed  f l a t  copper and aluminum buses  w e r e  
bonded t o  t h e  frame members t o  complete t h e  e l ec t r i ca l  c i r c u i t .  A con- 
t r a c t  change rep laced  90% of t h e  l i v e  ce l l s  with dummy g l a s s  cel ls  and 
t r a n s f e r r e d  t h e  e l ec t r i ca l  tests from MTA-1 t o  t h e  4-foot-square sample 
pane l  (SCS-43) t h a t  w a s  b u i l t  i n  Phase I.  Dynamic response d a t a  a l s o  
w a s  developed f o r  SCS-43 by v i b r a t i o n  t e s t i n g  i n  a i r  and p a r t i a l  vacuum. 

They w e r e  then  t e s t e d  on 

During t h e  f i n a l  bonding cyc le  on the  MTA-1 subpanel assembly, a number of 
adhesive bonds on t h e  i n t e r c o s t a l  frame members and some of t h e  gusse t s  
and c l i p s  were forced  out  of p o s i t i o n .  Excessive h e a t  and s i d e  p re s su re  
w e r e  r e spons ib l e  f o r  t h e  f a i l u r e .  R e p a i r  techniques were developed and 
t h e  assembly w a s  r e s t o r e d  t o  i t s  b a s i c  conf igu ra t ion .  Dynamic response 
of t h e  subpanel w a s  determined through v i b r a t i o n  t e s t i n g  i n  a i r  and i n  
t h e  vacuum space chamber. Manufacturing of t h e  necessary ground suppor t  
and test  equipment, p re l iminary  des ign  f o r  Phase I11 GSE, and thorough 
documentation, inc luding  program reviews covering a l l  of t h e  program 
a c t i v i t i e s ,  completed t h e  Phase I1 e f f o r t .  

The t h i r d  and f i n a l  phase w a s  proposed and w a s  scheduled t o  s tar t  J u l y  
1, 1968, wi th  completion i n  A p r i l  1970. The delay i n  s t a r t i n g  Phase 111 
has con t r ibu ted  t o  t h e  1-year s l i d e  i n  our  technology r ead iness  goa l .  
To reduce t h e  c o s t  f o r  t h i s  phase, we  proposed manufacturing a 7-sub- 
pane l  bery l l ium s t r u c t u r e d  a r r a y  ( r a t h e r  than  13) us ing  a dummy load f o r  
t h e  o t h e r  6 subpanels.  It is  f e l t  t h a t  t h i s  s imulated s t a c k  w i l l  satis- 
f a c t o r i l y  r ep resen t  a specimen t h a t  can be  t e s t e d  f o r  t h e  launch v ibra-  
t i o n  and thermal-vacuum modes. F igure  1-2 i l l u s t r a t e s  t h e  s e q u e n t i a l  
development f o r  t h e  three-phase program. 

1 . 3  ORGANIZATION OF DOCUMENT 
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This document can be read i n  t h r e e  d i s t i n c t  levels of d e t a i l :  

1) Sec t ion  2 provides  a summary of t h e  document, bu t  n e c e s s a r i l y  con- 
t a i n s  t h e  least amount of d e t a i l .  

More d e t a i l  i s  found i n  t h e  p ropos i t i on  s ta tements  t h a t  appear i n  
s c r i p t  a t  t h e  beginning of each t o p i c .  

2 )  

3) Fur ther  d e t a i l  i s  a v a i l a b l e  i n  t h e  body of t h e  i n d i v i d u a l  subsec- 
t ions .  

A l l  d a t a  p e r t a i n i n g  t o  each of t h e  d i f f e r e n t  t a sks  is  repor ted  i n  a sep- 
arate s e c t i o n .  The complete r e p o r t  c o n s i s t s  o f :  

Sec t ion  1: 

Sec t ion  2: 

Sec t ion  3: 

Sec t ion  4 :  

Sec t ion  5: 

Sec t ion  6: 

Sec t ion  7 :  

Sec t ion  8: 

In t roduc t ion  

Summary---A b r i e f  summary of each of t h e  func t iona l  areas' 
ac t iv i t ies  during t h e  Phase I1 con t rac t .  

Small Component Mechanisms (SCM) Tes t ing  (Task 2)--- A de- 
t a i l e d  d e s c r i p t i o n  of a l l  work involv ing  the  Task 2 devel-  
opment of mechanisms by f a b r i c a t i o n ,  t e s t i n g ,  and ana lyses ,  
and t h e  r e s u l t s  ob ta ined  by t h e s e  e f f o r t s .  

Major T e s t  Article No. 1 (MTA-1) Development (Task 3 and 
Task 7)---A d e t a i l e d  r e p o r t  on the f a b r i c a t i o n ,  t e s t ,  and 
a n a l y s i s  of t h e  No. 1 Main Subpanel. Included i s  t h e  CCN 
d e l e t i o n  of l i v e  c e l l s ,  t h e  assembly and bonding problems , 
t h e  r e p a i r  of bonds, and Qual i ty  Assurance program. 

Major T e s t  Ar t ic le  N o .  3 (MTA-3) Deployment Tes t ing  (Task 
4)---A d e t a i l e d  r e p o r t  of t h e  s imulated zero g deployment 
equipment, i t s  development, cons t ruc t ion ,  checkout,  t h e  
mechanisms and aerodynamic t e s t i n g ,  a n a l y s i s ,  and conclu- 
s ions .  

Handling Equipment and Phase 111 GSE Prel iminary Design 
(Task 5)---A d e t a i l e d  r e p o r t  on t h e  t r a n s p o r t a t i o n  and 
handl ing equipment, t h e  Phase I11 pre l iminary  des ign ,  in -  
c luding  pre l iminary  design of deployment demonstration 
equipment, t h e  extended deployment equipment work i n  re- 
sponse t o  t h e  JPL Technical  Di rec t ion  Memorandum 951934-5, 
and t h e  environmental  t es t  equipment. 

SCS-43 Subpanel Vibra t ion  T e s t  Program (Task 8)---This 
s e c t i o n  r e p o r t s  t h e  a d d i t i o n a l  test and a n a l y s i s  e f f o r t  
performed wi th  t h e  SCS-43 4-foot-square test  specimen t h a t  
w a s  b u i l t  dur ing Phase I. 

Materiel---A r e p o r t  on t h e  r a w  s t o c k  purchase p l an ,  and 
t h e  o u t s i d e  vendor and subcont rac t  a c t i v i t y .  
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Section 9: Major Conclusions and Recommendations---Conclusions con- 
cerning program status at the end of Phase 11. Also, re- 
commendations for revisions and additional work to be 
accomplished during Phase 111. 

Section 10: Bibliographs and Definitions---A list of program documents, 
miscellaneous references, symbols, terms, and definitions. 
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2.0 SUMMARY 

This  s e c t i o n  of t h e  LASA Phase I1 F i n a l  Report provides  a summary descr ip-  
t i o n  of t h e  work performed by t h e  va r ious  f u n c t i o n a l  o rgan iza t ions .  These 
s e p a r a t e  r e s p o n s i b i l i t i e s  w e r e  coordinated t o  accomplish t h e  program 
o b j e c t i v e s  . 

2.1 TASK OBJECTIVES 

Task 1 o b j e c t i v e  w a s  t o  prepare  a workable p l an  and schedule  f o r  a l l  
events  o r  mi les tones  necessary t o  complete t h e  program w i t h i n  t h e  t i m e  
s p e c i f i e d  by t h e  con t r ac t .  

Task 2 o b j e c t i v e s  w e r e  t o  test t h e  boost  tiedown release and deployment 
mechanisms t o  provide d a t a  f o r  des ign  a p p l i c a t i o n .  

The o b j e c t i v e  of Task 3 w a s  t o  f a b r i c a t e ,  test, and ana lyze  t h e  No. 1 
Main Subpanel. This  included t h e  development of manufacturing cos t -  
e f f e c t i v e  techniques f o r  producing t h i s  l a r g e  bery l l ium,  t i t an ium,  f i b e r -  
g l a s s ,  and s o l a r - c e l l  u n i t .  The manufacturing ope ra t ion  i s  documented 
i n  t h e  Manufacturing P lan  and S p e c i f i c a t i o n  document, D2-113353-1. 

The o b j e c t i v e  of Task 4 w a s  t o  develop and b u i l d  a panel  assembly deploy- 
ment model, wi th  pro to type  deployment mechanism, and develop and b u i l d  
equipment t h a t  could be  used t o  provide a test  bed f o r  zero g deployment 
t e s t i n g  of t h e  pane l  assembly. 

The Task 5 o b j e c t i v e  w a s  t o  provide t h e  necessary ground handl ing and 
t r a n s p o r t a t i o n  equipment t o  support  t h e  MTA-1 and t o  complete t h e  pre- 
l iminary  des ign  f o r  Phase I11 GSE, inc luding  deployment demonstrat ion 
equipment. 
des ign  w a s  completed. 

The handl ing equipment w a s  b u i l t  and used and t h e  pre l iminary  

Tasks 7 and 8 w e r e  au thor ized  by a c o n t r a c t  change n o t i c e .  This  change 
rep laced  t h e  l i v e  s o l a r  cells  wi th  dummy g l a s s  cells  on MTA-1 and pro- 
vided f o r  power degrada t ion  tests and v i b r a t i o n  tests on t h e  SCS-43 
4-foot-square sample pane l  b u i l t  dur ing Phase I. 

Figure  2-1 i s  a flow c h a r t  of Phase I1 which i l l u s t r a t e s  t h e  r e l a t i o n s h i p  
between t h e  va r ious  t a s k s  r e s u l t i n g  i n  a complete program. 

2.2 ARRAY DESIGN AND ANALYSIS 

The Phase I1 program w a s  p r imar i ly  focused on t h e  continued development 
of t h e  d e t a i l  des ign  and ref inement  of t h e  ana lyses  e s t a b l i s h e d  i n  
Phase I. This  s e c t i o n  desc r ibes  t h e  Large A r e a  Solar  Array, de f ines  
t h e  p r i n c i p a l  developments i n  des ign  during t h e  Phase I1 c o n t r a c t ,  and 
r e p o r t s  t h e  r e s u l t s  of ana lyses  accomplished. 

The d e s c r i p t i o n  of t h e  a r r a y  is  d iv ided  i n t o  s t r u c t u r e ,  mechanisms, and 
electrical power system cons ide ra t ions .  

2-1 



D2-113355-7 

Design ana lyses  on t h e  a r r a y  w e r e  r ev i sed ,  r e f i n e d ,  and developed f o r  
t h e  fol lowing condi t ions :  

1) MTA-4 s t r u c t u r e  loads  during boos t ;  

2) Vibra t ion  modes and resonances f o r  MTA-1 during boos t ;  

3 )  V e l o c i t i e s  and member loads i n  MTA-4 during deployment i n  t h e  Earth 
g r a v i t a t i o n a l  f i e l d  and i n  space.  

A more d e t a i l e d  d e s c r i p t i o n  of areas a f f e c t e d  by t h e  Phase I1 work i s  
given i n  s e c t i o n s  covering t h a t  p a r t i c u l a r  s u b j e c t .  

2 . 2 . 1  DESCRIPTION OF THE ARRAY 

A d e s c r i p t i o n  of t h e  Large Area Solar  Array i s  included he re  t o  d e f i n e  
t h e  s t r u c t u r e  i n  t h e  stowed and deployed cond i t ions .  The mechanisms used 
i n  t h e  release and tiedown system and t o  deploy and lock  t h e  subpanels ,  
and t h e  e lectr ical  power genera t ion  and t ransmiss ion  system are a l s o  
d iscussed .  

2 . 2 . 1 . 1  Desc r ip t ion  of Array S t r u c t u r e  

The arrangement of t h e  s o l a r  a r r a y  conf igura t ion  stowed w i t h i n  t h e  
Sa turn  IB/Centaur shroud is  i l l u s t r a t e d  i n  Figure 2-2. The four  s o l a r  
pane ls  each are supported by t h e  spacec ra f t  a t  S t a t i o n  10.5 by t h r e e  
hinges on Subpanel N o .  1. These hinges al low f o r  thermal expansion 
between t h e  s p a c e c r a f t  and t h e  s o l a r  pane l  assemblies .  Subpanel N o .  1 
of each of t h e  fou r  s o l a r  pane ls  i s  connected a t  S t a t i o n s  124 and 170,  
forming a box. The remaining 1 2  subpanels of each s o l a r  pane l  are 
fo lded  and stowed on t h e  o u t s i d e  of t h e  box. S t i f f n e s s  is  added t o  t h e  
stowed s t a c k  by providing shea r  t r a n s f e r  f i t t i n g s  between subpanels .  A 
preloaded tiedown system prevents  disengagement of t h e  shear  f i t t i n g s  
under launch loads .  

When deployed, t h e  s o l a r  a r r a y  conf igu ra t ion  c o n s i s t s  of four  s o l a r  pane l  
assemblies  placed symmetrically about t h e  s p a c e c r a f t  as shown i n  F igure  
2-2. Each s o l a r  pane l  assembly has  13 subpanels connected by hinges 
and locked i n  a f l a t  plane.  The fundamental bending frequency of t h e  
a r r a y  i n  t h i s  cond i t ion  i s  ca l cu la t ed  t o  b e  0.068 Hz. 
func t ion  of t h e  a x i a l  s t i f f n e s s  of t h e  d iagonal  s t r u t  (which provides  
support  f o r  t h e  s o l a r  pane l  from t h e  Spacec ra f t ) ,  t h e  bending s t i f f n e s s  
of t h e  subpanel  bery l l ium s p a r s ,  and t h e  s t i f f n e s s  of t h e  subpanel  
hinges.  

This  va lue  is  a 

Each subpanel  is  made of a da rks ide  frame, a Sunside frame, and a pre- 
tensioned s u b s t r a t e  made of 0.003-inch-thick by 0.14-inch-wide f i b e r -  
g l a s s  t a p e  sandwiched between them. 

2- 2 
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The frames were made of bu i l t -up  beryllium-bonded r ec t angu la r  s e c t i o n s  
connected by t i t an ium f i t t i n g s  where loads  are concent ra ted .  

A summary weight s ta tement  of MTA-1 i s  shown i n  Table  11-1 and a r ev i sed  
weight s ta tement  of t h e  b a s e l i n e  des ign  is shown i n  Table  11-2. The 
MTA-1 s ta tement  w a s  prepared by using a c t u a l  weights  obtained durlng 
f a b r i c a t i o n  of t h e  MTA-1. The b a s e l i n e  weight s ta tement  w a s  prepared 
using t h e  a c t u a l  weights  of MTA-1 and c a l c u l a t i n g  t h e  remainder from 
drawings and adjustments  made as a r e s u l t  of a c t u a l  weights  on Subpanel 
No. 1. 

The a c t u a l  weights of t h e  s i x  s o l a r - c e l l  modules i n s t a l l e d  on MTA-1 were 
used t o  c a l c u l a t e  t h e  t o t a l  weight ,  The weight v a r i a t i o n  between calcu- 
l a t e d  and a c t u a l  weight of t h e  " s t i ck"  assemblies  w a s  less than  1%. The 
t i t an ium f i t t i n g  a c t u a l  weights  were h igher  t han  c a l c u l a t e d  because t h e  
manufacturing p l an  produced w a l l  gages l a r g e r  than  nominal. The t o t a l  
weight of t h e  s o l a r  a r r a y  conf igu ra t ion  is  c a l c u l a t e d  t o  be  2,182 pounds. 
This  r e s u l t s  i n  a 2 1  watts/pound a r r a y .  This  i nc ludes  392.1 pounds of 
s o l a r  cells ,  which is 30 pounds over t h e  362.1-pound maximum s p e c i f i e d  
c e l l  weight .  These f i g u r e s  are based on a c t u a l  weights  of sample l o t s  of 
s o l a r  cells .  

2.2.1.2 Desc r ip t ion  of Solar  Array Tiedown-Release and Deployment System 

Peplayment 06  Rhe n o l ~ ~ ~  pan& h pawmed by rtedundavci: mukunn und cable 
dttumn RhcLt chive khe nubpan& and nequevl;tidXy u p m e  mechavLicuR 
d e v i c u  dwting d e p l o  ymevci:. 

The s o l a r  pane l  release and deployment mechanisms must, upon command and 
i n  proper  sequence, extend and lock  t h e  s o l a r  pane ls  i n  t h e i r  deployed 
p o s i t i o n s .  
t h i s  requirement have t h r e e  s e p a r a t e  func t ions :  release of t h e  tiedown 
system, deployment of t h e  main subpanels ,  and deployment of t h e  a u x i l i a r y  
subpanels . 

The release and deployment mechanisms designed t o  s a t i s f y  

The release of t h e  s t r u c t u r a l  tiedown system f o r  t h e  four  so l a r - a r r ay  
assemblies  is  accomplished s imultaneously by t h e  f i r i n g  of a n  ordnance 
p in- re lease  device  loca ted  a t  s o l a r  pane l  S t a t i o n  123.7. This  device  
releases a l l  tiedowns except  one on t h e  cen te r  s p a r  a t  S t a t i o n  123.7. 

F igure  2-3 shows t h e  release mechanisms a t  S t a t i o n s  123.7 and 169.86. 
Each p in- re lease  device  releases a mechanical c a b l e  t r a i n  a t  each of t h e  
four  co rne r s  and one c i r c u m f e r e n t i a l  cab le .  Each cab le  t r a i n  releases 
t h e  remaining f i v e  c i r c u m f e r e n t i a l  tiedown cab le s .  

F ive  of t h e  s i x  center-spar  t i e  cab le s  are re l eased  mechanically by i ts  
c i r c u m f e r e n t i a l  cab le ,  as shown i n  Figure 2-3. The i n d i v i d u a l  c e n t e r  
spa r  cab le s  are pretensioned as t h e  s o l a r  pane l  i s  f i t t e d  t o  t h e  space- 
c r a f t  on t h e  pad. A clamping dev ice  keeps t h e  cab le s  proper ly  loaded 
u n t i l  r e l eased  by t h e  c i r c u m f e r e n t i a l  cab le s .  
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Item - 
C e l l s ,  Coverglasses, CG 
Adhesive, Connectors. Solder 
(cell quant i ty  - 2,436) 

Simulated C e l l s  (cell 
quant i ty  = 20,300) 

Subs t ra te  Adhesive, RTV-40 
Thermal Control on C e l l s  
and Tape (S t ruc ture  TCC 
Weight not Included) 

Simulated E l e c t r i c a l  I n s t a l -  
l a t i o n  (Buses, Terminals, 
Diodes, Terminal Fasteners) 

T o t a l  Frame Assembly with 
Subs t ra te  

Beryllium Members Weighted 
(Spar Halves, I n t e r c o s t a l s .  
Diagonal Brace)--44% by 
Weight of Tota l  Beryllium 
Members 

Major F i t t i n g s  (Primarily 
Weldments) 
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Table 11-1: MTA-1 WEIGHT STATUS 

A c t u a l  
Weight 

1.51 

7 

13.41 

1.90 

5.97 

(58.48) 

26.65 

15.15 

Calculated 
Weight 

1.50 

12.47 

2.18 

6.57 

(55.11) 

26 .40  

13.63 

WA - =c 

M.01 

M.94 

-0.28 

-0.60 

(+3.37) 

+0.25 

+1.52 

- 
M . 7 X  

+7.5% 

-12.8% 

-9.1% 

(+6.1%) 

M.9% 

+11.2% 

Cmpreasion Pads and Shear 2.17 2.29 -0.12 -5.2% 
Tooth F i t t ings  

S t ruc ture  Repairs (Includes 0.79* 0 M.79 - 
Discrete P a r t s  and Adhesive 
t o  Apply Parts---Does not 
Include Adhesive t o  F u l l  
Voids) 

B e r y l l i m  St icks ,  Clips,  13.72 12.79 w . 9 3  
Splice P la tes ,  In tegra t ion  
Adhesive. Substrate,  Adhe- 
s i v e  i n  Void Repairs, 
Drawing Errors,  Calculation 
Errors 

Tota ls  01.21 11.83 3.44 

+7.3% 

4.4% 

Effec t  on Estimated 
Array Weight 

None 

None; however, simulated 
cells do not meet spec i f i -  
c a t i o n s  of t5% weight 
v a r i a t i o n .  

None; a p p l i c a t i o n  process 
needs refinemem t o  ensure 
uniform a p p l i c a t i o n  and 
th ickness  c o n t r o l  

None; simulated buses lack  
some i n s u l a t i o n  and adhesive 

Breakdown shown below 

None; however, attachment 3 
of Reference (1) shows t h a t  
a l l  members t h a t  exceed 10% 
v a r i a t i o n  from ca lcu la ted  
weight are overweight 

Weldments are not made per 
drawing; e f f e c t  i f  a l l  weld- 
rnents a r e  f a b r i c a t e d  i n  t h e  
manner of t h e  MTA-1 weldments 
is 8 pounds per a r r a y  (75% 
by weight of weldments are 
on Subpanel No. 1) 

None 

Damage t o  MTA-1 was incurred 
i n  the  development of a 
fabr ica t ion  process. The 
process has been revised such 
t h a t  the  probabili ty of damage 
due t o  t h a t  source is reduced. 
Other repa i rs  are probable, 
however, and an allowance for  
repa i rs  should be included. 
Five pounds should be added 
t o  t h e  array for  repa i rs .  

Par t  of t h i s  difference can 
be ra t iona l ized  away t o  adhe- 
s i v e  on some par t s ,  and possibly 
vacuum bag sea lan t .  The var i -  
a t i o n  a s  shown is within t h e  
range of var ia t ion  on the p a r t s  
and materials included i n  t h i s  
weight. A n  allowance of 0.005 
pound per square foot should be 
added t o  the  s t r u c t u r e  t o  account 
for  the  unknowns. 

*Based on a calculated weight per Reference (2). See Attachment 
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STA 169.9 TIEDOWN 
FITTING 

Cable C u t t e r  
S t a  123 .7  Cable C u t t e r  

Release T r a i n  

P i n  Release 

S t a  $23.7 Tiedown F i t t i n g  Typica l  Center T i e  Release 

F i g u r e  2-3: BOOST TIEDOWN AND RELEASE SYSTEM 

Overcenter Latch 
Deployment Drive 

Motor 

C i r c u l a r  Spl ine 
Second Stage  

Hermetical ly  Sealed 
Flexs p l i n e  

econd-Stage Wave Generator 
F i rs t -S tage  C i r c u l a r  S p l i n e  

Main Hinge 

Auxi l ia ry  Panel  Hinge Quadrant and Geneva 

Figure 2-4: DEPLOYMENT MECHANISMS 
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The s i x t h  center-spar  t ie,  a l s o  shown i n  F igure  2-3 and loca ted  a t  
S t a t i o n  123.7, is  pre tens ioned  b e f o r e  pane l  i n s t a l l a t i o n .  This  t i e  i s  
re l eased  by f i r i n g  a n  ordnance-actuated cab le  c u t t e r  s imultaneously wi th  
a c t u a t i o n  of t h e  deployment motor a f t e r  a l l  o the r  ties have been r e l e a s e d  
and c i r c u m f e r e n t i a l  cab le s  have been e j e c t e d .  The s i x t h  t i e  prevents  
i nadve r t en t  p a r t i a l  deployment of t h e  s o l a r  subpanel  s t a c k  dur ing  t h e  
c o a s t  per iod  and acts as a clamp dur ing  boost .  
c u t t e r  ordnance and a c t u a t i o n  of t h e  deployment motor i n i t i a t e s  
deployment . 

The f i r i n g  of t h e  c a b l e  

The main subpanel  deployment system c o n s i s t s  of four  deployment motors 
l oca t ed  w i t h i n  t h e  s p a c e c r a f t  envelope, as shown i n  F igure  2-4. 
deployment cab le s  are r igged  s o  t h a t  d i a m e t r i c a l l y  oppos i t e  pane ls  are 
d r iven  by two motors ope ra t ing  i n  p a r a l l e l .  Each motor ope ra t e s  as t h e  
primary d r i v e  f o r  t h e  pane l  assembly mounted ad jacen t  t o  t h e  motor and, 
i n  a d d i t i o n ,  each motor serves as t h e  backup d r i v e  f o r  t h e  pane l  assembly 
mounted opposi te .  

The 

The deployment motor assembly (Figure 2-4) i nc ludes  a 1/250-hp Globe- 
type  SS d.c.  motor r o t a t i n g  under load  a t  97 rpm. The motor d r i v e s  a 
2.75:l  smooth b a l l  bear ing  p l ane ta ry  r educ t ion .  The r i n g  forms t h e  wave 
genera tor  f o r  a middle-stage harmonic d r i v e  reducer  w i th  a r a t i o  of 
72: l .  The output  of t h e  middle reducer  i s  t h e  wave genera tor  of t h e  
th i rd - s t age  harmonic d r i v e  wi th  a r educ t ion  of 140: l  f o r  a t o t a l  reduc- 
t i o n  of about  37,OOO:l. The th i rd - s t age  output  d i r e c t l y  d r i v e s  t h e  c a b l e  
drum t h a t  i s  t h e  o u t s i d e  housing f o r  t h e  motor and reducing t r a i n .  The 
e f f e c t i v e  p i t c h  diameter  of t h e  c a b l e  on t h e  drum is  2.46 inches ;  t h e  
drum revolves  a t  0.259 rpm, providing a cab le  speed of 0.033 inch  per  
second. 

As outboard main subpanels  are deployed, t h e  inboard a u x i l i a r y  subpanels 
(hinged on t h e  s i d e  of t h e  main subpanels)  are s e q u e n t i a l l y  unlatched 
and deployed by t o r s i o n  sp r ings .  The rate of deployment a t  t h e  l a t c h i n g  
p o s i t i o n  i s  c o n t r o l l e d  by a s m a l l  r o t a r y  damper. 
pane l  reaches  t h e  deployed p o s i t i o n ,  an overcenter  l a t c h  snaps i n t o  
p l ace ,  locking t h e  pane ls  i n  a f l a t  p lane .  

When t h e  a u x i l i a r y  sub- 

The d i r e c t i o n  of deployment of a l l  13  subpanels is ind ica t ed  i n  F igure  
2-5. 

When t h e  last subpanel  u n i t  (No. 5) is deployed, t h e  d r i v e  motor i s  s h u t  
o f f  by a swi tch  a c t i v a t e d  by t h e  c a b l e  t ens ion .  

The des ign  of t h e  deployment motor shu to f f  w a s  postponed u n t i l  motor 
c u r r e n t  d a t a  w e r e  a v a i l a b l e  from t h e  MTA-3 deployment tests. 
a p o s s i b i l i t y  t h a t  t h e  motor c u r r e n t  would rise ab rup t ly  be fo re  t h e  
deployment c a b l e  t e n s i o n  exceeded t h e  60-pound des ign  shu to f f  p o i n t .  
This  c u r r e n t  su rge  would p rov i  a shu to f f  s i g n a l .  However, test d a t a  
show very  l i t t l e  change i n  motor c u r r e n t ;  t h e r e f o r e ,  t h i s  i d e a  cannot 
be  used. 

There w a s  

2-11 
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Figure  2-5: DEPLOYMENT SEQUENCE 

To S I 3  1 
&tail  - I1 
Shutoff Switch 
Cable Run 
(2527779) 

cond 
IMU 

Figure 2-6: SHUTOFF SWITCH INSTALLATION 
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To s a t i s f y  t h i s  requirement a swi tch  and s t r i k e r  dev ice  w a s  designed f o r  
i n s t a l l a t i o n  a t  t h e  outboard hinge. 
opens when t h e  c a b l e  t e n s i o n  is  approximately 40 pounds. 
end of t h e  deployment c a b l e  is spring-loaded and as t h e  c a b l e  t e n s i o n  
rises, t h e  s t r i k e r  a t  t h e  c a b l e  end ope ra t e s  t h e  swi tch .  See F igure  2-6 
f o r  d e t a i l s .  

The swi tch  i s  normally c losed  and 
The outboard 

Switch wir ing  c o n s i s t s  of four-conductor,  f l a t  w i r e  cab le s  a t t ached  t o  
t h e  i n t e r c o s t a l s  of each subpanel .  An e lectr ical  connector i s  requ i r ed  
a t  each h inge  l i n e  t o  f a c i l i t a t e  assembly and maintenance. 
assemblies  are requ i r ed  t o  m e e t  NASA s p e c i f i c a t i o n s .  

The c a b l e  

2.2.1.3 Descr ipt ion---Electr ical  Power System 

The des ign  ob ta ins  t h e  m a x i m u m  coverage of t h e  s u b s t r a t e  wi th  s o l a r  cells. 
The g ross  deployed area i s  4,924 squa re  f e e t  and t h e  n e t  module area is  
4,590 square  f e e t .  The r a t i o  of t h e s e  areas g ives  a s o l a r - c e l l  packing 
f a c t o r  of 0.93. See Table  11-3 f o r  t h e  power gene ra t ion  summary. 

The power output  f o r  a complete a r r a y ,  based on 10 w a t t s  per  square  f o o t ,  
is 45,900 w a t t s .  This  v a l u e  is  g iven  f o r  a i r  m a s s  ze ro ,  and 1 AU a t  55°C. 

The b a s i c  power gene ra t ion  u n i t  con ta ins  406 s o l a r  cells  and is a com- 
p l e t e  module f o r  t h e  28-volt system and is  a q u a r t e r  module f o r  t h e  
100-volt system. Seven cells are connected i n  p a r a l l e l  and 58 groups of 
seven cel ls  are connected i n  series. Four u n i t s  are connected i n  series 
t o  make a 100-volt  module. 

A l l  of t h e  electrical  te rmina t ions  f o r  t h e  modules are ad jacen t  t o  a 
main spa r .  The nega t ive  terminals are connected t o  t h e  nega t ive  bus wi th  
expanded s i lver  f o i l .  The p o s i t i v e  t e rmina l s  are connected t o  a d iode  
and t h e  d iode  is  connected t o  t h e  p o s i t i v e  bus.  One d iode  i s  i n s t a l l e d  
f o r  each module. Diodes are used f o r  t h e  electrical  i s o l a t i o n  of each 
module f o r  test purposes only .  The type  of d iodes  t h a t  were i n s t a l l e d  
on Small Components S t r u c t u r e s  T e s t  No. 43 (SCS-43) performed q u i t e  
s a t i s f a c t o r i l y  when exposed t o  a s imulated space  environment a t  maximum 
load .  

Electrical  buses  are f l a t  s t r i p s  of aluminum o r  copper and are bonded t o  
t h e  main s p a r s .  The th i ckness  of t h e  conductors varies i n  accordance t o  
t h e  electrical c u r r e n t  dens i ty .  The a r r a y  bus system i s  shown i n  F igure  
2-7. The generated power is  conducted a c r o s s  t h e  gaps i n  t h e  subpanels  
by means of c rossover  buses .  The des ign  of t h e  c rossover  buses  provides  
a very  f l e x i b l e  tw i s t ed  p a i r  of s t r a i g h t - l a i d  s o f t  copper t h a t  has  very  
low s p r i n g  fo rces .  Subpanel deployment f o r c e s  are very  low and t h e  
des ign  of c rossover  buses  w a s  considered c r i t i ca l .  

Weight estimates f o r  t h e  a r r a y  are based on t h e  u s e  of 8 - m i l  N/P so lder -  
less s i l i c o n  s o l a r  cells  and 3 - m i l  cover  g l a s s e s .  
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2.2.2 PHASE I1 DESIGN DEVELOPMENT 

Design developments made dur ing  Phase I1 included e f f o r t s  on t h e  mech- 
anisms components t e s t e d  i n  Task 2 and t h e  deployment mechanism’system 
t e s t e d  i n  Task 4 .  The mass-simulated, f u l l - s i z e  aluminum frame s o l a r  
pane l  w a s  used t o  check t h e  deployment mechanisms. 

Repair techniques w e r e  developed f o r  MTA-1 t o  s a t i s f y  t h e  needs t o  d i s -  
assemble, c l ean ,  and rebond some bery l l ium members. 

The fol lowing developments have increased  t h e  t e c h n i c a l  knowledge of t h e  
mechanisms components of t h e  Large A r e a  So la r  Array. 

Tiedown Cable---The 5/32-inch Nomex tiedown cab le  used t o  clamp t h e  s o l a r  
a r r a y  subpanels  t oge the r  a t  t h e  c e n t e r  s p a r  w a s  found t o  be  adequate  i n  
f i v e  of t h e  s i x  tiedown l o c a t i o n s .  The c a b l e  s t r e n g t h  and load re laxa-  
t i o n  rate made i t  inadequate  f o r  u s e  a t  S t a t i o n  10.5. An i n c r e a s e  i n  
diameter  t o  3/16 inch  is  recommended f o r  a l l  s t a t i o n s  and is  requ i r ed  
f o r  S t a t i o n  10.5. The f r i c t i o n  c o e f f i c i e n t  between t h e  Nomex c a b l e  and 
t h e  clamping wedge w a s  experimental ly  determined t o  be  0.293 a t  a wedge 
ang le  of 5 degrees .  

Center Spar Clamp Assembly---The c e n t e r  spa r  clamp assembly w a s  inade- 
qua te  as o r i g i n a l l y  designed. The clamp w a s  t oo  weak t o  main ta in  t h e  
cab le  t ens ion  load .  
loads beyond t h e  breaking s t r e n g t h  of t h e  Nomex cab le .  

A redes ign  w a s  made using a wedge a c t i o n  capable  of 

Auxi l ia ry  Subpanel Rotary Dampers---The off-the-shelf  dampers s a t i s f a c -  
t o r i l y  c o n t r o l l e d  t h e  opening rate of t h e  s imulated subpanels  a t  t e m -  
p e r a t u r e s  below -100°F i n  a vacuum. 
w a s  ve ry  s e n s i t i v e  and des ign  changes are recommended f o r  s i m p l i f i c a t i o n  
of adjustment  . 

Adjustment of t h e  damping r a t i o  

Motor/Cable Drum Assembly---The deployment system d r i v e  is provided by 
a n  electrical motor-driven harmonic d r i v e  r educ t ion  wi th  a l i n e  take- 
up rate of 2 inches  per  minute a t  a l i n e  load of 60 pounds. 
cab le  drum assembly opera ted  s a t i s f a c t o r i l y  i n  a vacuum pres su re  of 

It a l s o  r epea ted ly  powered t h e  
aluminum deployment model dur ing  s imulated zero g deployment tests. The 
rate of t h e  l i n e  takeup increased  w i t h  use  and w a s  5% over t o l e r a n c e  
a f t e r  q u a l i f i c a t i o n  tests w e r e  completed. 

This  motor- 

t o r r  and a temperature  of -63’F. 

Repair  Techniques 

Damage t o  t h e  MTA-1 subpanel  during t h e  f i n a l  bonding ope ra t ion  r equ i r ed  
t h e  development of t h e  fol lowing techniques and processes  t o  perform 
s u c c e s s f u l  r e p a i r .  
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Inspection---Bond damage w a s  i d e n t i f i e d  by t h r e e  s e p a r a t e  i n s p e c t i o n  
techniques:  v i s u a l  w i th  f e e l e r  gages;  c o i n  tapping;  and t h e  u s e  of an 
experimental  harmonic bond tester. 

Removal of Bonded Parts---Some bonds had t o  b e  sepa ra t ed  i n  r e p a i r i n g  
t h e  bery l l ium s t r u c t u r e  t o  a l low removal f o r  r ec l ean ing  and reassembly. 
A s m a l l  high-temperature hydrogen t o r c h  w a s  s u c c e s s f u l l y  used t o  h e a t  
adhesives  r a p i d l y  enough t o  f a i l  t h e  bond i n  p e e l  wi thout  apprec iab ly  
inc reas ing  t h e  temperature  of ad jacen t  bonds o r  p a r t s .  

Rebonding of Broken Bonds---Two methods w e r e  used t o  r e i n f o r c e  bonded 
s u r f a c e s  damaged o r  n o t  completely bonded where removal of t h e  p a r t  w a s  
no t  warranted.  These methods w e r e :  

1) I n j e c t i o n  of EMS 5-29 and l i q u i d  AF-126 w a s  used t o  r e i n f o r c e  
areas where voids  occurred and j o i n t  s t r e n g t h  was  marginal .  This  
method provided good s t r e n g t h  bonds a t  room temperature  and 
r equ i r ed  no hea t  cyc le  f o r  cur ing .  

2) I n  areas where broken BMS 5-51 bonds w e r e  found and removal of 
t h e  p a r t  w a s  no t  warranted and t h e  bond s t r e n g t h  r equ i r ed  w a s  low, 
a r e p a i r  adhes ive  XA-2327 w a s  used. 
s t r e n g t h s  above 2,000 p s i  w i th  low con tac t  p re s su re  and a t  167°F. 

This  adhes ive  produces bond 

These bonding processes  w e r e  developed t o  s a t i s f y  condi t ions  t h a t  occurred 
i n  t h e  f a b r i c a t i o n  of t h e  bery l l ium s o l a r  pane l  assemblies .  The develop- 
ment w i l l  reduce t h e  f a b r i c a t i o n  c o s t s  i n  t h e  f u t u r e  by producing s u i t -  
a b l e  r e p a i r  p rocesses .  

Electrical  Design Development 

The LASA electrical  des ign  development produced d a t a  on materials and 
processes  f o r  t h e  des ign  of f l a t  power buses ,  so l a r - ce l l / cove rg la s s  
assemblies  and i n s t a l l a t i o n ,  and s o l a r - c e l l  i n t e rconnec to r s .  Company- 
funded s t u d i e s  and experiments t o  develop so la r - ce l l / cove rg la s s  i n s t a l l a -  
t i o n  processes  have been i n  progress .  
reduced coverg lass  assembly r e j e c t i o n  rates. 

New t o o l s  and new techniques have 

Resis tance- type p u l s e  so lde r ing  w a s  used on t h e  MTA-1 modules; however, 
t h i s  method i s  considered slow. A company-funded s tudy  developed t o o l s  
and techniques f o r  m u l t i p l e  j o i n t  so lde r ing  of s o l a r  cells  wi th  i n f r a r e d  
equipment. A l l  of t h e  p o s i t i v e  o r  nega t ive  con tac t s  of seven-ce l l  groups 
can be  so ldered  i n  one ope ra t ion  w i t h  t h i s  method. Evaluat ion and test- 
ing ,  by Manufacturing Development, of t h e  i n f r a r e d  process  i n d i c a t e s  t h a t  
t h e  t o o l s  and processes  are s a t i s f a c t o r y .  

2.2.3 DESIGN ANALYSIS OF MTA-4 
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1s t Mode 
22.0 cps 

2nd Mode 
23.0 cps 

3rd Mode 
30.0 cps 

5 th  Mode 
31.4 cps 

4 th  Mode 
31.0 cps 

6 t h  Mode 
31.5 cps 

Figure 2-8: DYNAMIC ANALYSIS MODES 

The primary changes t o  t h e  MTA-4 r equ i r ed  by a n a l y t i c a l  i t e r a t i o n s  were 
t o  i n c r e a s e  t h e  gages of t h e  c e n t e r  s p a r s  of Subpanels 2 through 5. 
These changes w e r e  i d e n t i f i e d  and descr ibed  i n  d e t a i l  i n  Sec t ion  2.5.3 
of t h e  Phase I1 3rd Quarter  Report ,  D2-113355-6. A l l  o t h e r  s t r u c t u r a l  
members of t h e  LASA des ign  have adequate  margins of s a f e t y  and conform 
wi th  “minimum gage” requirements .  

The t e c h n i c a l  ana lyses  a t  t h e  end of Phase I1 i n d i c a t e  t h a t  t h e  MTA-4 
des ign  can  su rv ive  t h e  c r i t i c a l  1.5-g peak la teral  s i n u s o i d a l  boos t  
environment w i t h  s a f e t y  and t o l e r a b l e  degrada t ion  and/or  damage, t h a t  
t h e r e  is  a n  acceptab ly  h igh  p r o b a b i l i t y  of s u c c e s s f u l  deployment i n  
space,  and t h a t  t h e  electrical  performance v e r i f i e s  t h e  electrical  des ign .  
Also, ana lyses  i n d i c a t e  t h a t  a p p r o p r i a t e  ground deployment tests of t h e  
s o l a r  pane l  can b e  performed on t h e  ground wi th  t h e  deployment test 
equipment. I 

The dynamic cond i t ions  create t h e  c r i t i ca l  loads  and deformations i n  t h e  
stowed conf igu ra t ion .  The r e s u l t s  of t h e  dynamic ana lyses  are shown i n  
F igure  2-8, and Tables  11-4 and 11-5. The margins of s a f e t y  on s t r e n g t h  
of primary s t r u c t u r a l  elements are summarized i n  Tables  11-6 and 11-7. 
The s t r e n g t h  of f i t t i n g s  and mechanisms, as w e l l  as more d e t a i l s  of t h e  
primary s t r u c t u r e  and i ts  ana lyses ,  are t o  be  found i n  t h e  3rd Quar te r ly  
Report ,  P a r t  11, D2-113355-6. The loads  ana lyses  are based on an  assump- 
t i o n  of Q ( load magni f ica t ion  f a c t o r )  = 15. T e s t s  t o  d a t e  i n d i c a t e  t h i s  
is achievable ,  b u t  Phase I11 v i b r a t i o n  t e s t i n g  is  e s s e n t i a l  t o  v e r i f y  
t h a t  t h e  e x i s t i n g  des ign  does provide  s u f f i c i e n t  damping. 
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Table 11-4: LASA TO SPACECRAFT NET CLEARANCES 

LAS A Dynamic N e t  Clear- 

Clearance t i o n  I n t e r f e r e n c e  
S t a t i c  Def lec- ance o r  

Locat ion of Clearance Clearance ( inches)*  ( inches )  ** ( inches)  

S t a t i o n s  10 t o  40 

s t a t i o n  10.5 t o  
s p a c e c r a f t  

a t  s t a t i o n  27.3 t o  
s p a c e c r a f t  

s p a c e c r a f t  

0 Tiedown f i t t i n g  a t  Local 0 .1  

0 Diagonal s t r u t  f i t t i n g  Local 0.40 

0 Diagonal s t r u t  t o  General 0.84 

0 LASA frame t o  s p a c e c r a f t  General  1.85 

S t a t i o n s  40 t p  87 
0 Diagonal s t r u t  t o  General 0.84 

a LASA frame t o  s p a c e c r a f t  General  1.85 

S t a t i o n s  87  t o  125 
e Tiedown f i t t i n g  a t  Local 0 .1  

s t a t i o n  100.2 t o  
s p a c e c r a f t  

a t  s t a t i o n  119.20 t o  
s p a c e c r a f t  

s p a c e c r a f t  

4 

s p a c e c r a f t  

0 Diagonal s t r u t  f i t t i n g  Local 0.40 

0 Diagonal s t r u t  t o  General 0.84 

0 LASA frame t o  s p a c e c r a f t  General  1.85 
0 Tiedown f i t t i n g  a t  Local 0.10 

s t a t i o n  123.7 t o  
s p a c e c r a f t  

S t a t i o n s  125 t o  151 
0 U S A  frame t o  s p a c e c r a f t  General  1.85 
0 Tiedown f i t t i n g  a t  Local 0.10 

e Overcenter l ock  a t  Local 1.33 

s t a t i o n  147.5 to  
s p a c e c r a f t  

s t a t i o n  150.2 t o  
s p a c e c r a f t  

S t a t i o n s  151  t o  171  

s t a t i o n  169.9 t o  
s p a c e c r a f t  

0 Tiedown f i t t i n g  a t  Local 0.10 

0 LASA frame t o  s p a c e c r a f t  General 1.85 

0.06 

0.30 

0.55 

0.55 

0.62 

0.62 

0.17 

0.62 

0.62 

0.62 
0.16 

0.60 
0.15 

0.15 

0.15 

0.35 

0.04 

0.10 

0.29 

1.30 

0.22 

1.23 

(0.07) 

(0.22) 

0.22 

1.23 
(0.06) 

1.25 
(0.05) 

1.18 

(0.05) 

1.50 

*Includes s t a c k  t o l e r a n c e  bui ldup 
**Based on lateral sine v i b r a t i o n  inpu t  of 1.5 g 
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Table 11-6: 

Member 

Outboard Spar 

Lateral Spar 
( S t a t i o n  123.7) 

Lower Edge Member 
( S t a t i o n  10.5) 

Diagonal Brace 

D2-113355-7 

MTA-1 STRESS ANALYSIS SUMMARY---BERYLLIUM 

Cr i t ica l  Condition* 

In-plane pane l  v i b r a t i o n ;  channel  
c r i p p l i n g  due t o  combined axial  
and bending loads .  

In-plane panel  v i b r a t i o n ;  s p a r  cap 
t e n s i o n  due t o  later s p a r  bending. 

In-plane panel  v i b r a t i o n ;  Sun s i d e  
s p a r  cap c r i p p l i n g  due t o  combined 
ax ia l  and bending loads .  

In-plane pane l  v i b r a t i o n ;  channel  
c r i p p l i n g  due to combined a x i a l  
and bending loads .  

Margin of 
Sa fe ty  

+ 0.00 

+ 0.04 

+ 0.06 

+ 0.00 

* Using u l t i m a t e  s a f e t y  f a c t o r  of 1.25, app l i ed  t o  l i m i t  loads  obta ined  
from 1.5-g s i n e  v i b r a t i o n  inpu t  

Time-history and t r a n s i e n t  load s t u d i e s  are presented  i n  t h e  re ferenced  
document. The space  deployment loads  are summarized i n  F igure  2-9. The 
deployment of a u x i l i a r y  pane ls  t oge the r  wi th  t h e  a n a l y s i s  of t h e  deploy- 
ment h inges ,  quadrants ,  l a t c h e s ,  and release mechanisms are d iscussed  i n  
d e t a i l  i n  Sec t ions  3 and 5. Analyses and tests t o  d a t e  i n d i c a t e  t h a t  no 
major modi f ica t ion  is  necessary t o  t h e  design of t h e  release-deployment 
mechanisms o r  t o  t h e  ground deployment test  equipment. 

This  does n o t  preclude mod i f i ca t ion  of MTA-4A as a r e s u l t  of ground tests 
of MTA-4A i n  Phase 111. A summary of margins of s a f e t y  on h inges ,  
l a t c h e s ,  and d iagonal  s t r u t  is  shown i n  Table  11-8. 

The electrical  power system s e l e c t e d  provides  a l i gh twe igh t  system wi th  
a n  accep tab le  power l o s s .  The b a s e l i n e  s o l a r - c e l l  s t a c k  assembly con- 
s i s t i n g  of a 3-mil coverg lass  and a n  8 - m i l  c e l l  w i l l  have accep tab le  
r a d i a t i o n  degrada t ion  c h a r a c t e r i s t i c s  f o r  t h e  350-day r e f e r e n c e  tra- 
j e c t o r y .  
Mechanical stress on t h e  ce l l - to - in te rconnec tor  ce l l  j o i n t s  and t h e  
electrical r e s i s t a n c e  w i l l  no t  adverse ly  a f f e c t  a r r a y  performance. Mag- 
n e t i c  i n t e n s i t y  caused by c u r r e n t s  i n  t h e  s o l a r  cells and in t e rconnec to r s  
w a s  reduced from 200 gamma t o  less than  1 gamma by us ing  counter  flow of 
c u r r e n t s .  

Sec t ion  4.6 of t h i s  document p re sen t s  t h e  r a d i a t i o n  a n a l y s i s .  
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a, 

a, Hinge F 

a 3.37 

b 3.68 

4 

a. Based on 6 = 0.032 r ad / sec  (D2-113355-3) 

b. 
i 

i Eased on 6 = 0.035 r a d / s e c  ( f i n a l  des ign  l i m i t  load)  

Sketch i s  for Sequence 3 

Rota t ing  
Hinge 

F i  gure 2-9 : S P A C E  DEPLOYMENT LOADS 
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Component 

Main h inge  
(Panel  1-2) 

Main h inge  
(Panels  2, 
3 ,  and 4 )  

Auxi l ia ry  
h inge  
(Panel  2) 

Auxi l ia ry  
h inge  
(Panels  3, 
4 ,  and 5) 

D i a g  ona 1 
s t r u t  

Table  11-8: 

Margins 
of 

Safe ty  

0.17 

0.17 

0.33 

0.33 

0.08 

MINIMUM MARGINS OF SAFETY HINGES, 
LATCHES, 

Critical 
I t e m  

Latch 
l i n k  

Latch 
l i n k  

Latch 
l i n k  

Latch 
l i n k  

Main 
s t r u t  
member 

AND DIAGONAL STRUT 

Pred ic t ed  
F a i l u r e  
Mode 

Compression 
buckl ing 

Compression 
buckl ing 

Compression 
buckl ing 

Compression 
buckl ing 

Compression 
buckl ing 

All components are  c r i t i c a l  f o r  deployment loads 

Remarks 

Same l i n k s  are used on 
a l l  main h inges ;  loads  
are reduced on outboard 
h inges .  

Same h inges  are used on 
a l l  pane ls ;  loads  are 
reduced on outboard 
h inges .  

Qual i ty  assurance  problems have been reso lved .  
f inement of s p e c i f i c  i n spec t ion  techniques expedi ted t h e  d e t e c t i o n  of 
d e f e c t s .  The use  of sys temat ic  hardware records  are a p r i n c i p a l  p a r t  
of t h e  conf igu ra t ion  c o n t r o l  package. 

The f a i l u r e  mode and e f f e c t s  a n a l y s i s  of t h e  a r r a y  i s  s u i t a b l e  as an 
i n i t i a l  b a s e l i n e  f o r  f u t u r e  f l i g h t - a r t i c l e  ana lyses .  The complete f a i l -  
u r e  mode and e f f e c t s  ana lyses  are descr ibed  i n  d e t a i l  i n  Boeing Document 
D2-114081-1. R e l i a b i l i t y  p r e d i c t i o n  c a l c u l a t i o n s  i n d i c a t e  t h a t  an  ade- 
qua te  des ign  concept has  been achieved.  

The f i n a l  weight breakdown is  summarized i n  Table 11-2. 

The development and re- 
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Figure 2-10: DEPLOYMENT VERIFICATION EQUIPMENT 

2.3 GSE DESIGN SUMMARY 

The ground equipment designed and f a b r i c a t e d  f o r  Phase I1 deployment 
t e s t i n g  (see Figure  2-10) permi t ted  t h e  deploying subpanels  extreme 
freedom of motion i n  t h e  h o r i z o n t a l  plane.  The minimum-friction a i r  
bear ing  unde rca r r i age  supported t h e  weight of t h e  undeployed subpanels ,  
y e t  w a s  s e n s i t i v e  t o  very s m a l l  changes i n  f o r c e s  t h a t  would i n f l u e n c e  
t h e  deployment of a similar a r r a y  i n  space.  Planned Phase 111 modifi- 
c a t i o n s ,  such as t h e  a d d i t i o n  of overhead air bea r ings  t o  suppor t  t h e  
deployed panels ,  w i l l  f u r t h e r  enhance t h e  a b i l i t y  t o  o b t a i n  test d a t a  
under s imulated zero-g cond i t ions .  

Handling and t r a n s p o r t a t i o n  equipment w a s  provided i n  Phase I1 t o  t r ans -  
p o r t  MTA-1 between t h e  manufacturing and test areas. T e s t s  t o  e s t a b l i s h  
f i t  and func t ion ,  and t o  determine equipment performance under t y p i c a l  
ope ra t ing  cond i t ions  w e r e  conducted p r i o r  t o  use  wi th  t h e  bery l l ium test 
article. 

Pre l iminary  des igns  produced i n  Phase I f o r  equipment r equ i r ed  t o  suppor t  
Phase I11 opera t ions  w e r e  updated and completed t o  a g r e a t e r  level of 
d e t a i l .  The des igns  are based on a 13 bery l l ium subpanel MTA-4 
conf igu ra t ion .  
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2.4 MAWFAC Y 

MTA-7 {abhication and unmbRy v 
m e  devetaped 0 t h e  main nubpanet Revet. 

manu{a 

Successfu l  completion of t h e  f a b r i c a t i o n  and assembly of t h e  l a r g e s t  
and most complex subpanel  of t h e  s o l a r  panel ,  shown i n  F igure  2-11, 
completed t h e  manufacturing c o n t r a c t  requirements  and program o b j e c t i v e s  
f o r  Phase 11. 

Ful l - sca l e  too l ing  has  been proved and w i l l  be  usab le  on Phase I11 by 
making r e v i s i o n s  r equ i r ed  by t h e  d i f f e r e n t  conf igu ra t ion  of t h e  remain- 
ing  panels  and minor t o o l i n g  improvements. 

The manufacturing techniques developed i n  Phase I have been proved under 
f u l l - s c a l e  cond i t ions ,  and, except  f o r  t h e  f i n a l  s t r u c t u r a l  bond opera- 
t i o n  and some process  ref inement ,  w i l l  be  a p p l i c a b l e  t o  Phase 111. 

Forming of 8-foot-long bery l l ium channels  t o  s t r a i g h t n e s s  t o l e r a n c e s  of 
0,002 i n  10 inches and waviness or spr ingback amounting t o  less than  
0.005 w a s  accomplished on approximately 80 p a r t s .  The forming rate,  
however, w i th  p re sen t  t o o l s  and equipment, i s  too  slow f o r  product ion  
q u a n t i t i e s .  Tooling capable  of forming o r  ho t -s iz ing  several p a r t s  
during each 4-hour forming c y c l e  w i l l  be  r equ i r ed  f o r  q u a n t i t y  produc- 
t i o n .  Procurement of s tock-length bery l l ium material t o  n e t  widths  f o r  
caps and shea r  webs and c u t t i n g  t o  l eng th  a f t e r  chem-milling has proved 
economical and p r a c t i c a l .  

The t i t an ium f i t t i n g  f a b r i c a t i o n  sequence developed f o r  Phase I1 mini- 
mized machining t i m e  by u t i l i z i n g  f u l l  m i l l - c u t t e r  c a p a b i l i t y  without  
d i s t o r t i o n  of thin-walled p a r t s .  

Bonding of 58 tubu la r  bery l l ium bonded s t i c k  assemblies  t o  t h e  r equ i r ed  
s t r a i g h t n e s s  and cross -sec t ion  t o l e r a n c e s  w a s  accomplished wi th  no s c r a p  
r e j e c t i o n s .  

Bonding of t h e s e  s t i c k  assemblies  i n t o  Sunside and da rks ide  frames wi th  
g u s s e t s ,  s p l i c e  p l a t e s ,  and corner  c l i p s  proved both t h e  pneumatic pres- 
s u r e  and s p r i n g  p res su re  bonding methods. 
and c l i p  bonding f i x t u r e  i s  shown i n  F igure  2-11. 
w a s  app l i ed  by a s i l i c o n e  rubber p re s su re  diaphragm and s p r i n g  p res su re  
w a s  app l i ed  through m e t a l  p l a t e s  and s i l i c o n e  rubber  pads.  

The da rks ide  s p l i c e  p l a t e  
Pneumatic p re s su re  

Fu l l - sca l e  assembly and bonding of f i b e r g l a s s  t apes  t o  make t h e  so l a r -  
c e l l  s u b s t r a t e  demonstrated t h e  need f o r  a d d i t i o n a l  l o c a t o r s  t o  p o s i t i o n  
t h e  long t apes  w i t h i n  drawing to l e rances .  
during t h e  350°F vacuum bag c u r e  c y c l e  p re t ens ions  t h e  t a p e  on curing.  
The s u b s t r a t e  assembly t o o l i n g  i s  shown i n  F igure  2-11. 

Expansion of t h e  steel p l a t e  
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F ibe rg la s s  Tape Layup--- 
Subs t r a t e  Assembly 

S p l i c e  P l a t e / C l i p  Bond--- 
Darkside Frame Assembly 

Solar-Cel l  Module 
I n s  tallation---MTA-l 

MTA-1 

F i g u r e  2-1 1 : MTA-I F A B R I C A T I O N  

F i n a l  s t r u c t u r a l  bonding of t h e  two subframes t o  t h e  s u b s t r a t e  using 
atmospheric bonding p res su re  r e s u l t e d  i n  a good bond. 
cyc le ,  however, t h e  channel-to-cap bonds on 19 of 36 i n t e r c o s t a l s  f a i l e d  
due t o  unplanned s i d e  loads  and excess ive  temperatures .  
determine t h e  a l lowable  loading of prev ious ly  cured bonds during sub- 
sequent  c u r e  cyc le s  ind ica t ed  a minimum s a f e t y  f a c t o r  of four .  T e s t s  
made subsequent t o  t h e  f a i l u r e  showed t h a t  bond s t r e n g t h s  f o r  sus t a ined  
loading a t  bonding temperatures  are approximately one f o u r t h  t h e  s tan-  
dard p u l l - t e s t  s t r e n g t h s  a t  t h e s e  temperatures .  

During t h e  cure  

T e s t s  made t o  
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The bond f a i l u r e  p r e c i p i t a t e d  a program f o r  development of s t r u c t u r a l  
r e p a i r  techniques.  The r e s u l t s  of t h i s  e f f o r t  are perhaps t h e  most 
va luab le  manufacturing informat ion  obta ined  dur ing  Phase 11. 
c a t i o n  of l o c a l  r a p i d  hea t ing  t o  disassemble bonded s t r u c t u r e  wi thout  
damage t o  p a r t s  o r  ad jacen t  bonds, p l u s  t h e  subsequent p repa ra t ion  and 
rebonding techniques,  has  advanced t h e  p r a c t i c a l  a s p e c t s  of t h i s  type  
of s t r u c t u r a l  bonding s i g n i f i c a n t l y .  

Assembly of s o l a r  cells  i n t o  f u l l - s i z e  submodules using t h e  pulse-  
so lde r ing  techniques from Phase I v e r i f i e d  t h e  Phase I development work. 
I n s t a l l a t i o n  of t h e s e  submodules w a s  accomplished wi th  a much-simplified 
method over t h a t  used i n  Phase I. The cells w e r e  app l i ed  t o  t h e  sub- 
strate Sunside up, as shown i n  F igure  2-11, r a t h e r  t han  t h e  p a n e l  being 
appl ied  t o  cells  Sunside down. This permi t ted  s imple t o o l i n g  
cons t ruc ted  of ure thane  foam wi th  Styrofoam backing and t h i n  masoni te  
hard su r fac ing  i n  con tac t  wi th  t h e  ce l l  f aces .  
p re s su re  app l i ed  by a vacuum bag produced a good bond. 

The app l i -  

One p s i  of a tmospheric  

I n s t a l l a t i o n  of mass-simulated bus b a r s  and so lde r ing  of i n t e rconnec t ions  
and d iodes  completed t h e  pane l  assembly ready f o r  t e s t i n g .  

Detail manufacturing c o s t  d a t a  has  been obtained throughout Phase 11, 
and t h e  c o s t  of t oo l ing  and s p e c i f i c  c a t e g o r i e s  of p a r t s  has  been 
e s t a b l i s h e d .  The high-cost areas, as expected, are i n  t h e  forming 
too l ing ,  t h e  bonding t o o l i n g ,  t h e  bery l l ium f a b r i c a t i o n ,  and t h e  
s t r u c t u r a l  bonding. 

2.5 SYSTEMS TEST SUMMARY 

The ac t iv i t i e s  i n  Phase I1 centered  around t h e  experimental  f a b r i c a t i o n  
and t e s t i n g  of test  articles rep resen t ing  components of systems o r  
system segments. The purpose i n  performing t h e s e  tests w a s  t o  c o l l e c t  
d a t a  and determine t h e  c h a r a c t e r i s t i c s  of t h e  s e l e c t e d  segments of t h e  
s o l a r  a r r a y  design.  This  in format ion  i s  used t o  improve t h e  performance 
of t h e  a r r a y  during Phase I11 t e s t i n g .  

The tests are d iv ided  i n t o  f i v e  groups o r  system segments as fol lows:  

1) Mechanisms s m a l l  component tests; 

2) Ground support  equipment tests; 

3) Deployment mechanisms tests, inc luding  t h e  de te rmina t ion  of t h e  
e f f e c t  of atmosphere on deployment; 

4) V ib ra t ion  t e s t i n g  of Subpanel No. 1; 

5) Vib ra t ion  t e s t i n g  of the Subpanel Sample SCS-43 f a b r i c a t e d  i n  
.Phase I. 

Each group i s  repor t ed  sepa ra t e ly .  The purpose of t h e  test, i t s  con- 
duc t ,  r e s u l t s ,  conc lus ions ,  and recommendations are summarized. 
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2.5.1 TESTS OF SMALL COMPONENT MECHANISMS 

DQ/tcLie d a i g n  d m  ab-tained dwting nm& component mechaLzinm tah WCU, 
necannmy t o  develop t h e  mechanhm d a i g n .  

The purpose of t h e  s m a l l  component test series w a s  t o  provide  develop- 
ment test  d a t a  and determine cha rac t e r i s+ . i c s  of mechanisms systems and 
t h e i r  components. 
thermal-vacuum environments f o r  deployment mechanisms. These tests 
w e r e  accomplished by i n s t a l l i n g  pro to type  developmental mechanisms on 
smal l - s ize  deployment subpanels .  Hinge f r i c t i o n s  w e r e  measured f o r  
bo th  normal and d e f l e c t e d  panels .  Deployment cab le  and quadrant  f r i c -  
t i o n s  w e r e  measured. T e s t  r e s u l t s  included t h e  va lues  f o r  f r i c t i o n  
f o r c e s  r equ i r ed  t o  open t h e  s o l a r  pane l s ,  de te rmina t ion  of f r i c t i o n  
f o r c e s  between t h e  deployment cab le  and quadrants ,  and opera t ing  char- 
acteristics of t h e  deployment system i n  a thermal-vacuum environment. 
( S t a t i o n  10.5 boos t  tiedown components w e r e  s e l e c t e d  and mounted i n  a 
s u i t a b l e  f i x t u r e  f o r  t e s t . )  Boost tiedown c i r c u m f e r e n t i a l  c a b l e  release 
system elements operated f l a w l e s s l y ,  and t h e  c i r c u m f e r e n t i a l  c a b l e  
e x i t e d  from t h e  s imulated s p a c e c r a f t  a t  v e l o c i t i e s  of 400 inches  pe r  
second. There w a s  no tendency t o  hang up o r  whiplash t h e  ad jacen t  
pane ls  even w i t h  release de lays  of 0.10 second between t h e  two c a b l e  
ends. The cen te r  spa r  release clamp requ i r ed  r edes ign  and an i n c r e a s e  
i n  Nomex cab le  diameter t o  m e e t  a l l  i n s t a l l a t i o n  requirements .  

T e s t  d a t a  w e r e  ob ta ined  i n  both Earth-ambient and 

It i s  concluded t h a t  p r e s e n t l y  designed mechanisms w i l l  perform satis- 
f a c t o r i l y  throughout a deployment sequence. S t a t i o n  10.5 boos t  tiedown 
system de l ive red  adequate  performance b u t  a t o t a l  s i x - s t a t i o n  system 
must b e  t e s t e d  t o  determine any system degrada t ion  due t o  launch v ibra-  
t i o n  and thermal-vacuum environments. 

It is  recommended t h a t  t h e  t o o l i n g  p l a n  f o r  Phase I11 b e  reviewed and 
improvements made t o  m e e t  t h e  r equ i r ed  alignment to l e rances  f o r  h inges  
and l a t ches .  It a l s o  i s  recommended t h a t  a fu l l -boos t  tiedown system 
be  cons t ruc ted ,  sub jec t ed  t o  a launch v i b r a t i o n  environment, and 
release t e s t e d  as a t o t a l  system. 

2.5.2 GSE TEST SUMMARY 

The subpanel  handl ing f r a m e  and d o l l y  w e r e  checked f o r  f i t  and func t ion  
w i t h  MTA-3 Subpanel No. 1. 
shock loading experienced dur ing  d o l l y  ope ra t ion  w e r e  determined by 
test be fo re  u s e  wi th  MTA-1 (see Figure  2-12). 

Comprehensive tests w e r e  conducted on t h e  main subpanel  deployment ver- 
i f i c a t i o n  f i x t u r e  t o  c a l i b r a t e  system ins t rumenta t ion ,  set equipment 

Handling frame d e f l e c t i o n  under load  and 
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Hand l i n g  Frame 
Def lec t ion  T e s t  

Demonstration Equipment 
Auxil iary Subpanel 
Deployment T e s t  

Handling Dolly Shock 
Loading T e s t  

Demonstration Equipment 
Carr iage T e s t  

Figure 2-12: GROUND SUPPORT EQUIPMENT TESTS 
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ope ra t ing  l i m i t s ,  and demonstrate  proper  equipment performance be fo re  
t h e  start  of formal MTA-3 deployment t e s t i n g .  

Se lec ted  components of t h e  Phase I11 deployment demonstrat ion 
were t e s t e d  i n  Phase 11. The overhead t r a c k ,  c a r r i a g e ,  and s p  
ba r  system w a s  f a b r i c a t e d  and a series of deployments performe a 
test  panel .  A set of l igh tweight  aluminum a u x i l i a r y  subpanels  w a s  fab- 
r i c a t e d ,  i n s t a l l e d  on MTA-3 Main Subpanel 4 ,  and deployed us ing  several 
combinations of h e l p e r  s p r i n g s ,  counterweights ,  and dampers t o  supply 
and c o n t r o l  t h e  deployment fo rce .  
strate t h e  need’for  a d d i t i o n a l  deployment demonstrat ion des ign  and test 
a c t i v i t y  i n  Phase 111. 

The r e s u l t s  of t h e s e  tests demon- 

2.5.3 MTA-3 MECHANISM AND AERODYNAMIC TESTS 

The purpose of t h e  mechanism and aerodynamic p a r t s  of t h e  MTA-3 test 
program w a s  t o :  

1 )  Obtain developmental ope ra t ing  d a t a  on a r r a y  mechanisms f o r  
des ign  a p p l i c a t i o n ;  

2) Develop t h e  s imulated zero-g deployment test equipment and 
procedures and provide d a t a  t o  compare t o  t h e  deployment a n a l y s i s  
of t h e  Phase I1 aluminum deployment model; 

3 )  Determine t h e  s i g n i f i c a n c e  of aerodynamic e f f e c t s  on deployment 
test  resu l t s  f o r  a p p l i c a t i o n  t o  t h e  f u t u r e  ground deployment 
t e s t i n g  of MTA-4. 

The tests were performed wi th  and without  p l a s t i c  membranes on t h e  pane l  
frames. Each test w a s  conducted f o r  two condi t ions .  One cond i t ion ,  t o  
o b t a i n  t ime-his tory d a t a ,  w a s  s t a r t e d  wi th  zero c a b l e  t e n s i o n  and zero  

e l o c i t y .  The second cond i t ion  imposed a c o n t r o l l e d  c l o s i n g  
on one pane l  t o  d u p l i c a t e  continuous deployment v e l o c i t i e s .  

c t e d  t o  o b t a i n  ope ra t ing  c h a r a c t e r i s t i c s  w i th  a d e f l e c t e d  
i n g  d e f l e c t i o n  due t o  thermal  g r a d i e n t s .  

rogram provided ope ra t ing  d a t a  and deployment dynamic response 
parameter in format ion  va luab le  f o r  comparison t o  a n a l y t i c a l  
p rev ious ly .  The aerodynamic test r e s u l t s  shown i n  F igure  2 
very  c l o s e  agreement wi th  t h e  bare-frame r e s u l t s .  
f r i c t i o n  i n  MTA-3 masked test d a t a  t h a t  should have shown s m a l l  d i f f e r -  
ences  on outboard deployment sequences. 
hardware i t e m s  could b e  observed and eva lua ted  and r e s u l t e d  i n  minor 
des ign  improvements. 
Alignment of hinged elements requi red  improvement. 

Unexpectedly h igh  

Performance of many d e t a i l  

I n t e r f e r e n c e s  w e r e  discovered and co r rec t ed .  
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T i m e  (seconds) 

Figure 2-13: EFFECT OF SUBSTRATE ON MTA-3 DEPLOYMENT TEST 
(Typical Run) 
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It w a s  concluded t h a t  t h e  mechanisms as rev i sed  are s u i t a b l e  f o r  space  
deployment. 
l i n e  alignment on assembly. 

2.5.4 VIBRATION TEST OF SUBPANEL NO. 1 

Improved t o o l i n g  must be  cons t ruc ted  t o  ensure  h inge  center -  

V i b d o n  t u a n g  06 Subpanet No. I p m v i d u  i n~o tuncc l ian  an t h e  dynamic. 
chatractmficn ad b m y W m  nubpan&. 

The purpose i n  running t h e  v i b r a t i o n  tests on MTA-1 w a s  t o  eva lua te  t h e  
damping c h a r a c t e r i s t i c s  i n  a i r  and p a r t i a l  vacuum, and determine t h e  
resonant  f r equenc ie s  i n  a i r  and a vacuum f o r  u s e  i n  comparison wi th  
p red ic t ed  c a l c u l a t e d  va lues .  

The tests w e r e  conducted i n  t h e  Boeing 50,000-cubic-foot vacuum chamber 
i n  a i r  and a t  1/20 atmosphere. 

Diagnost ic  sweeps of i npu t  and response a c c e l e r a t i o n s  and strains w e r e  
obtained f o r  bending and t o r s i o n a l  modes i n  a i r  and vacuum up t o  50 Hz. 

Decaying o s c i l l a t i o n  r eco rds  f o r  two bending and one t o r s i o n  mode w e r e  
obtained.  One bending mode w a s  s e l e c t e d  and t h e  e x c i t a t i o n  level r a i s e d  
t o  o b t a i n  s u b s t r a t e  a c c e l e r a t i o n s  comparable t o  t h e  maximum expected f o r  
t h e  stowed a r r a y .  Input  and response d a t a  w e r e  ob ta ined  through t h e  
s e l e c t e d  resonant  band. 

The r e s u l t s  of t h e  v i b r a t i o n  tests show accep tab le  c o r r e l a t i o n  between 
t h e  measured and c a l c u l a t e d  resonant  f requencies  f o r  t h e  f i r s t  bending 
and t o r s i o n  modes i n  vacuum. The measured f requencies  i n  a i r  d i d  n o t  
ag ree  wi th  t h e  ca l cu la t ed  f requencies .  
chamber w a l l s  is  considered a p o s s i b l e  cause f o r  t h e  disagreement.  

The proximity of t h e  vacuum 

Energy d i s s i p a t i o n  c a p a b i l i t y  of t h e  subpanel  i s  very  encouraging. 
Measured load magni f ica t ion  i n  a vacuum averages a Q of 18 a t  t h e  low- 
est bending frequency and a Q of 29 a t  t h e  second bending mode. The 
s u b s t r a t e  sus t a ined  a peak va lue  of 37 g ' s  and t h e  s t r u c t u r e  sus t a ined  
a maximum stress level of 9,500 p s i  w i th  no v i s i b l e  damage. 

2.5.5 SCS-43 SUBPANEL VIBRATION TESTS 

The 4-foot-square s m a l l  component s t r u c t u r e  (SCS-43)(see F igure  2-14) 
subpanel  w i th  t w o  suppor t  conf igu ra t ions  (clamped and pinned) w a s  sub- 

n tests i n  a i r  and vacuum (40 t o r r ) .  Appreciable  
ng and a n  i n c r e a s e  i n  t h e  s u b s t r a t e  f requenc  

observed wi th  t h e  a i r  p r e s s u r e  reduced from ambient t o  40 t o r r  

w .  
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Figure 2-1 4: SCS-43 SUBPANEL 

.. . 
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suppor t  conf igu ra t ions .  Correc t ions  f o r  t h e  accelerometer  weights  and 
a n  assumption of t h e  a i r  i n e r t i a l  e f f e c t  w e r e  made f o r  t h e  c a l c u l a t e d  
f requencies .  Comparison of c a l c u l a t e d  and measured f requencies  w a s  
accep tab le  f o r  t h e  low-frequency band bu t  d i d  n o t  show good c o r r e l a t i o n  
f o r  t h e  high f r equenc ie s .  The s t o r a g e  t i m e  (8 t o  9 months) between t h e  
last  test i n  Phase I and t h e  Phase I1 test  d i d  no t  s i g n i f i c a n t l y  a f f e c t  
t h e  dynamic c h a r a c t e r i s t i c s  of t h e  pane l ,  i n d i c a t i n g  no s i g n i f i c a n t  
c r eep  i n  s u b s t r a t e .  

Resu l t s  of t h e  four  v i b r a t i o n  tests run  on SCS-43 are as shown i n  
Table  11-9. 

Table 11-9: VIBRATION TEST RESULTS 

*Resonances w e r e  i n  a band wi th  maximum response a t  d i f f e r e n t  frequen- 
cies, dependent on t h e  p o s i t i o n  of t h e  ins t rumenta t ion .  I n  a i r ,  t h e  
peaks w e r e  less d i s c r e t e ;  i n  vacuum, t h e r e  w e r e  u s u a l l y  t h r e e  prom- 
i n e n t  peaks i n  t h e  band. 

F a i l u r e  of a previous ly  damaged i n t e r c o s t a l  cap occurred be fo re  t h e  
pinned conf igu ra t ion  test  i n  vacuum wi th  no apparent  major change i n  
t h e  pane l  dynamic c h a r a c t e r i s t i c s  dur ing  subsequent tests. Damage t o  
seven l i ve  ce l l s  occurred during th i s  series of tests. 

Power output  measurements made be fo re  and a f t e r  a l l  v i b r a t i o n  tests 
showed a 1.6% decrease  i n  power. It w a s  concluded t h a t  t h i s  d i d  no t  
s i g n i f i c a n t l y  a f f e c t  t h e  e lectr ical  c h a r a c t e r i s t i c s  of t h e  pane l  and 
w a s  w i t h i n  t h e  accuracy of t h e  ins t rumenta t ion .  

2.6 QUALITY ASSURANCE SUMMARY 

The "Detailed Qual i ty  Assurance Plan'' w a s  r e l eased  i n  February 1967. 
Revis ion A w a s  publ ished on May 13, 1967. This  p l a n  has  r equ i r ed  only 
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minor r e v i s i o n  wi th  c o n t r a c t u a l  changes a f f e c t i n g  t h e  document t h e  most. 
B r i e f l y ,  t h i s  p l an  exp la ins  four  b a s i c  s u b j e c t s :  (1) Boeing q u a l i t y  
assurance c a p a b i l i t i e s ;  (2) t h e  q u a l i t y  philosophy t o  be  used on t h e  
LASA program; (3) requirements t o  be  s a t i s f i e d  i n  complying wi th  LASA 
q u a l i t y  philosophy; and (4) those  s e l e c t e d  LASA program areas where 
varying degrees  of q u a l i t y  assurance would be  appl ied .  
v i s i o n  t o  t h e  p l an  w a s  r e l e a s e d  i n  October 1968. 

A second re- 

Procurement c o n t r o l s  adequately supported t h e  program. One of t h e  most 
important  and d e f i n i t e l y  the  l a r g e s t  receival w a s  r a w  bery l l ium s tock .  
A t  one t i m e  t h e  acceptance of 120 p i eces  of  bery l l ium w a s  i n  doubt u n t i l  
a ques t ionable  s u r f a c e  cond i t ion  w a s  cor rec ted .  One o rde r  of bery l l ium 
wi th  s u r f a c e  d e f e c t s  w a s  r e tu rned  t o  t h e  s u p p l i e r .  The next  o rde r  w a s  
r e j e c t e d  i n  h i s  p l a n t  be fo re  shipment and h e l d  u n t i l  s u r f a c e  d e f e c t s  
w e r e  cor rec ted .  A l l  bery l l ium material co r rec t ions  w e r e  made w i t h i n  
schedule  requirements.  

The bery l l ium s u r f a c e  condi t ion ing  s u p p l i e r  represented  t h e  o t h e r  main 
procurement. Almost every bery l l ium p a r t  w a s  shipped between t h e  
s u p p l i e r  and Boeing a t  least  t w i c e  f o r  s u r f a c e  chemical m i l l i n g  and/or  
c leaning  and priming. 
formed e a r l y  i n  t h e  program. 
a l s o  w a s  ass igned  t o  provide s u r v e i l l a n c e  a t  t h i s  s u p p l i e r ' s  p l a n t .  
Formal documentation inc luding  s u p p l i e r  and Boeing h i s t o r i c a l  and d i s -  
crepancy records  were used f o r  process ing  p a r t s .  

A formal survey of t h i s  s u p p l i e r  had been per- 
A Boeing q u a l i t y  source r e p r e s e n t a t i v e  

Informal  surveys w e r e  conducted a t  t h e  t i t an ium "shear tooth" and motor 
cab le  drum s u p p l i e r s '  p l a n t s  p r i o r  t o  start  of LASA work a t  t h e s e  loca-  
t i o n s .  Hardware rece ived  from t h e s e  s u p p l i e r s  represented  e x c e l l e n t  
workmanship and m e t  r equ i r ed  s p e c i f i c a t i o n s .  

New and r ev i sed  l i n e  in spec t ion  techniques and procedures developed and 
proved i n  Phase I w e r e  r e a d i l y  used dur ing  Phase I1 opera t ions .  
included s o l a r - c e l l  and cover g l a s s  r ece iv ing  and process ing  sampling 
p l ans ,  combination pene t r an t  and eddy cu r ren t  i n spec t ion  of bery l l ium 
p a r t s ,  and radiographing of  t i t an ium weldments. Aerospace material and 
process  personnel  u t i l i z e d  experimental  harmonic adhesive bond t e s t i n g  
equipment on MTA-1 t o  h e l p  l o c a t e  broken bond j o i n t s .  More informat ion  
on t h i s  s u b j e c t  is found i n  Sec t ion  4.6. 

These 

A t o t a l  of 630 manufacturing shop i n s t r u c t i o n s  w e r e  reviewed and approved 
by Qual i ty  Control.  Required tests, d e l i v e r y  of test r e p o r t s ,  and certi- 
f i c a t i o n s  a l s o  were conducted by t h e  q u a l i t y  c o n t r o l  service l a b o r a t o r i e s  
on and be fo re  use of  materials and s u p p l i e s  used i n  LASA MTA-1 fabr ica-  
t i o n .  

Numerous q u a l i t y  c o n t r o l  t r end  d a t a  r e p o r t s  have been submit ted i n  t h e  
p a s t .  
o r  concerned p a r t i c u l a r  materials and p a r t s  ( i . e . ,  s o l a r  cel ls ,  bery l -  
l i u m ,  e t c . ) .  
Phase I1 hardware and compares t h i s  w i th  t h e  p a r t i c u l a r  process  of func- 
t i o n  t ak ing  p l a c e  when t h e  o r i g i n a l  r e j e c t i o n  w a s  w r i t t e n .  
a l s o  i d e n t i f i e s  f i n a l  r e p o r t  d i s p o s i t i o n s  summarizing them i n t o  "use-as- 

This  information r epor t ed  condi t ions  i n  t h e  Task 3 MTA-1 ope ra t ions  

F igure  2-15 summarizes r e j e c t i o n  r e p o r t s  w r i t t e n  on a l l  

This  f i g u r e  
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is," "rework," o r  "scrap." One t h i r d  of a l l  r e j e c t i o n  r e p o r t s  were d i s -  
pos i t i oned  "rework." This  r e s u l t e d  i n  s u c c e s s f u l l y  c o r r e c t i n g  d e f e c t s ,  
a l lowing p a r t s  t o  be  accepted.  Th i r t een  percent  of a l l  r e p o r t s ,  includ-  
ing  s o l a r  c e l l s ,  were d i spos i t i oned  as scrap .  A t o t a l  of 15 bery l l ium 
and 4 aluminum p a r t s  were scrapped. 

2.7 PRODUCT ASSURANCE SUMMARY 

Phase I1 experience has  continued t o  back up the  p r e d i c t i o n s  and ana lyses  
of Phase I. Accordingly,  r e v i s i o n  of r e l i a b i l i t y  p r e d i c t i o n  and f a i l u r e  
mode and e f f e c t  a n a l y s i s  documents has n o t  been considered necessary.  A 
b r i e f  summary of s p e c i f i c  items is as fol lows:  

The discovery of b l i s t e r e d  and peeled ohmic con tac t s  on t h e  customer- 
furn ished  cel ls  caused t h e  use of t h e s e  cells on MTA-1 t o  be sus- 
pended pending r e s o l u t i o n  of t h e  problem wi th  t h e  ce l l  s u p p l i e r .  

Explosive-actuated cab le  c u t t e r s  proposed f o r  t h e  MTA-1 f i n a l  tie- 
down release w e r e  used as tes t  devices  on SCM 30-2. It became 
apparent  t h a t  t h i s  p a r t i c u l a r  s u p p l i e r ' s  products  should no t  be  
used on f l i g h t  ar t ic les ,  This  i s  d iscussed  i n  Sec t ion  3.2.5. 

A f a i l u r e  mode and e f f e c t  a n a l y s i s  (F'MEA) w a s  prepared f o r  handl ing 
and deployment equipment. The a n a l y s i s  i d e n t i f i e s  those  f a i l u r e  
modes t h a t  could cause damage t o  test  articles o r  c a u s e ' i n v a l i d  
test  da t a .  It inc ludes  cons ide ra t ion  of human e r r o r  e f f e c t s  and 
e x t e r n a l l y  caused condi t ions .  

The Phase I1 t e s t i n g  showed t h a t  t he  v iscous  dampers would func t ion  
i n  a vacuum of a t  least  
Q u a l i f i c a t i o n  tests w e r e  completed on t h e  motor/cable  drum assembly 
d r i v e  u n i t  wi th  s a t i s f a c t o r y  r e s u l t s .  The motor/cable  drum assembly 
a l s o  opera ted  s a t i s f a c t o r i l y  i n  t h e  SCM-1 and MTA-3 deployment tests 
and i n  a vacuum of a t  least  

See Sec t ion  6 .4 .  

t o r r  a t  temperatures below -100°F. 

t o r r  and a temperature  of -63°F. 

Continued a t t e n t i o n  t o  d e t a i l s  of design and i n s t a l l a t i o n  involv ing  
dimensional c o n t r o l s ,  s p r i n g  f o r c e s ,  and f r i c t i o n  e f f e c t s  w i l l  be  
necessary  i n  Phase 111. The Phase I1 tests have been extremely 
u s e f u l  i n  i d e n t i f y i n g  areas where r e l i a b i l i t y  needs improvement. 

The p r a c t i c a l  experience gained wi th  s t r u c t u r a l  r e p a i r s  i n  Phase I1 
has shown t h a t  disassembly and r e p a i r  of segments of a f u l l - s i z e  
bonded bery l l ium subpanel  is p r a c t i c a l .  
s t r u c t u r e  r e p a i r  is found i n  Sec t ion  4.2.6. 

A d e t a i l e d  d i scuss ion  of 

Some i n s i g h t  a l s o  w a s  gained i n t o  t h e  load-sharing behavior  of  t h e  
s t r u c t u r e  when t h e  0.010 gage i n t e r c o s t a l  cap f r a c t u r e d  during 
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SCS-43 v i b r a t i o n  t e s t i n g .  The s t r u c t u r e  w a s  a b l e  t o  t o l e r a t e  t h i s  
f r a c t u r e  without  damage t o  o t h e r  members, thus  inc reas ing  t h e  confi-  
dence i n  t h e  design.  

2 .8  COST AND SCHEDULES 

A U  Phcrne 17 ubjec;tiuQn wehe a c c u m p ~ h e d  and home adcLiXiond deve lop -  
me& ed@& wehe iYLitiGl;ted, w,i,tkin ;the Phane 17 b u d g d .  

The Phase I1 program w a s  completed 12% under the  planned c o s t  (see Figure  
2-16). This w a s  made p o s s i b l e  by c a r e f u l  planning and monitor ing of each 
mi les tone  event ,  and i t s  a l l o c a t e d  budget.  By completing t h e  Task 4 
e f f o r t  ahead of schedule ,  w e  w e r e  a b l e  t o ,  wi th  t h e  d i r e c t i o n  of JPL, 
achieve  a d d i t i o n a l  deployment equipment development. 

The t a s k  mi les tones  of t h e  e i g h t  t a s k s  are shown i n  F igure  2-17. 

Task 1, t h e  Program P lan ,  w a s  completed on schedule .  

Task 2, Small Component Mechanisms, Fabr i ca t ion ,  T e s t ,  and Analysis--- 
Some r e t e s t i n g  of t h e  tiedown release system w a s  conducted a f t e r  t h e  
o r i g i n a l  tests proved t h a t  some des ign  changes w e r e  r equ i r ed .  

Task 3 ,  MTA-1 Fabr i ca t ion ,  T e s t  and Analysis---Manufacturing problems i n  
meeting t h e  c l o s e  des ign  to l e rances  and bond f a i l u r e  during t h e  f i n a l  
assembly bonding ope ra t ion  forced  a 6-week s l i d e  t o  t h e  MTA-1 f ab r i ca -  
t i o n  completion da te .  However, t h i s  schedule  s l i p p a g e  w a s  recovered 
be fo re  t h e  end of t h e  program. The e lectr ical  tests on MTA-1 w e r e  de- 
l e t e d  by t h e  Contract  Change N o t i f i c a t i o n  (CCN). 

Task 4 ,  Panel  Assembly Deployment Model Design, Fabr i ca t ion ,  T e s t ,  and 
Analysis---Much of t h e  a c t i v i t y  i n  t h i s  t a s k  w a s  completed from 1 t o  12  
weeks ahead of schedule .  The track and s l e d  development tests proved 
t h e  adequacy of t h e  o r i g i n a l  des ign  and e l imina ted  t h e  need f o r  t r a c k  
redes ign  and modi f ica t ion .  The accompanying c h a r t  shows t h e  event  de- 
v i a t i o n s  from t h e  o r i g i n a l  schedule ,  

Task 5 ,  GSE and Facil i t ies---Most of t h e s e  events  a l s o  w e r e  f i n i s h e d  
ahead of schedule .  

Task 6 ,  Documentation---All documentation and r e p o r t s  were de l ivered  
as scheduled. 

Tasks 7 and 8 w e r e  i n i t i a t e d  by a Contract  Change Notice.  This  change 
rep laced  t h e  l i v e  s o l a r  cel ls  on MTA-1 wi th  dummy cells and d e l e t e d  t h e  
power degrada t ion  tests on MTA-1. An a d d i t i o n a l  test program on t h e  
SCS-43, a 4-foot-square test  pane l  b u i l t  i n  Phase 11, w a s  run  t o  ob- 
t a i n  v i b r a t i o n  c h a r a c t e r i s t i c s  of t h e  bery l l ium subpanel model i n  a i r  
and vacuum f o r  pinned and clamped suppor t  condi t ions .  
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Figure 2-16: LASA PHASE I I  COST PERFORMANCE 

2.9 MATERIEL SUMMARY 

Program hardware, components, assemblies ,  and s e r v i c e s  w e r e  procured 
wi th in  t h e  budget a l l o c a t e d .  The Material budget w a s  approximately 16% 
of t h e  t o t a l  program d o l l a r s .  Cost savings i n  t h e  beryl l ium procurement, 
deployment f i x t u r e  d e t a i l i n g ,  f a b r i c a t i n g  and e r e c t i o n ,  and o the r  ou t s ide  
product ion o rde r s  allowed procurement of a d d i t i o n a l  requirements without 
i nc rease  t o  t h e  program budget. 
t u r e s  by hardware elements is  shown i n  Figure 2-18. 

A breakdown of t o t a l  Materiel expendi- 

A l l  procurements except  r a w  material and s tandards  w e r e  made by a LASA 
program Materiel r ep resen ta t ive .  Procurement of r a w  material and 
s tandards  w a s  monitored by t h e  Materiel r e p r e s e n t a t i v e  t o  ensure proper 
schedule  and cost feedback t o  program management. 

12% I 

Control  of inventory w a s  accomplished by c l o s e  coord ina t ion  wi th  Material 
Control ,  T r a f f i c  and S to res  personnel .  Representat ion i n  o the r  areas 
such as change board,  make-or-buy and program reviews w a s  provided. 
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2.10 PROGRAM CONCLUSIONS AND RECOMMENDATIONS 

Major conclusions are b r i e f l y  summarized i n  t h i s  s e c t i o n .  More d e t a i l e d  
recommendations are c o l l a t e d  i n  Sec t ion  9.0 of t h i s  document. 

It is  concluded t h a t :  

The technology advancements made i n  Phase I1 provide t h e  necessary 
engineer ing information requi red  t o  proceed wi th  t h e  f i n a l  phase 
of t h e  program, wi th  confidence.  

Assuming a dynamic load magni f ica t ion  f a c t o r ,  Q ,  of 15 o r  less 
e x i s t s  i n  t h e  p re sen t  des ign ,  t h e  goa l  of 20 w a t t s  p e r  pound can 
be  achieved. Tes t ing  of Major T e s t  Ar t ic le  No. 1 i n  Phase I1 
i n d i c a t e s  t h a t  a Q of 15 i s  achievable .  However, MTA-4 v i b r a t i o n  
t e s t i n g  of a f u l l  s imulated s o l a r  a r r a y ,  as proposed f o r  Phase 111, 
is requi red  t o  v e r i f y  t h e  LASA a r r a y ,  Q. 

Analysis  and component l e v e l  t e s t i n g  show t h a t  t h e  design i s  satis- 
f a c t o r y ,  meeting o r  b e t t e r i n g  t h e  requirements of t h e  Large Area 
Solar  Array s p e c i f i c a t i o n .  The r e s u l t s  of t h e  Phase 111 system 
and environmental  tests remain t o  be completed t o  v e r i f y  t h e  pro- 
gram requirements.  

The experimental  f a b r i c a t i o n  of MTA-1 has  shown t h a t  t h e  technology 
f o r  manufacturing a bonded beryl l ium and t i t an ium frame i s  avail- 
ab le .  Based on Phase I1 problems experienced,  Phase 111 w i l l  imple- 
ment improved process  r e l i a b i l i t y  i n  f i n a l  s t r u c t u r a l  bonds. 

Mechanism development has made s a t i s f a c t o r y  progress ;  however, 
beryl l ium subpanel deployment r igg ing  procedures and system opera- 
t i o n s  f o r  t h e  boos t  tiedown and release must be  v e r i f i e d  i n  Phase 
111. 

Deployment tests iden . t i f ied  t h e  f a u l t s  i n  t h e  a r r a y  deployment 
mechanisms and the  f i x t u r e  and e s t a b l i s h e d  t h e  cri teria f o r  solu-  
t i o n s .  
ope ra t iona l  procedures are accep tab le  f o r  Phase I11 t e s t i n g  wi th  
some minor modi f ica t ions .  

The deployment f i x t u r e ,  a s soc ia t ed  handling equipment, and 

Analysis  of t h e  s t r u c t u r e ,  under dynamic boost  condi t ions ,  w a s  
i t e r a t e d  and r e s u l t e d  i n  a b e t t e r  balanced d e t a i l  design.  

More complete understanding of several test and a n a l y t i c a l  problems, 
t o  be  reso lved  i n  Phase 111, has been accomplished by t h e  Phase I1 
test and a n a l y s i s  programs. 
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Motor Cable Drum Beryllium Procurement 

um Process ing ,  
l l i n g ,  Blanking, 

Consis t ing  o f :  
Simulated C e l l s  
Rotary Dampers 
Track Sec t ion  Material 10.6% 
Electric Blankets  
S i l i c o n e  Rubber 
Crush Grinding 

T o t a l  36.5% 

Figure 2-1 8: MATERIEL PROCUREMENT 
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V e r i f i c a t i o n  of t h e  technology developed i n  Phases I and I1 remains t o  
be  akcomplished. Therefore ,  i t  is recommended t h a t  f a b r i c a t i o n  of t h e  
Major T e s t  Ar t ic le  r equ i r ed  i n  Phase I11 proceed and t h a t  t h e  tests re- 
qui red  t o  m e e t  t h e  Phase I11 v e r i f i c a t i o n  ob jec t ives  be  conducted. 
S p e c i f i c  recommendations inc lude :  

1) T e s t  and a n a l y s i s  p l ans  and procedures be developed i n  d e t a i l  e a r l y  
i n  Phase I11 t o  ensure  compa t ib i l i t y  wi th  s p e c i f i c a t i o n  requi re -  
ments; 

2) Tiedown and release system mechanism r igg ing  and t e s t i n g  be  developed 
e a r l y  i n  Phase I11 t o  ensure  e a r l y  i d e n t i f i c a t i o n  and s o l u t i o n  of 
p o s s i b l e  problems ; 

3 )  Vibra t ion  s imula tors  and test f i x t u r e s  be developed e a r l y  i n  Phase 
111 t o  provide s u f f i c i e n t  schedule  f o r  necessary s imula tor  modifi-  
ca t ions .  

2-46 
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3.0 SMALL COMPONENT MECHANISMS TESTING 

Nearly a l l  phases o'f t h e  mission expected f o r  t h e  a r r a y  des ign  can  be 
dup l i ca t ed  i n  man-made environments using f u l l - s c a l e  p ro to type  hardware. 
The except ion  i s  t h e  deployment sequence. Small Component Tests 1 and 2 
(SCM-1 and SCM-2) were designed t o  provide  tests f o r  p ro to type  panel  de- 
ployment mechanisms and d r i v e ,  w i t h i n  t h e  l i m i t e d  space  of e x i s t i n g  vacuum 
chambers and wi thout  t h e  need f o r  s imula t ing  zero-g support .  
o b j e c t i v e  of t h e  small component tests w a s  t o  provide  des ign  development 
d a t a  f o r  mechanism components. 
material and process  s e l e c t i o n  us ing  suppor t ing  d a t a  developed f o r  s i m i l a r  
func t ions .  

The primary 

P r i o r  to t e s t i n g ,  the  des ign  w a s  based on 

Small Component Te'sts SCM 30-2 and SCM 30-3 w e r e  developed t o  test  t h e  
boos t  tiedown release elements.  These l a t t e r  tests are p r i n c i p a l l y  develop- 
ment type  tests and d id  n o t  inc lude  thermal-vacuum tests. 
summary of t h e s e  tests. 

F igure  3-1 is a 

$3.1 DEVELOPMENT TESTS OF DEPLOYMENT MECHANISMS 

The small component test program w a s  scheduled f a r  enough i n  advance of t h e  
f u l l - s c a l e  pane l  deployment tests t o  supply opera t ing  c h a r a c t e r i s t i c s  of 
t h e  i n d i v i d u a l  hardware i t e m s  and thus  avoid o p e r a t i o n a l  o r  f i t - u p  problems. 
System tests were scheduled to provide an  e a r l y  test bed of t h e  deployment 
system both a t  Earth-ambient and thermal-vacuum environments. 

Deployment component t e s t i n g  i n  t h e  SCM series r e f e r s  t o  tests of h inge  
assemblies  w i th  and wi thout  s p r i n g  b i a s  and of cable /quadrant  opera t ing  
elements.  These tests s a t i s f i e d  t h e  mechanism des ign  development objec- 
t ives and increased  confidence i n  t h e  des ign  of Phase I11 hardware. Fig- 
u r e  3-2 shows t h e  l o c a t i o n  of t h e  main components t e s t e d  i n  t h e  SCM-1 and 
SCM-2 tests. 

Fu l l - sca l e  pane ls ,  being too  l a r g e  f o r  e x i s t i n g  vacuum equipment, make t h e  
SCM tests p a r t i c u l a r l y  va luab le  f o r  ob ta in ing  vacuum ope ra t ing  information.  
These tests a l s o  confirm t h a t  subassembly and component ope ra t ing  charac- 
teristics are s u i t a b l e  f o r  u se  on f u l l - s c a l e  v e r i f i c a t i o n  and demonstrat ion 
tests planned f o r  Phase 111. 

The test art icles,  test se tup ,  and arrangement are depic ted  i n  F igure  3-3. 
Sizes  of t h e  aluminum panels  were s e l e c t e d  t o  u s e  t h e  medium-sized vacuum 
chamber f o r  space  deployment t e s t i n g .  
main panel  deployment system w e r e  used because of space  l i m i t a t i o n s  and 
t h e  d e c i s i o n  t h a t  t h r e e  pane ls  w i l l  adequately r ep resen t  the mechanisms 
of t h e  t o t a l  deployment. 

Only t h r e e  sample pane ls  of t h e  
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Solar  Array 
Aux i l i a ry  Hinge Assembly 

Figure 3-2 ; SCM DEPLOYMENT COMPONENTS 

Figure 3-3: TEST SETUP, SCM-1 8, -2 
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3.1.1 DESCRIPTION OF SCM-1 AND SCM-2 TEST ARTICLES 

The main panel  SCM-1 test  c o n s i s t s  of t h r e e  foreshor tened  panels  (shown 
under cons t ruc t ion  i n  F igure  3-4), t h e  d r i v e  motor (Figure 3-7) mounted 
t o  t h e  test  f i x t u r e ,  and a s imulated d iagonal  s t r u t  t o  l i m i t  Panel  1 de- 
ployment travel and lock  Panel  l i n  p o s i t i o n .  
hinges and quadrants  complete w i t h  Geneva release as shown i n  F igure  3-2. 
Auxi l ia ry  pane l  release mechanisms w e r e  t e s t e d  i n  t h e  MTA-3 series tests 
r epor t ed  i n  Sec t ion  5.0 r a t h e r  than t h e  small component mechanism test  
series repor t ed  here .  

The panels  were f i t t e d  wi th  

The a u x i l i a r y  pane l  SCM-2 test  c o n s i s t s  of t h r e e  foreshor tened  pane l s ,  
f o u r  hinge sets, d r i v e  s p r i n g s ,  l a t c h e s ,  and dampers. 

Mechanisms shown i n  F igure  3-3 are p ro to type ,  and t h e  h inge  assemblies  are 
cons t ruc ted  t o  mount on p l a t e s  welded on t h e  panel  frame which s imula t e  
pro to type  hardware mounting. 
under cons t ruc t ion .  

F igure  3-6 i s  a pro to type  of t h e  SCM-2 pane ls  

A l l  frames were made of extruded aluminum of t h e  approximate c r o s s  s e c t i o n  
of t h e  pro to type  bery l l ium panels .  Where r equ i r ed ,  f i l l e r s  are added a t  
mounting p o i n t s  on mechanism/panel i n t e r f a c e  t o  ensure proper  mechanical 
func t ion .  

3.1.2 DESCRIPTION OF SCM-1 AND SCM-2 TEST FIXTURES 

The test  f i x t u r e s  f o r  SCM-1 and SCM-2 were combined i n t o  one f i x t u r e  as an 
economy measure t o  reduce t h e  t o t a l  t i m e  t h a t  t h e  vacuum chamber w a s  re- 
qu i r ed ,  The f i x t u r e  w a s  designed t o  suppor t  both test art icles and m a t e  
w i t h  t h e  vacuum-chamber l i d  as shown i n  F igure  3-5. 

The f i x t u r e  and t h e  test  art icles w e r e  mounted on t h e  vacuum-chamber l i d ,  
and a l l  power and in s t rumen ta t ion  l e a d s  were passed through t h e  vacuum 
feedthrough of t h i s  l i d .  Both Earth-ambient and thermal-vacuum tests were 
run  us ing  t h i s  arrangement t o  reduce t h e  connect ion t i m e .  

The motor mount, d iagonal  s t r u t ,  and s p a c e c r a f t  hinge ha lves  w e r e  a l l  p a r t  
of t h e  SCM-1 test f i x t u r i n g .  Material used w a s  aluminum, and cons t ruc t ion  
w a s  completed us ing  weld i  y pane l  release f i x -  
t u r e  f o r  SC so lenoids .  No 
a t tempt  w a s  made t o  d u p l i c a t e  pro to type  release f o r  t h i s  test .  Flat-wire- 
mesh r a d i a n t - s t r i p  h e a t e r s ,  r a t e d  a t  1,200 w a t t s ,  were i n s t a l l e d  t o  supply 
h e a t  i f  requi red  t o  t h e  a u x i l i a r y  pane l  dampers and t o  t h e  motor. Tempera- 
t u r e  senso r s  were mounted a t  s t r a t e g i c  l o c a t i o n s  t o  supply a complete ther -  
m a l  h i s  t o ry .  
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Gravi ty  f o r c e s  a r e  t h e  most predominant hazard t o  t h e  deployment tests. 
Panels  f o r  t h e  SCM tests were mounted v e r t i c a l  w i t h  t h e  hinge centerlin, ,  
plumb t o  reduce g r a v i t y  e f f e c t s  t o  a minimum. The use  of s h o r t  panels  
e l imina tes  t h e  need f o r  a u x i l i a r y  supports  f o r  t h e  pane l  weight ,  a l though 
a d d i t i o n a l  f i x t u r i n g  was requi red  t o  prevent  s m a l l  d e f l e c t i o n s  from dis -  
t o r t i n g  test r e s u l t s .  

I n d i c a t o r s  were suppl ied t o  v i s u a l l y  gage panel  opening p o s i t i o n  a g a i n s t  
t i m e  whi le  viewed through s m a l l  vacuum-chamber p o r t h o l e s .  

3.1.3 OUTSIDE PROCUREMENT AND PRODUCTION 

The motor/cable  drum d r i v e  assembly w a s  purchased from t h e  Harmonic Drive 
Div is ion  of t h e  United Shoe Machinery Company t o  a des ign  prepared i n  re- 
sponse t o  a Boeing procurement s p e c i f i c a t i o n  developed i n  Phase I of t h e  
program. The assembly is  unique i n  t h a t  t h e  d r i v e  motor and t h r e e  s t a g e s  
of speed reduct ion  are  a l l  housed w i t h i n  t h e  c a b l e  drum i t s e l f .  F igure  
3-8 shows a n  o u t l i n e  drawing and cutaway of t h e  a r r a y  deployment d r i v e .  

The v iscous  r o t a r y  damper assembly is  a development of Sesco Manufacturing 
Company and i s  e s s e n t i a l l y  an  off-the-shelf  i t e m .  The b a s i c  des ign  w a s  
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modif ied,  however, t o  supply 190 degrees  of r o t a t i o n a l  travel and t o  pro- 
v i d e  a long s h a f t .  
t i o n  of t h e  damper. 

F igure  3-9 shows an o u t l i n e  drawing and cutaway sec- 

The dampers are f i l l e d  wi th  1,000-cent is toke s i l i c o n e  f l u i d  and are 
ve loc i ty -  and temperature-sensi t ive.  
pound/radian/second a t  160°F throughout t h e  deployment travel. 

The damper is  r a t e d  a t  6.25 inch- 

Torsion sp r ings  used throughout t h e  test  program were spec ia l ly’made  t o  
Boeing d e t a i l  des ign  drawings by t h e  Renton C o i l  Spring Company. 
s i o n  s p r i n g s  w e r e  made of Inconel  w i r e .  Neg’ator s p r i n g s  used as a cab le  
guard on a l l  quadrants  were made by Hunter Spring Company t o  modified re- 
quirements of t h e i r  s tandard  s t o c k  sp r ings .  

A l l  to r -  

3.1.4 QUALITY ASSURANCE 

Sdecited act iv , i , t i~n  pmvided adequate conttrol 06 Task 2 6abnica;tiun 
UperrakiUM 

Only those  c o n t r o l s  r equ i r ed  t o  ensure t h e  q u a l i t y  of s e l e c t e d  p a r t s  were 
implemented i n  Task 2. This  included rece iv ing  in spec t ion  and test  of 
s e l e c t e d  procured i t e m s .  
j e c t e d  because of improper processing by t h e  s u p p l i e r  which even tua l ly  
caused scrapping of f i v e  s m a l l  p a r t s .  Shipping damage t o  t h e  tiedown cab le  
anchor assembly a l s o  w a s  d i sc losed  during r ece iv ing  in spec t ion .  

I n  one i n s t a n c e  some dry-lubed p a r t s  were re- 

Thermistor Locat ion 

C i r c u l a r  Sp l ine  
B a l l  P l ane ta ry  
Wave Generator  

- Hermetical ly  

Second-Stage Wave G 
F i r s t -S tage  C i r c u l a r  Sp l ine  

Figure 3-8: ARRAY DEPLOYMENT D R I V E  
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fol lowing p a r t s  
-ements : Geneva 
i n s t a l l a t i o n  of 

and ope ra t ions  w e r e  inspec ted  t o  v e r i f y  drawing re- 
release c a m ,  h inge  b racke t s ,  mechanical test  f i t t i n g s ,  
t h e  boos t  tiedown mechanism and se t  up of SCM-30 test 

f i x t u r e  assembly d e t a i l s .  

3.1.5 CONDUCT OF SCM-1 AND SCM-2 TESTS 

S,imuRa;ted deplugmenk a%a2 undm Rabahakoltg canditiam dmom&utAe bvfh 
ambient aad khmd-vacuum pm@mance. 

The SCM-1 main panel  deployment d r i v e  c o n s i s t s  of a motor/cable  drum winch- 
ing  i n  a c a b l e  using quadrant  segments t o  develop a h inge  moment. Deploy- 
ment dynamics are d i r e c t l y  a f f e c t e d  by t h e  e f f e c t i v e  s p r i n g  ra te  of t h e  
cable .  The f i r s t  deployment of a pro to type  panel  involves  a panel  s t a c k  
wi th  a mass moment of i n e r t i a  of 803 s lug- fee t  squared and a very  s h o r t  
c a b l e  a c t i n g  as a sp r ing .  A s  deployment moves outboard,  t h e  mass moment 
of i n e r t i a  reduces t o  93 s lug - fee t  squared f o r  Subpanels 5, 5 A ,  and 5B, 
and t h e  longer  cab le  w i l l  have an  e f f e c t i v e  sp r ing  ra te  of minimum value .  
Spring rate measurements w e r e  de fe r r ed  t o  t h e  MTA-3 test  t o  t a k e  advantage 
of a f u l l - l e n g t h  cab le .  

The SCM-1 test a r t ic le  w a s  i n s t a l l e d  on t h e  ver t ical  p o s t  of t h e  t e s t  f i x -  
t u r e  as shown i n  F igure  3-3. A shake test  was conducted on t h e  test 
ar t ic les  i n  t h e  deployed p o s i t i o n  t o  v e r i f y  t h a t  t h e  ovescenter  l a t c h e s  
would remain la tched .  

Hinge f r i c t i o n  loads  were then  measured f o r  each 45 degrees  of deployment 
angle  of Subpanels 1, 2, and 3. Subpanels 2 and 3 w e r e  then  d e f l e c t e d  0.10 
inch  a t  t h e i r  midpoint as measured between t h e  upper and lower outboard 
spa r s .  Hinge f r i c t i o n  loads w e r e  aga in  measured. 

The deployment cab le  w a s  i n s t a l l e d  i n  t h e  t es t  a r t ic le  and t o t a l  system 
f r i c t i o n  on t h e  c a b l e  w a s  measured wi th  60-pound f o r c e  app l i ed  t o  t h e  
motor end. Cable s l i p  f o r c e  measurements a lso were taken as a f u n c t i o n  
of c o n t a c t  angle  f o r  one cab le  quadrant .  

The cab le  w a s  then  a t t ached  t o  t h e  motor and t h e  test a r t ic le  w a s  manually 
stowed. The motor w a s  a c t i v a t e d  and complete deployment w a s  ob ta ined .  
The deployment ang le  of each subpanel w a s  measured as a func t ion  of t i m e .  
The test a r t ic le  w a s  then  restowed f o r  vacuum-deployment tests. 

The SCM-2 a u x i l i a r y  subpanel deployment d r i v e  c o n s i s t s  of a dua l - tors ion  
sp r ing  system and uses  a v i scous  r o t a r y  damper t o  c o n t r o l  t h e  deployment 
speed. F igu re  3-10 shows t h e  deployment elements be fo re  deployment and 
Figure  3-11 shows t h e  deployment elements af ter  t h e  pane ls  are opened 
and locked. 

Three d i f f e r e n t  tests were conducted on t h e  SCM-2 test ar t ic le  as p a r t  of 
t h e  SCM-2 test  package. 
on t h e  test f i x t u r e ,  a two-part engineer ing shake test  w a s  conducted. 
Then s t a t i c  f r i c t i o n  measurements were made on each a u x i l i a r y  subpanel a t  

Af t e r  t h e  test ar t ic le  w a s  assembled and i n s t a l l e d  
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Figure  3-11: 

3-11 



D 2-1 I3 355- 7 

various angular posi t ions .  These f r i c t i o n  measurements were made f o r  both 
undef lec ted  and d e f l e c t  el3 v a l l y ,  the  rest ar t ic le  was stowed 
and allowed t o  deploy under i ts  own power. 
pared f o r  thermal-vacuum t e s t i n g .  

The test s e t u p  was then pre- 

The combined t e s t  of SCM-1 and SCM-2 was arranged ZQ use  a comon vacuum 
chamber, test fixture, and time period. 

The SCM-1 main subpanels and SCM-2 auxiliary subpanels test articles were 
mounted on the test fixture as shown in Figure 3-3. A temperatzure control 
sysrem was i n s t a l l e d  for  thermal-vacuum tests. F l a t  r e s i s t a n c e  heater 
b l a n k e t s  were l oca t ed  above each rotary damper f o r  the SCH-2 test and 
around t h e  deployment motor drum for  the SCM-1 test. Neater power was 
s u p p l i e d  on demand by variable a.c. power suppl i e s .  The purpose of the 
h e a t e r s  was t o  main ta in  t h e  c r i t i c a l  test parrs a t  ope ra t ing  cemperature 
while radiating to -320°F l i qu id -n i t rogen  cold w a l l s .  
i n s t a l l e d  and strip h e a t e r s  were connected to t h e  power supplies .  

Thermocouples were 

The entire test setup was b o l t e d  ta the base lid of the vacuum chamber and 
a pretest deployment of both t e s t  ar t ic les  was accomplished in the vacuum 
chamber a t  Earth-ambient temperature  and pressure. Deployment times were 
measured as a function of angle for both t e s t  articles.  

The lid w a s  lowered and the test articles were manually restowed. 
articles were again inserted in t h e  vacum chamber, rhe l i d  was  bolted t o  
t he  chamber, and vacuum pumping was initiated. The chamber walls were 
cooled t o  a temperature  of -320'F. 
Figure 3-12, 

The tes t  

%e pumping t ime-history i s  shown i n  

The SCM-2 deployment test w a s  conducted firfit. 
only dur ing  the last: 45 degrees  of deployment in order t o  speed deployment 
tine. The SCM-2 deployment test: was then conducted, The motor h e a t e r  was 
not used. 
t e s t  a r t i c l e s .  

A posttest deployment i n  air d u p l i c a t i n g  the pretest run was conducted t o  
determfne degrada t ion  of the systems due to the thermal-vacuum environment. 

3.1 .6  RESULTS AM) ANALYSIS OF TESTS 

The dampers w e r e  heated 

Deployment times were measured as a funcrion of angle f o r  both 

F ~ d u n ,  ca6Re bfippxge, kes-baknce. 20 v ~ b d u n ,  and apacrXto~. Lttene buc- 
cans~Lteetj XakQd and e u w e d  du&.Lng 

1) Shake Tests, SCH-l---The fgrst t e s t s  to be conducted w e r e  the shak 
tests  wherein the test  hardware w a s  mounted in t h e  test fixture, the 
latch drive springs were removed, t h e  panels were manually l a t ched  
and the assemblies we9e individually subjec ted  to  a manual engineer- 
ing shake test. 
was repeated. I n  both test sequences, t h e  latches remained locked. 

SCM-I a d  SCIM-2 ~C!ALM A e n - t ~ ,  

Next the sprfngs were reinstalled and the shake t e s t  
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LN2 t o  Shrouds 
After 305 Min 
Pres .2*10-4 

Gas Burst 
Cause Unknown 

End SCM-1 

End of  SCM-2 
Dep 1 oymen t 

T i m e  (minutes) 

Figure 3-12: VACUUM TIME-HISTORY IN VACUUM 
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Cable S l ippage  T e s t ,  SCM-1---The cab le  s l i p p a g e  test se tup  is  shown i n  
F igure  3-13. 
Monel 7 by 7 s t r and .  Spring scales, as shown, w e r e  a t t ached  t o  each 
end. The outboard end w a s  t i e d  down whi l e  t h e  inboard o r  s p a c e c r a f t  
end w a s  pu l led .  When t h e  outboard s p r i n g  scale ind ica t ed  a change 
from zero t ens ion ,  t h e  t ens ion  i n  t h e  o t h e r  scale w a s  recorded.  Any 
i n d i c a t i o n  of t ens ion  i n  t h e  outboard scale meant s l i p p a g e  i n  t h e  
cable .  The test d a t a  p l o t t e d  i n  F igu re  3-14 i n d i c a t e s  t h e  "pul l"  
va lues  a t  which s l ippage  between t h e  cab le  and quadrant  occurred.  

The c a b l e  used w a s  a 78-inch l eng th  of 1/16-diameter 

3) T o t a l  System F r i c t i o n  T e s t ,  SCM-1---The test  s e t u p  used f o r  measuring 
t o t a l  cable-to-quadrant system f r i c t i o n  is  shown i n  F igure  3-15. The 
same cab le  w a s  used f o r  t h i s  test as f o r  t h e  c a b l e  s l i p p a g e  test. 
Spring scales were aga in  a t tached  t o  both  ends. The outboard end w a s  
anchored as shown whi l e  t h e  o t h e r  end was pu l l ed  toward t h e  motor wi th  
a scale f o r c e  of 60 pounds. With t h i s  "motor" f o r c e  t h e  scale a t  Sub- 
pane l  3 read  22 pounds, i n d i c a t i n g  a cable-to-quadrant f r i c t i o n  equiva- 
l e n t  t o  38 pounds of "pul l"  f o r  two quadrants .  This  t e s t  w a s  t o  
determine t h e  c o e f f i c i e n t  of f r i c t i o n  between t h e  quadrant  s u r f a c e  
and Monel cable .  The con tac t  angle  of t h e  c a b l e  w a s  about 360 degrees .  

4 )  Hinge F r i c t i o n  T e s t ,  SCM-l---A sp r ing  s c a l e  w a s  a t tached  t o  Subpanel 
3 a t  t h e  cen te r  of t h e  outboard edge. S t a t i c  h inge  f r i c t i o n s  w e r e  
then measured f o r  each 45 degrees  of deployment angle .  The test  w a s  
then  repea ted  f o r  Subpanels 1 and 2. 

Subpanel 3 w a s  d e f l e c t e d  0.10 inch  a t  i t s  midpoint as shown i n  F igure  
3-16. S t a t i c  hinge f r i c t i o n s  were aga in  measured. The test w a s  then  
repea ted  on Subpanel 2 and r e s u l t s  are p l o t t e d  i n  F igure  3-17. 

T e s t  r e s u l t s  f o r  Subpanel 3 are n o t  c o n s i s t e n t  w i t h  t h e  r e s u l t s  f o r  
Subpanel 2.  
than  t h e i r  corresponding undef lec ted  f r i c t i o n s .  
d e f l e c t e d  f r i c t i o n  w a s  almost t h r e e  t i m e s  t h e  d e f l e c t e d  f r i c t i o n .  
The l a c k  of p r e c i s e  alignment w a s  t h e  primary cause of h inge  f r i c t i o n  
anomo l ies .  

Two d e f l e c t e d - f r i c t i o n  readings  f o r  Subpanel 3 w e r e  less 
I n  one case t h e  un- 

Closer  t o l e rances  must b e  e s t a b l i s h e d  t o  ensure  p r e c i s e  alignment.  
A r e p e a t  of t h e  d e f l e c t e d  pane l  tes t  on one MTA-3 j o i n t  was accom- 
p l i shed  t o  g e t  a b e t t e r  grasp  of t h e  alignment problem. R e s u l t s  are 
r epor t ed  i n  Sec t ion  5.0.  

5 )  Ambient Deployment T e s t ,  SCM-1---It was ev ident  during t e s t i n g  t h a t  
t h e  a c t u a l  SCM-1 deployment t ime-his tory c l o s e l y  resembled t h e  p l o t  
i n  F igu re  3-18. I n  o t h e r  words, hinge f r i c t i o n s  f o r  a l l  swings w e r e  
s i g n i f i c a n t  enough t o  reduce both  s l a c k  and s t r e t c h e d  c a b l e  regimes 
s o  t h a t  they w e r e  b a r e l y  n o t i c e a b l e  t o  t h e  observers .  A continuous 
t ime-his tory p l o t  of an SCM-1 deployment, had in s t rumen ta t ion  been 
i n s t a l l e d ,  would have shown panel  angular  p o s i t i o n  c l o s e l y  t r ack ing  
motor drum p o s i t i o n  wi th  pe r tu rba t ions  of t h e  kind shown i n  F igure  
3-18. 

Although t h e  system performed predicably ,  deployment t e s t i n g  d i d  re- 
veal some component problems. 
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Figure 3-15: TOTAL SYSTEM FRICTION TEST 
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Figure 3-16: MIDPOINT DEFLECTION ON SUBPANEL NO. 3 
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Figure  3-17: SCM-1 TEST RESULTS---HINGE FRICTION ON SUBPANEL NO. 2 
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Hinge l o c a t i n g  t o l e r a n c e s  r e s u l t e d  i n  misalignment between t h e  t h r e e  
p i n s  i n  t h e  l a t c h  assembly. F r i c t i o n ,  b inding ,  and g r a v i t y  a f f e c t e d  
t h e  l a t c h  movement from i ts  stowed (and d r i l l e d )  p o s i t i o n  t o  t h e  
l a t ched  p o s i t i o n ' a s  exaggerated i n  F igure  3-19. 
w a s  e a s i l y  overcome by t h e  deployment motor system, b u t  t h e  l i g h t -  
du ty  s p r i n g s  were inadequate .  A s  a r e s u l t ,  t h e  s p r i n g s  were pa i r ed  
on SCM-1 t o  double t h e  sp r ing  l a t c h i n g  f o r c e  and t h e  problem w a s  over- 
come. New s p r i n g s  were procured f o r  MTA-3 t o  a l leviate  t h i s  problem. 
Although improved t o l e r a n c e  would negate  t h e  need f o r  s t r o n g e r  s p r i n g s ,  
t h e  change w a s  made t o  improve o v e r a l l  performance, 

The t o t a l  r e s i s t a n c e  

6 )  Hinge F r i c t i o n  T e s t s ,  SCM-2---Following t h e  shake tests, t h e  d r i v e  
and l a t c h  sp r ings  and damper shear  p i n s  were removed. A sp r ing  scale 
w a s  a t tached  t o  s imulated Subpanel 2A a t  t h e  c e n t e r  of t h e  outboard 
edge and the  subpanel  w a s  then  pu l l ed  through a 180-degree arc t o  t h e  
f u l l y  deployed p o s i t i o n .  S t a t i c  f r i c t i o n  w a s  recorded a t  45-degree 
i n t e r v a l s .  The scale w a s  then  a t t ached  t o  Subpanel 2B and t h e  test 
w a s  repea ted .  

A pane l  clamp w a s  a t t ached  t o  Subpanel 2A inducing a 0.10-inch de- 
f l e c t i o n  a t  t h e  cen te r .  A ske tch  of t h e  d e f l e c t e d  panel  is  shown i n  
F igu re  3-20. The f r i c t i o n  t e s t  w a s  repea ted .  Subpanel 2B w a s  then  
clamped and t h e  f r i c t i o n  test was aga in  repea ted .  

F igure  3-21 is  t h e  p l o t t e d  d a t a  f o r  t h e  f r i c t i o n  tests. The magni- 
tude and range of f r i c t i o n  va lues  represented  by t h e  p l o t  are  satis- 
f a c t o r y .  

The zero-degree d e f l e c t e d  breakaway f r i c t i o n  f o r  Subpanel 2A w a s  
l a r g e r  than  o t h e r  readings .  This  w a s  caused by a f i t t i n g  h o l e  being 
e l l i p t i c a l  a f t e r  hardcoat ing.  The minor diameter w a s  0.002 inch  
undersize.  Readings i n  o t h e r  p i n  p o s i t i o n s  were no t  a f f e c t e d  by t h i s  
t o l e r a n c e  problem. 
equal  a t  t h e  90- and 135-degree p o s i t i o n s  of Subpanel 2A; b u t  f o r  
Subpanel 2B, a l l  d e f l e c t e d  f r i c t i o n s  were lower than  undef lec ted  
f r i c t i o n s .  The cons is tency  of t h i s  decrease  i n  f r i c t i o n  f o r  Subpanel 
2B sugges ts  t h a t  t h e  h inge  p ins  w e r e  misal igned and t h a t  t h e  induced 
d e f l e c t i o n  a c t u a l l y  improved t h e  alignment.  

Def lec ted  and undef lec ted  readings  w e r e  almost 

7) Ambient Deployment Tests---After t h e  h inge  f r i c t i o n  tests w e r e  com- 
p l e t e d ,  t h e  d r i v e  s p r i n g s ,  l a t c h  s p r i n g s ,  and damper shear  p i n s  were 
i n s t a l l e d .  The a u x i l i a r y  subpanels were stowed. The so leno id  power 
l eads  t o  t h e  100-volt  a.c. power supply w e r e  connected and deployment 
w a s  i n i t i a t e d .  A f t e r  t h e  subpanels  had f u l l y  deployed, they w e r e  re- 
stowed f o r  thermal-vacuum t e s t i n g .  

It w a s  found t h a t  overhead r e i n f o r c i n g  s t r u c t u r e  w a s  requi red  t o  pre- 
v e n t  g r a v i t y  f o r c e s  from d e f l e c t i n g  t h e  c e n t e r  pane l  as t h e  a u x i l i a r y  
subpanels deployed. During t h e  test, a l l  a u x i l i a r y  s p r i n g s  and dampers 
funct ioned s a t i s f a c t o r i l y .  

The f r i c t i o n  f o r c e s  introduced as a r e s u l t  of pane l  weight were no t  a 
major i t e m  and did n o t  compromise t h e  test r e s u l t s  s i g n i f i c a n t l y .  

3-18 



D2-113355-7 

Pin  2 
I 

Pin  3 
I 

I 
P in  1 

I I I 
Stowed P o s i t i o n  I 

Pin 1 
I Pin  3 Pin  2 

I 

Deployed P o s i t  ion  
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Figure  3-20: DEFLECTED AUXILIARY SUBPANEL---SCM-2 

3-19 



D2- 113355- 7 

n 

@ Subpanel No. 2A 
a Subpanel No. 2B 

40 
Angle (degrees) 
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Without f r i c t i o n ,  t h e  v e l o c i t y  t ime-his tory would have been de ter -  
mined by s p r i n g  torque  d iv ided  by t h e  damper cons tan t .  
deployment wi th  f r i c t i o n ,  t h e  e f f e c t i v e  torque near c l o s i n g  w a s  appre- 
c i a b l y  reduced,, w i t h  a consequent cons iderable  i n c r e a s e  i n  the t i m e  
t o  deploy. 

I n  t h e  a c t u a l  

8) SCM-2 Thermal-Vacuum Deployment---During vacuum deployment of t h e  
SCM-2 test ar t ic le ,  t h e  dampers w e r e  a t  -95 and -llO°F. 
t i m e  w a s  ve ry  slow due t o  th ickening  of t h e  damper o i l .  T e s t  r e s u l t s  
i nd ica t ed  t h a t  a l l  mechanisms, inc luding  t h e  dampers, opera ted  satis- 
f a c t o r i l y .  

Deployment 

F igure  3-22 shows p l o t s  of temperature  versus  t i m e  f o r  dampers on 
Subpanels 2A and 2B.  A l l  damper h e a t e r s  w e r e  a c t i v a t e d  a f t e r  about  
145 minutes of deployment t o  speed deployment. The subpanels would 
very  probably have completed t h e i r  deployment wi thout  u se  of t h e  
h e a t e r s .  I n  any case ,  t he  h e a t e r s  d id  speed t h e  l as t  few degrees  of 
deployment and t h e  subpanels s u c c e s s f u l l y  l a t ched .  To ensure  s u f f i -  
cient h e a t  f o r  t h e  dampers used i n  space,  i t  i s  recommended t h a t  a 
s p e c i a l  thermal  c o n t r o l  coa t ing  be app l i ed  t o  t h e  dampers so  t h a t  
h e a t  may be  absorbed from t h e  Sun, o r  t h a t  an  i n s u l a t i o n  b l anke t  be 
added t o  reduce h e a t  loss .  

Deployment t i m e s  w e r e  recorded f o r  each 45 degrees  of deployment ang le  
us ing  t h e  deployment-position i n d i c a t o r s  l oca t ed  above each h inge l ine .  
Comparative t ime-h i s to r i e s  are p l o t t e d  i n  F igure  3-23. The damper o i l  
w a s  t h i cke r  during t h e  thermal-vacuum deployment because of t h e  low 
temperatures .  A s  a r e s u l t ,  vacuum deployments were much s lower than  
ambient deployments. I n  a f l i g h t  test ,  dampers are exposed t o  t h e  
Sun over 50% of t h e i r  c y l i n d r i c a l  body and w i l l  w a r m  n a t u r a l l y  a f t e r  
t h e  main panels  are deployed. 

9 )  SCM-1 Thermal-Vacuum Deployment---The SCM-1 vacuum deployment w a s  suc- 
c e s s f u l .  One p a i r  of overcenter  l a t c h e s  remained a t  top,  dead c e n t e r ,  
as a r e s u l t  of r e s i d u a l  t ens ion  (which i s  a redundant lock  mechanism) 
i n  t h e  deployment cab le .  Removing c a b l e  t ens ion  al lows t h e  s p r i n g s  t o  
d r i v e  t h e  l a t c h  l i n k s  over cen te r .  
‘resolved t h e  problem on t h e  a r r a y  design.  T e s t  r e s u l t s  and observa- 
t i o n s  i n d i c a t e  t h a t  no new des ign  and/or  ope ra t iona l  problems a r o s e  
as a r e s u l t  of t h e  thermal-vacuum environment. 

A change i n  l a t c h  l i n k  geometry has  

Time-history d a t a  f o r  both ambient and thermal-vacuum SCM-1 deploy- 
ments are recorded i n  Figure  3-24. 
shows t h a t  t h e  thermal-vacuum environment had ve ry  l i t t l e  effect on 
t h e  deployment t ime-his tory.  

A comparison of t h e s e  two runs  

F igure  3-25 is  a p l o t  of motor temperature  v e r s u s  t i m e  recorded dur- 
i ng  the thermal-vacuum deployment. 
t o  t h e  motor drum, they w e r e  n o t  used e i t h e r  b e f o r e  o r  during t h e  
deployment. The motor maintained a s teady  deployment rate dur ing  
t h e  test, which corresponded c l o s e l y  t o  ambient rates (see Figure  

Although s t r i p  h e a t e r s  w e r e  added 

3 - 2 4 ) .  
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3.1.7 CONCLUSIONS 

The r e s u l t s  of t h e  vacuum tests w e r e  s a t i s f a c t o r y .  
t h e  main panels  operated a t  -63°F and a t  a c a b l e  rate above 2 inches /  
minute. Both dampers operated a t  temperatures  of -100°F o r  lower. 
F igure  3-12 provides  a h i s t o r y  of t h e  environment d u r i n  There 
w a s  no evidence of co ld  welding. P res su res  of 6 x 10-18 t o r r  w e r e  
obtained be fo re  tes t ,  and a l l  t e s t i n g  w a s  performed a t  p re s su res  below 
1 x loe8 t o r r .  The a u x i l i a r y  subpanels deployed a t  temperatures  below 
-100°F. The rate of deployment f o r  t h e  a u x i l i a r y  subpanels  w a s  i n i t i a l l y  
45 degrees  i n  9 minutes f o r  Panel  2A and 20 minutes f o r  Panel  2B. The 
f i n a l  deployment rate be fo re  t h e  h e a t e r s  w e r e  turned on w a s  approximately 
3 degrees i n  20 minute f o r  Panel  2A and 15 degrees  i n  20 minutes f o r  
Panel  2B. The las t  35 degrees  of deployment a f t e r  t h e  h e a t e r s  w e r e  
turned on t h e  pane ls  took 18 t o  23 minutes.  A l l  test  o b j e c t i v e s  w e r e  
m e t  sat is  f ac t o r i  l y  . 

The motor deploying 

tests. 

e Ambient SCM-2 T i m e  H i s t o r i e s  (Typica l  a t  t h i s  T ime  Sca le)  
DSubpane l  2A Thermal Vacuum TimeHistory 
0 Subpanel 2B Thermal Vacuum T i m e  His tory  -Damper Heaters 

I Turned O n  
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Figure 3-23: VACUUM TEST TIME-HISTORY ---SCM-2 
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Three s a l i e n t  f a c t s  are apparent :  

1) The main and a u x i l i a r y  subpanel  deployment mechanisms opera ted  
s a t i s f a c t o r i l y  a f t e r  exposure of more than 4 hours  i n  t h e  thermal- 
vacuum e n v i r o m e n t  below -100°F and 1 x t o r r .  

2) There w a s  no evidence of co ld  welding o r  thermal-vacuum degrada t ion  
i n  t h e  test. 

3) The a u x i l i a r y  pane ls  deployed even though t h e  damping r a t i o  was  
s u b s t a n t i a l l y  inc reased  due t o  t h e  co ld  environment. 

Problems wi th  i n d i v i d u a l  hardware i t e m s  w e r e  d i scovered  dur ing  t h e  tests 
and are d i scussed  below. 

Hinge Alignment---The main and a u x i l i a r y  pane l  h inges  w e r e  bo th  sensitive 
t o  h inge  alignment. The a u s t e r e  t o o l i n g  used w a s  inadequate  i n  alignment 
of h inges ,  and both tests requ i r ed  rework of t h e  h inge  b r a c k e t s  t o  o b t a i n  
s a t i s f a c t o r y  al ignment  b e f o r e  t e s t i n g .  B e t t e r  a l ignment  methods, too l -  
i n g ,  and a d d i t i o n a l  i n s t r u c t i o n s  w i l l  be  r equ i r ed  €or f u t u r e  p a r t s .  

I n  t h e  i n i t i a l  s t u d i e s ,  s e l f - a l i g n i n g  bea r ings  w e r e  d i sca rded  i n  favor  
of J o u r n a l  bea r ings  because of weight and t h e  i n a b i l i t y  t o  o b t a i n  con- 
s i s t e n t  f r i c t i o n s  i n  aluminum bea r ings  l i n e d  wi th  g l a s s  c l o t h  and p las -  
t i c .  However, t h e r e  is a c u r r e n t  i n v e s t i g a t i o n  i n t o  a Monel race wi th  
Inconel  b a l l  us ing  dry-f i lm l u b r i c a t i o n  and conFtructed wi th  a 0.001 t o  
0.002 d i a m e t r i c a l  c l ea rance  f o r  p o s s i b l e  i n c l u s i o n  i n t o  t h e  a r r a y  des ign  
t o  alleviate alignment problems. 

Overcenter Latching Interference---The overcenter  l a t c h  links i n t e r f e r e d  
wi th  t h e  l a r g e  b racke t  a t t a c h  b o l t  heads. 
f o r  t h i s  problem: coun te r s ink  t h e  b o l t  head, change t h e  l i n k ,  o r  more 
t h e  l i n k s  t o  t h e  o u t s i d e  of t h e  b racke t .  Moving t h e  l i n k s  on t h e  out- 
s i d e  of t h e  b racke t  w a s  s e l e c t e d  as t h e  most economical and s t r u c t u r a l l y  
s t a b l e  method, .and t h e  l a t c h e s  were changed be fo re  t e s t i n g .  

Three s o l u t i o n s  w e r e  a v a i l a b l e  

Overcenter Latching Springs---The s p r i n g s  used t o  h o l d  the main subpanel  
l a t c h i n g  l inks on o r  beyond dead center w e r e  n o t  s t r o n g  enough to over- 
come t h e  r e l a t i v e l y  h igh  f r i c t i o n  fo rces .  This  gave t h e  appearance, i n  
t e s t i n g ,  of t h e  l i n k s  n o t  l a t c h i n g  because they d i d  no t  m o v e  beyond dead 
center. Future  l a t c h i n g  mechanisms w i l l  b e  equipped wi th  s t r o n g e r  s p r i n g s  
t o  provide  more p o s i t i v e  motion i n  l a t c h i n g .  

3.2 DEVELOPMENT OF BOOST TIEDOWN PANEL RELEASE 

The boos t  tiedown c a b l e  release des ign  w a s  based on the concept of releas- 
ing a s p r i n g  under high-tension load  and al lowing it t o  p rope l  i t s e l f  i n  
a pa th  i n  space.  
release. 
w a s  v e r i f i e d  by test. 
devices  t h a t  must release i n s t a n t l y  and completely w a s  a l s o  t e s t e d .  

Its v e l o c i t y  is dependent on t h e  s p r i n g  energy a t  
The s a t i s f a c t o r y  performance of t h i s  des ign  a t  a s i n g l e  s t a t i o n  

The u s e  of o rgan ic  c a b l e  materials and clamping 
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SCM 30-2 and SCM 30-3 t e s t i n g  programs t e s t e d  t h e  boos t  tiedown release 
mechanisms. Se lec t ed  assemblies  of t h e  mechanical release system w e r e  
i n s t a l l e d  on a s imulated s o l a r  pane l  mockup us ing  p ro to type  tiedown 
anchor  and release ' f i t t i n g s .  
loads  and r e l e a s e d  us ing  a n  ordnance c a b l e  c u t t e r  t o  s imula t e  t h e  mech- 
a n i c a l  release t r a i n .  Center-spar cab le  clamp hold ing  and release cap- 
a b i l i t y  w a s  t e s t e d  using t h e  Nomex c a b l e  intended f o r  f l i g h t  and f l i g h t  
pro to type  mechanisms. F igure  3-26 shows t h e  test items and f i x t u r e .  

The system w a s  r igged  t o  s p e c i f i c a t i o n  

3.2.1 DESCRIPTION OF SCM-30 TEST ARTICLES 

The boos t  tiedown loads  are h i g h e s t  a t  S t a t i o n  10.5 f o r  bo th  the circum- 
f e r e n t i a l  and center-spar  tiedowns r e s u l t i n g  i n  S t a t i o n  10.5 hardware 
being s e l e c t e d  f o r  test. The c i r c u m f e r e n t i a l  elements (SCM 30-2) con- 
sist of a c a b l e  assembly wi th  s p e c i a l  end f i t t i n g s  t h a t  mate w i t h  a n  
anchor hook a t  each end. A turnbuckle  is suppl ied  t o  provide  t h e  r igg ing  
adjustment .  
l a t i n g  t h e  p ro to type  release t r a i n .  An ordnance-actuated c a b l e  c u t t e r  
(designed f o r  u s e  on t h e  S t a t i o n  123.7 center s p a r )  w a s  used t o  release 
each end of t h e  tiedown cab le  so that proper  release de lay  c o n t r o l  could 
be  app l i ed ,  by use  of a computer, and t h e  extremes of c a b l e  behavior  
could b e  t e s t e d .  

The anchor assemblies  are h e l d  c losed  by a t a u t  c a b l e  simu- 

F igure  3-27 shows t h e  SCM 30-2 test elements.  

SCM 30-3 w a s  designed t o  e v a l u a t e  t h e  performance of t h e  center-spar  
release clamp t o  g r i p  t h e  Nomex c a b l e  u n t i l  a f t e r  boos t  burnout  and t o  
release t h e  cab le  once the  c i r c u m f e r e n t i a l  cab le s  have e j ec t ed .  Phys ica l  
p r o p e r t i e s  of t h e  Nomex c a b l e  (i.e., breaking s t r e n g t h ,  y i e l d  under 
extended load ,  and sp r ing  rate) i n  t h e  t o r s i o n a l l y  s t a b l e  b r a i d  w e r e  n o t  
a v a i l a b l e .  The test was designed t o  measure t h e s e  p r o p e r t i e s .  

The clamping mechanisms t e s t e d  w a s  S t a t i o n  10.5 pro to type  des ign  and 
t y p i c a l  of t h e  center -spar  boos t  tiedown a t  f i v e  s t a t i o n s .  
of t h e  assembly i s  t o  main ta in  a clamping g r i p  on t h e  through s t a c k  
Nomex organic  c a b l e s  and, o r  release of t h e  c i r c u m f e r e n t i a l  boos t  t ie-  
down cab le ,  release t h e  center-spar  cab le ,  and a l low t h e  s p r i n g  of t h e  
cab le  t o  begin  r e t r a c t i n g  through t h e  f i b e r g l a s s  s u b s t r a t e .  I n  a d d i t i o n  
t o  t h e  mechanism, t h e  c a b l e  w a s  t e s t e d  f o r  s p r i n g  rate, breaking s t r e n g t h ,  
and r e l a x a t i o n  under load .  F igure  3-28 shows t h e  SCM 30-3 tes t  elements.  

The func t ion  

3.2.2 DESIGN OF THE SCM 30-2 TEST FIXTURES 

The e n t i r e  SCM 30-2 test f i x t u r e  w a s  b u i l t  t o  Boeing des ign  and i s  shown 
i n  F igures  3-29 and 3-30. 
aluminum s t r u c t u r a l  shapes.  The f i x t u r e  is approximately 2 by 10 f e e t  

The f i x t u r e  w a s  made of welded and b o l t e d  

3-25 



D2-113355-7 

Center Tiedown 
Release 5 S t a t i o n s  

Tiedown 
S t a  10.5 

Figure 3-26: SCM-30 TIEDOWN AND RELEASE 

and is  mounted above f l o o r  level. 'The s i z e  and shape s imula t e s  t h e  c r o s s  
s e c t i o n  of t h e  stowed a r r a y  a t  S t a t i o n  10.5. There w a s  no a t t empt  t o  
s imula t e  t h e  s tacked  bery l l ium panel  s p r i n g  rate because r e s u l t s  could 
no t  be  v e r i f i e d  by any l o g i c a l m e a n s ,  and a c t u a l  release tests of a 
bery l l ium s t a c k  w i l l  b e  made i n  Phase 111. 

The test c a b l e  and anchor f i t t i n g s  used p ro to type  d e t a i l s  and s t anda rds .  
The p ro to type  center-spar  c a b l e  clamp and release f i t t i n g  w a s  mounted 
and release demonstrated. Center-spar c a b l e  tests are covered as test 
SCM 30-3. 
drop f o r  high-speed photographs used to record  t h e  c a b l e  e j e c t i o n  
c h a r a c t e r i s t i c s .  

A s k i d  board wi th  g r i d  t a p e s  on t h e  s u r f a c e  provides  t h e  back- 

T e s t  equipment used f o r  t h i s  program inc ludes  t h e  fol lowing:  

1) 25827758-101-11 T e s t  F i x t u r e  Assembly; 

2) Grid Marked Skid Board (10 by 1 2  f t ) ;  

3) SDS-910 Computer (Program Con t ro l ) ;  

4 )  Vis ico rde r  and Ordnance Cont ro l  Console (Figure 3-31); 

5) High-speed Camera (Mil l iken)  (F igure  3-32) 
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Figure  3-27: SCM 30-2 TEST ELEMENTS F igure 3-28: SCM 30-3 
TEST ELEMENTS 

3.2.3 CONDUCT OF PAN= TIEDOWN TEST (SCM 30-2) 

The fwt employed h m h e  and h i g g h g  b a h  
bad cable i na taLhXon .  

dup.&de ;the &huf  

I n  prepar ing  t h e  SCM 30-2 test, t h e  c i r c u m f e r e n t i a l  c a b l e  w a s  i n s e r t e d  
i n  t h e  anchor f i t t i n g  and t h e  release t r a i n  threaded through t h e  c a b l e  
c u t t e r s  and pre tens ioned  t o  l i m i t s  e s t a b l i s h e d  i n  t h e  design. The c a b l e  
w a s  l oca t ed  around t h e  a c t u a t o r  arm of t h e  center-spar  clamp and release 
f i t t i n g ,  and r igged  t o  drawing pre load  requirements .  

When a l l  hookups w e r e  made, t h e  ordnance w a s  i n s e r t e d  i n  t h e  c a b l e  c u t t e r s  
and t h e  area c l e a r e d  except  for t h e  test ope ra to r .  
c u t t e r  f i r i n g  w a s  ad jus t ed  t o  0.1 second, t h e  high-speed cameras s t a r t e d ,  
and t h e  test switch c losed .  
each run. 
mounted d i r e c t l y  above t h e  tes t  se tup .  
to red  (squib v o l t a g e )  by a v i s i c o r d e r ,  t h e  f i r i n g  v o l t a g e  de lays  w e r e  
recorded,  and c a b l e  c u t t e r  a c t i o n  w a s  monitored by photographic f l a sh -  
bulbs  ( r e t e s t  on ly ) .  

The time de lay  f o r  

The test requi red  less than  10 seconds f o r  
The r e s u l t a n t  cab le  motion w a s  f i lmed by a high-speed camera 

The ordnance devices  w e r e  moni- 
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Figure 3-29: SCM 30-2 RETEST TEST SETUP 
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Figure 3-31: SCM 30-2 RETEST VISICORDER SETUP 

3-29 



D 2- 113 3 5 5- 7 

3-30 



D2-113355-7 

Cable anchors depend exc lus ive ly  on t h e  sp r ing  ra te  of t h e  c a b l e  and 
panel  s t a c k  f o r  release. 
t i m e s  more than  t h e  pane l ,  bo th  must b e  cons idered ,  

Although t h e  s p r i n g  ra te  of t h e  c a b l e  is many 

Two test series were run  as a r e s u l t  of electrical anomalies i n  t h e  
f i r s t  t h r e e  tests. 

The p r i n c i p a l  d i f f e r e n c e  between t h e  f i r s t  series of tests and t h e  retest 
w a s  t h e  f i r i n g  c i r c u i t r y ,  t h e  camera speed, and t h e  f l a shbu lb  c a b l e  
c u t t e r  monitor. 

The test block diagram is  shown i n  F igu re  3-33. The ordnance f i r i n g  cir- 
c u i t  w a s  designed t o  i n i t i a t e  f i r i n g  of t h e  two ordnance devices  (B-10B4) 
wi th  a nominal 100-mill isecond t i m e  d i f f e r e n t i a l .  

The timing d i f f e r e n t i a l  w a s  accomplished by t h e  SDS-910 computer, which 
c o n t r o l l e d  and f i r e d  a s e p a r a t e  c i r c u i t  t o  each c a b l e  c u t t e r  squib .  The 
c i r c u i t s  w e r e  f u n c t i o n a l l y  checked using f u s e s  t h a t  e l e c t r i c a l l y  simu- 
l a t e d  t h e  a c t u a l  test  c i r c u i t s ,  
p r e t e s t  c i r c u i t r y  checkouts. 

No d i sc repanc ie s  w e r e  noted during t h e  

3.2.4 RESULTS AND ANALYSIS OF TESTS SCM 30-2 

The boaak aXedown n d e a e  mechanism m& a l l  .tu.t ob jec t ives  and pmwided 
wuRuabRe engineaing design in@makion. 

A. 

B. 

C. 

T e s t  Run 1 

The f i r s t  test run  w a s  in tended  t o  inco rpora t e  a 0.1-second de lay  
between t h e  release of t h e  two c a b l e  end f i t t i n g s .  
record  showed t h a t  simultaneous f i r i n g  s i g n a l s  w e r e  imposed on both 
squibs  wi th  no apparent  t i m e  de lay  i n  t h e  cab le  and f i t t i n g  release. 
The high-speed motion p i c t u r e s  showed t h a t  t h e  cab le  e j e c t e d  from 
t h e  test f i x t u r e  i n  an  outward d i r e c t i o n  approximately 20 degrees  
t o  t h e  r i g h t  of c e n t e r ,  wi th  l i t t l e  tendency t o  r o t a t e  about e i t h e r  
end of t h e  cab le .  
s u f f i c i e n t l y  h igh  t o  a l low exac t  eva lua t ion  of t h e  c a b l e  p o s i t i o n ;  
however, t h e  d i r e c t i o n  of t r a v e l  w a s  e s t a b l i s h e d .  

The v i s i c o r d e r  

The frame rate of t h e  motion p i c t u r e  w a s  no t  

T e s t  Run 2 

The second test run  w a s  made wi th  no f i r i n g  c i r c u i t  de lay  t i m e  pro- 
grammed t o  b e t t e r  e v a l u a t e  t h e  test r e s u l t s  from t h e  f i r s t  run. 
The r e s u l t s  of t h e  second run  w e r e  e s s e n t i a l l y  t h e  same as those  
of t h e  f i r s t  run.  It  w a s ,  t h e r e f o r e ,  concluded t h a t  t h e  f i r s t  run 
w a s  made wi th  no t i m e  de lay .  

T e s t  Run 3 

The t h i r d  r u n  w a s  made wi th  a programmed 0.1-second t i m e  de l ay ,  b u t  
some ques t ion  ex is t s  as t o  whether a de lay  d i d  occur.  The photographic  
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D. 

The i n t e r v a l  between each high-speed photograph taken i s  approxi- 
mately 0.0032 second. 
p i c t u r e .  F igure  3-35 is an over lay  of photographs taken dur ing  
Run 1, showing c a b l e  p o s i t i o n s  a t  0.013-second.interva1s.  

Approximate t i m e  a f t e r  f i r i n g  is noted on t h e  

E. T e s t  Evalua t ion  

Both Retest Runs 1 and 2 had marked evidence of a t i m e  de lay .  The 
c a b l e  d i r e c t i o n  followed t h e  a n a l y s i s  p r e d i c t i o n  c l o s e l y  al though 
t h e  turnbuckle  speed w a s  somewhat s lower than  p red ic t ed :  400 inches 
pe r  second as compared t o  an  es t imated  1,000 inches  per  second. The 
release of t h e  c a b l e  ends i n  R e t e s t  Runs 1 and 2 w a s  c l e a n  wi th  no 
evidence of c a b l e  hangup on t h e  delayed end, i n d i c a t i n g  t h a t  cab le s  
w i l l  clear a s p a c e c r a f t  w i th  f o u r  pane l  assemblies  where no more 
than  0.1-second de lay  i s  experienced.  Improved release under even 
more extreme condi t ions  could probably b e  assumed i f  t h e  c a b l e  
anchor f i t t i n g s  w e r e  spring-loaded open. 

F. Evalua t ion  of Photographic  Data 

Color motion p i c t u r e s  of t h e  retest runs were made a t  310 frames 
per  second a g a i n s t  a dul l -b lack  background marked w i t h  w h i t e  6-inch 
g r i d ,  The c a b l e  ends were co lo r  coded as w a s  the a d j u s t i n g  turn- 
buckle .  Behavior of t h e  c a b l e  w a s  observed t o  b e  e s s e n t i a l l y  as 

c t i o n  c a b l e  c u t t e r s  w a s  e a s i l y  
u l b s ,  The 12 th  frame, a f t e r  

r this  r e p o r t  w i t h  

i l l u s t r a t e s  c a b l e  and t 
3-37 is  an  ove t a n  i n t e r v a l  of 0.013 
second f o r  Run 2. 

3.2.5 EXPLOSIVE ACTUATED CABLE CUTTERS 

ed m'b can- 
e inadequate and 
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NO. 1 Figure 

Turnbuckle 
( I n i t i a l  P o s i t i o n )  

Figure 3-35: SEQUENTIAL CABLE POSITIONS---RUN NO. 1 
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F i g u r e  3-36: CABLE POSITION 0.09 SECOND AFTER RELEASE---RUN NO. 2 

F i g u r e  3-37: SEQUENTIAL CABLE POSITIONS---RUN 2 
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An explosive-actuated c a b l e  c u t t e r  a t  S t a t i o n  123.7 w i l l  b e  used f o r  t h e  
f i n a l  tiedown release of each pane l  assembly and w i l l  b e  t e s t e d  on MTA-4. 
The p a r t i c u l a r  c u t t e r  o r i g i n a l l y  proposed f o r  th is  a p p l i c a t i o n  w i l l  no t  
be  used because of s u p p l i e r  d e f i c i e n c i e s  noted i n  Phase I1 t h a t  a l s o  may 
have con t r ibu ted  t o  p o s s i b l e  test anomalies on SCM 30-2. 

The s u p p l i e r  f a i l e d  t o  respond t o  repea ted  r eques t s  f o r  evidence t h a t  t h e  
c u t t e r  would q u a l i f y  as Category B devices  under A i r  Force Eas t e rn  T e s t  
Range Manual (AFETRM) 127-1 s a f e t y  requirements .  When a response w a s  
rece ived ,  i t  w a s  nega t ive  and a l s o  noted t h a t  t h e  devices  used on t h e  
SCM 30-2 tests had a l'no f i r e "  c u r r e n t  r a t i n g  of 0 .2  ampere. Fu r the r  
i n v e s t i g a t i o n  d i sc losed  t h a t  Boeing Qual i ty  Control  had "disapproved" 
t h i s  s u p p l i e r  on another  program. I n  a d d i t i o n ,  enough i n c o n s i s t e n c i e s  
i n  p a r t  d e s c r i p t i o n  and i d e n t i f i c a t i o n  w e r e  noted t o  sugges t  a l a c k  of 
adequate  conf igu ra t ion  c o n t r o l .  

It has ,  t h e r e f o r e ,  been recommended t h a t  t h i s  s u p p l i e r  no t  b e  used f o r  
f l i g h t  art icles;  however, t h e i r  equipment w a s  s u i t a b l e  f o r  test  i n  
Phase 11. 

3.2.6 CONCLUSIONS AND RECOMMENDATIONS (SCM 30-2) 

i s  concluded t h a t :  

The in t e rmed ia t e  tiedown cables  w i l l  j e t t i s o n  from t h e  s p a c e c r a f t  
without  causing a r r a y  damage when both ends of the c a b l e  are 
re l eased  s imultaneously ; 

The in t e rmed ia t e  tiedown cables  w i l l  j e t t i s o n  from t h e  s p a c e c r a f t  
wi thout  causing a r r a y  damage when both ends of t h e  c a b l e  are 
re l eased  wi th  a de lay  of 0 . 1  second between ends; 

F r i c t i o n  va lues  and bear ing  a l lowable  stresses are w i t h i n  accep tab le  
l i m i t s  f o r  the tes t  opera t ing  cond i t ions ,  and dry  lube  coa t ings  per- 
formed as expected; 

The ordnance cab le  c u t t e r s  used w e r e  s a t i s f a c t o r y  as test- equipment. 
However, t h e  s u p p l i e r ' s  conf igura t ion  c o n t r o l  is inadequate  f o r  
f l i g h t  articles. These c u t t e r s  are similar t o  t h e  c u t t e r  t o  b e  
used on t h e  a r r a y  a t  t h e  S t a t i o n  123.7 c e n t e r  t ie .  

It i s  recommended t h a t :  

1) !The boos t  tiedown c a b l e  system b e  r igged  w i t h  t h e  turnbuckles  on 
t h e  e a r l y  s i d e  of t h e  release t ra in;  
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Test 
Fixture 

Pull Nomex 
Cable i n  
Universal Test 

Fixture 

P u l l  Test i n  
Universal Test Mechanism 

Mechanism 

t .  

Center-Tie 
Clamp Assembly 

Torque Jaw Clamp 
Screw with Tension 
on Nomex Cable 

Figure 3-38: SCM 30-3 TEST SETUP 

2) The boos t  tiedown c a b l e  system be  r ev i sed  t o  inc lude  release s p r i n g s  
i n s t a l l e d  on t h e  cab le  anchors;  

3 )  A test be  run  t o  a s c e r t a i n  i f  hard-coat  anodizing can be  d e l e t e d  
from t h e  boos t  nedown p i v o t  p o i n t s ,  

3.2.7 DESIGN OF THE SCM 30-3 TEST HARDWARE 

The f i x t u r e s  f o r  t h e  SCM 30-3 test w e r e  designed to s imula t e  t h e  center -  
spa r  boos t  tiedown c o n f i g u r a t i o n  and t o  m a t e  w i th  t h e  u n i v e r s a l  t e n s i o n  
test machine. Simulat ion of t h e  13 l a y e r s  of s u b s t r a t e  w a s  no t  planned 
because i t  w i l l  be  t e s t e d  during Phase 111. 

S p e c i a l  t o o l s  r equ i r ed  t o  a d j u s t  and set t h e  clamps w e r e  t e s t e d  t o  con- 
f i rm  adequate  suppor t  of t h e  system. 
f o r  t h e  t h r e e  test cond i t ions .  

F igu re  3-38 shows t h e  test f i x t u r e s  

T e s t  equipment used f o r  t h i s  program inc ludes  t h e  fol lowing.  
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Clamp Mechanisms T e s t s  

Universa l  t e n s i l e  test machine of 5,000-pound c a p a c i t y  

Baldwin-Tate-Emery t e s t i n g  machine (5-kip cap.) (Runs 22 
through 25) 

11-0418207-2 c a b l e  guide  p u l l e y  (1.45-in. diameter)  w i t h  3/16-in.- 
diameter  p i n  h o l e  added f o r  Runs 10 through 28 

11-0418207-1 c a b l e  t e n s i o n  g r i p  (wedge type) 

Torque wrench (0- t o  160-lb range) 

Holding c l i p  and release lanyard  

PDI-M de f l ec tomete r  

X-Y p l o t t e r  ( load ve r sus  d e f l e c t i o n )  

S t r i p  c h a r t  r eco rde r  (load and d e f l e c t i o n  ve r sus  time) 

F r i c t i o n  C o e f f i c i e n t  T e s t s  

1) Tin ius  Olsen 20,000-pound t e n s i l  test machine 

2) S p e c i a l  h y d r a u l i c  r a m  test f i x t u r e  

3) X-Y p l o t t e r  ( load ve r sus  d e f l e c t i o n )  

The test  art icle f o r  SCM 30-3 w a s  b u i l t  t o  Boeing Drawing 25827701 f o r  
t h e  f i r s t  series of tests and then  modified pe r  Drawing 29A18552 f o r  t h e  
retest series. F igure  3-39 is  t h e  o l d  clamp conf igu ra t ion  and Figure  
3-40 is t h e  new clamp conf igu ra t ion .  Inco rpora t ion  of t h e  wedge p r i n c i -  
p l e  i n  t h e  new'design w a s  based on t h e  premise t h a t  t h e  o r i g i n a l  config-  
u r a t i o n ,  having a f i x e d  j a w  displacement  a f t e r  i n i t i a l  clamping, l o s t  
i ts  g r i p  on t h e  c a b l e  as t h e  c a b l e ' s  c r o s s  s e c t i o n  reduced under h igh  
t e n s i l e  loading. Wedges, f r e e  t o  d i s p l a c e  i n  t h e  d i r e c t i o n  of t h e  
app l i ed  t e n s i l e  load,  would tend t o  cont inue  c l o s i n g  on t h e  c a b l e ,  thus 
main ta in ing  t h e i r  clamping g r i p .  

The des ign  of t h e  wedge i n s e r t s  w a s  based on t h e  wedge formula: 

P = 24 t a n  (a + 4)  

where P = f o r c e  t o  d r i v e  wedge 
Q = r e s i s t a n c e  t o  movement (normal f o r c e s )  
a = wedge ang le  

t a n  + = 1.1 = f r i c t i o n  c o e f f i c i e n t  
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F i  g u r e  3-39: CENTER SPAR CLAMP ASSEMBLY---SCM 30-3 TEST 

- -  ___ 

ART1 CLE 

.ing 

F i g u r e  3-40: MODIFIED CABLE GRIP MECHANISM 
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3.2.8 CONDUCT OF CENTER-TIE RELEASE TEST (SCM 30-3) 

T e s t  of C l a m D  Mechanism 

T e s t  procedures  c o n s i s t e d  of c u t t i n g  t h e  Nomex c a b l e  t o  l eng th ,  clamping 
t h e  f r e e  ends w i t h  t h e  c a b l e  t e n s i o n  g r i p ,  i n s t a l l i n g  assembly i n  t h e  
t e n s i l e  test machine us ing  t h e  c a b l e  guide  p u l l e y  g r i p ,  applying 1,090 
pounds pre load ,  i n s t a l l i n g  t h e  clamp assembly approximately 12 inches  
above t h e  p u l l e y ,  i n s t a l l i n g  t h e  s a f e t y  c l i p  wi th  t h e  release lanyard ,  
and torquing  t h e  clamp torque  screw t o  a predetermined value. Pre load  
w a s  t hen  reduced t o  zero,  t h e  assembly w a s  removed from t h e  machine, and 
t h e  c a b l e  ends w e r e  c u t  o f f  f l u s h  wi th  t h e  tops  of t h e  wedge i n s e r t s .  
The clamp assembly, w i th  cab le ,  w a s  then  i n s t a l l e d  d i r e c t l y  i n  t h e  test 
machine, and t e n s i l e  load  w a s  app l i ed  u n t i l  c a b l e  s l i p p a g e  o r  breakage 
occurred.  Load ve r sus  d e f l e c t i o n  w a s  recorded by a n  X-Y p l o t t e r  and 
s t r i p - c h a r t  r eco rde r .  

T e s t s  w e r e  run  i n  t h r e e  series. 
smooth g r i p  wedge sets, no c a b l e  i n s e r t s ,  and wi th  clamp s c r e w  torques  
t o  50, 76, and 100 inch-pounds. The second series w a s  made us ing  t h e  
same wedge sets and test cond i t ions  as t h e  f i r s t  series. The d i f f e r e n c e  
w a s  t h a t  t h e  pu l l ey  w a s  f i x e d  t o  prevent  r o t a t i o n  and polyure thane  i n s e r t s  
used f o r  some of t h e  test sequences. A des ign  de f i c i ency  w a s  discovered 
wherein t h e  clamp j a w s  t h a t  house t h e  t a p e r  wedges d e f l e c t e d  under t h e  
wedge loads.  
t o  reduce d e f l e c t i o n s ,  b u t  i t  w a s  decided t o  use  machin is t  C-clamps on 
each end and complete t h e  wedge eva lua t ion  test. 
and f i n a l  series w a s  completed us ing  only  t h e  smooth-grip wedge sets with- 
ou t  polyurethane c a b l e  i n s e r t s .  Because of t h i s  lack of s t r u c t u r a l  s t i f f -  
nes s ,  p a r a l l e l . c l a m p s  w e r e  app l i ed  t o  both  ends of t h e  clamp b a r s  i n  
l i n e  wi th  t h e  wedge sets, a f t e r  t h e  i n i t i a l  p re loading  ope ra t ions ,  as 
shown i n  F igu re  3-41. 
being obta ined  on clamping f o r c e .  

The f i r s t  series w a s  made using t h e  

The obvious s o l u t i o n  would be  t o  r e b u i l d  t h e  p a r t s  designed 

Accordingly,  t h e  t h i r d  

These clamps w e r e  i n s t a l l e d  by hand, w i th  no d a t a  

The f i r s t  v a l i d  run  i n  t h i s  series, Run 23, produced a tensile load  of 
1,140 pounds, w i th  one wedge set bottomed, and t h e  o t h e r  near t h e  end of 
i ts s t r o k e .  
Run 24 produced a t e n s i l e  load  of 1,400 pounds b e f o r e  a wedge set bottomed 
and r e l e a s e d  i t s  c a b l e  end. 
clamp p r e s s u r e  f o r  Run 25 and t e n s i l e  loading  w a s  app l i ed  u n t i l  one c a b l e  
end broke a t  1,705-pound loading .  This  v a l u e  a c t u a l l y  corresponds t o  
approximately 852 pounds per  cab le ,  ignor ing  any p o s s i b l e  d i f f e r e n t i a l  
i n  c a b l e  t ens ions  between t h e  two s i d e s  r e s u l t i n g  from f i x i n g  t h e  c a b l e  
guide  pu l l ey .  

Increased  clamping p r e s s u r e  wi th  t h e  p a r a l l e l  clamps f o r  

A f u r t h e r  i n c r e a s e  w a s  made i n  t h e  p a r a l l e l  

Run 25 exceeded t h e  r equ i r ed  S t a t i o n  10.5 pre load  v a l u e  d e s p i t e  t h e  
clamps' s t r u c t u r a l  d e f i c i e n c y  and Runs 26 and 27 w e r e  made t o  evalua.te 
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Figure 3-41 : MODIFIED CLAMP ASSEMBLY TEST SETUP 

t he  clamps' long d u r a t i o n  (7-day) c a b l e  g r i p  c a p a b i l i t y  and release 
c h a r a c t e r i s t i c s ,  as w e l l  as t h e  c a b l e  load r e l a x a t i o n  c h a r a c t e r i s t i c s  
w i t h  one pre load  cyc le .  

3.2 .9  RESULTS AND ANALYSES OF SCM 30-3 TESTS 

A. Development of t h e  t e n s i l e  preload requi red  t o  achieve  t h e  f i n a l  
S t a t i o n  10.5 load of 1,090 pounds 

This  tes t  o b j e c t i v e  w a s  m e t  i n  T e s t  Run 25, when t h e  cable w a s  
broken a t  1,705 pounds without  release, and aga in  i n  Run 27, when 
t h e  planned 1,560-pound preload w a s  appl ied  a t  t h e  beginning o f .  
t h e  7-day test . 
These runs demonstrated t h e  e f f e c t i v e n e s s  of t h e  wedge p r i n c i p l e  
of t h i s  a p p l i c a t i o n  d e s p i t e  t h e  s t r u c t u r a l  de f i c i ency  of t h e  clamp 
ba r s .  
expected clamping loads  as a matter of t i m e  and c o s t  expediency. 

U s e  w a s  made of p a r a l l e l  clamps t o  react t h e  h ighe r  than  

The tests a l s o  ind ica t ed  t h a t  t h e  p r i n c i p a l  reason  f o r  c a b l e  s l i p -  
page during t h e  o r i g i n a l  clamp mechanisms tests w a s  t he  r educ t ion  
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This  test o b j e c t i v e  w a s  m e t  a t  t h e  end 
load a t  t h a t  t i m e  had decayed 120 pou 
10.5 f i n a l  load of 1,090 pounds. N e i  

load tens ion .  

Based on t h e  approximate c a b l e  load r e l a x a t i o n  percentage expe 
during t h i s  run ,  a n  i n i t i a l  preload t ens ion  of 1,760 pounds wou 
have had t o  be appl ied .  This  load could be  developed by a clamp 
mechanism wi th  s t r o n g e r  clamp b a r s ,  bu t  t h e  breaking s t r e n g t h  of 
t h e  5/32-inch Nomex c a b l e  used i n  t h e  tests would have been exceeded. 
The a l t e r n a t i v e  s o l u t i o n s  are t o  i n c r e a s e  c a b l e  s i z e ,  revise t h e  
preloading ope ra t ion  t o  inc lude  several success ive  pre load  cyc le s  
t o  a lower level ,  as w i l l  b e  done i n  t h e  p repa ra t ion  f o r  a launch, 
o r  a combination of both.  

C .  Release of both c a b l e  ends s imultaneously 

The tes t  o b j e c t i v e  w a s  m e t  a t  t h e  end of Run 27 when t h e  lanyard 
release w a s  ac tua t ed .  
t o  500 pounds t o  prec lude  wedge bottoming and c a b l e  s l i p p a g e  when 
t h e  p a r a l l e l  clamps w e r e  removed, t h i s  test w a s  considered v a l i d  
s i n c e ,  as i t  i s  reasonable  t o  assume, c a b l e  release would b e  a t  least 
as e f f e c t i v e  a t  t h e  h igher  r equ i r ed  S t a t i o n  10.5 load  of 1,090 pounds. 

Although t h e  t e n s i l e  load  had t o  b e  reduced 

D.  Nomex c a b l e  load r e l a x a t i o n  c h a r a c t e r i s t i c s  versus  t i m e  

P l o t s  produced during Run 27 provided d a t a  on c a b l e  load  r e l a x a t i o n  
c h a r a c t e r i s t i c s .  A t  t h e  end of t h e  7-day per iod ,  t h e  i n i t i a l  ten- 
s i l e  load  of 1,560 pounds had reduced 590 pounds, r e s u l t i n g  i n  a 
load  r e l a x a t i o n  va lue  of 37.8%. This  v a l u e  w a s  h ighe r  than  t h a t  
r e s u l t i n g  from t h e  o r i g i n a l  test .  Load decayed r a p i d l y  dur ing  t h e  
f i r s t  few minutes ,  as shown i n  F igure  3-42, and then  l eve led  o f f  t o  
a f a i r l y  even s lope .  F igure  3-43 shows t h a t  t h e  long-durat ion load  
decay i s  e s s e n t i a l l y  exponent ia l .  

E. F r i c t i o n  c o e f f i c i e n t s  e f f e c t s  on t e s t i n g  

The des ign  of t h e  wedge sets w a s  based on a conse rva t ive  estimate of 
0.20 f o r  f r i c t i o n  c o e f f i c i e n t  (pl). 

v a l u e  t o  b e  ap ximately 0.07 t o  0.08 f o r  t h e  range of bear- 
s s u r e s  expe r i e  d during t h e  test. 

Data i n  F igure  3-44 shows t h e  
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Load Decay V e r s u s  T i m e  

1 I 1 I I 1 1 I I I 

0 6 12 18 24 30 36 42 48 54 
T i m e  (min) 

Figure 3-42: NOMEX CABLE LOAD DECAY CHARACTERISTICS 
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Coef f i c i en t  o f  F r i c t i o n  Versus Clamping Load 

Figure 3-44: NOMEX CABLE CLAMP FRICTION COEFFICIENT 

Since  clamping load  ( Q )  is  a f u n c t i o n  of wedge a n g l e  (a) and (11 ), 

g r e a t e r  t han  those  p red ic t ed .  
t h e  a c t u a l  loads  experienced by the clamp b a r s  w e r e  s i g n i f i c a n t  * y 

The r e s u l t i n g  t o t a l  clamp load  (Q) f o r  t h e  S t a t i o n  10.5 f i n a l  c a b l e  
load  (P) of 1,090 pounds could approach 3,450 pounds i n s t e a d  of t h e  
c a l c u l a t e d  1,860 pounds, as shown i n  Figure  3-45. 

The t o t a l  clamp load  when sub jec t ed  t o  the pre load  (P) of 1,560 
pounds could have approached approximately 4,875 pounds. 
c u l a t e d  load f o r  t h i s  c o n d i t i o n  w a s  2,660 pounds. 

The m i n i m u m  c a b l e  f r i c t i o n  c o e f f i c i e n t  (1-12) necessary  t o  p reven t  
s l i p p a g e  is  c a l c u l a t e d  t o  b e  0.158. 

The cal- 

F r i c t i o n  c o e f f i c i e n t  d a t a  shown i n  F igure  3-46 i n d i c a t e  t h a t  a c t u a l  
(1-12) v a l u e s  us ing  hydroblas ted  s u r f a c e s  exceed t h e  minimum requ i r ed  
v a l u e  of 0.158 by a s m a l l  margin a t  t h e  h ighe r  clamping load .  

3.2.10 CONCLUSIONS AND RECOMMJ3NDATIONS (SCPI 30-3) 
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Hydroblasted Surface ,  Loads Decreasing 

Hydroblasted Surface ,  Loads Inc reas ing  

Anodized Surface ,  Loads Inc reas ing  

Cable Broke a t  Next Load 

I I 
1 , 000 2,000 

Clamping Load Q,  One Cable ( l b )  

F i g u r e  3-46: CABLE FRICTION COEFFICIENT VERSUS CLAMPING LOAD 

Conclusions: 

The clamp mechanism, inco rpora t ing  t h e  wedge p r i n c i p l e ,  is capable  
of developing and main ta in ing  t h e  r equ i r ed  S t a t i o n  10.5 t e n s i l e  load 
condi t ions .  

Cable c o e f f i c i e n t  of f r i c t i o n  is  adequate,  when using smooth-grip 
wedges, f o r  t h e  S t a t i o n  10.5 loads .  The u s e  of threaded-grip wedge 
sets and c a b l e  i n s e r t s  provides  no clamping advantages.  

The clamp mechanism, as designed and t e s t e d ,  does n o t  have s u f f i c i e n t  
s t r e n g t h  and r i g i d i t y  t o  react t h e  clamping loads  genera ted  by t h e  
S t a t i o n  10.5 t ens ion  loads ,  
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4) The load  r e l a x a t i o n  c h a r a c t e r i s t i c s  of t h e  5/32-inch-diameter N o m a  
c a b l e  used i n  t e s t i n g  are such t h a t  its breaking s t r e n g t h  w i l l  b e  
exceeded i f  a s i n g l e  pre load  c y c l e  is used t o  a t t a i n  t h e  f i n a l  requi red  
S t a t i o n  10.5 load’of  1,090 pounds. 

5 )  The clamp assembly as modified w i l l  main ta in  t h e  c a b l e  under load f o r  
more than  7 days. 

6 )  The clamp assembly w i l l  r e l i a b l y  release both ends of the’Nomex cable .  

Recommendations: 

1) That t h e  clamp mechanism des ign  us ing  t h e  wedge clamping p r i n c i p l e  b e  
modified t o  c o r r e c t  s t r u c t u r a l  d e f i c i e n c i e s  and minimize clamping 
loads  and assembly weight; 

2) That a l a r g e r  diameter  c a b l e  b e  provided f o r  t h e  S t a t i o n  10.5 
a p p l i c a t i o n ;  

3) That r i gg ing  procedures b e  t e s t e d  f o r  t h e  t o t a l  system us ing  MTA-4 
hardwar e ; 

4) That f u r t h e r  s t o r a g e  tests under load  be  conducted as a Phase I11 
a c t i v i t y  t o  determine i f  r i gg ing  loads  r e q u i r e  checking a f t e r  a spec i -  
f i e d  t i m e .  
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4.0 MAJOR TEST ARTICLE 1 (MTA-1) DEVELOPMENT (TASK 3)  

The Large Area So la r  Array Main Subpanel 1 (MTA-1) w a s  s e l e c t e d  t o  v e r i f y  
f a b r i c a t i o n  c a p a b i l i t y  and eva lua te  its s t r u c t u r a l  c h a r a c t e r i s t i c s .  This  
subpanel  encompasses a l l  of t h e  problems i n  t h e  a r r a y  t h a t  are found i n  
a s i n g l e  subpanel .  

This  s e c t i o n  provides  a comprehensive r e p o r t  of t h e  ac t iv i t ies  a s soc ia t ed  
wi th  t h e  f a b r i c a t i o n  and v i b r a t i o n  t e s t i n g  of MTA-1. There are f i v e  
s e c t i o n s  dea l ing  wi th  MTA-1 and one s e c t i o n  dea l ing  w i t h  a r a d i a t i o n  
damage a n a l y s i s  of a LASA-type subpanel  during a 210-day miss ion  t o  Mars. 

The f i v e  s e c t i o n s  are as fol lows:  

1) Design and Analyses of MTA-1; 

2) Fabr i ca t ion  of MTA-1; 

3) Qual i ty  Assurance; 

4 )  Vibra t ion  Tes t ing  of MTA-1; 

5) Conclusions.  

4.3. MTA-1 DESIGN AND ANALYSES 

The Major T e s t  A r t i c l e  1 (MTA-1) w a s  designed i n  Phase I. The s t r u c t u r a l  
and dynamic ana lyses  f o r  t h e  s o l a r  pane l  assemblies  a l s o  were completed 
during Phase I.  Some minor a d d i t i o n a l  design and ana lyses  were necessary  
i n  Phase I1 t o  s a t i s f y  changing requirements  i n  l i ve  s o l a r - c e l l  i n s t a l l a -  
t i o n  and tests . 
The purpose of t h i s  s e c t i o n  i s  t o  provide  a gene ra l  d e s c r i p t i o n  of t h e  
MTA-1 des ign  ana lyses  necessary t o  eva lua te  t h e  test r e s u l t s ,  and changes 
i n  t h e  test a r t ic le  des ign  a r i s i n g  from t h e  reduced requirements f o r  l i ve  
cells on t h e  subpanel  test  ar t ic le .  

4.1.1 DESCRIPTION OF MTA-1 TEST ARTICLE 

Major T e s t  Ar t i c l e  1 i s  t h e  primary s t r u c t u r a l  subpanel  of t h e  Large Area 
Solar  Array. The f o u r  No. 1 subpanels ,  when t i e d  toge the r  by t h e  tiedown 
system, make a box a t t ached  t o  t h e  s p a c e c r a f t  by 1 2  h inges ,  t h r e e  l o c a t i o n s  
on each s i d e .  A l l  o t h e r  subpanel  u n i t s ,  2 through 5, are supported by 
t h i s  subpanel.  

This subpanel  w a s  s e l e c t e d  f o r  t h e  MTA-1 because i t  contained a l l  of t h e  
des ign  and f a b r i c a t i o n  problems of t h e  o the r  subpanel  u n i t s  p lus  i t s  own 
unique c h a r a c t e r i s  tics. 
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The subpanel is  i d e n t i c a l  t o  pro to type  des ign  except  f o r  t h e  s imula t ion  
of l i ve  s o l a r  cel ls  and power buses.  The cells were rep laced  wi th  g l a s s ,  
which s imula tes  t h e  weight  of t h e  cells coverg lass  , and adhesive.  The 
buses  s imula t e  m a s s  and s t r e n g t h .  

The MTA-1 s t r u c t u r e  is  a rec t angu la r ,  s emi r ig id ,  bery l l ium frame support-  
ing  a n  open-matrix pre tens ioned ,  f i b e r g l a s s  s u b s t r a t e ,  which i n  t u r n  
suppor ts  t h e  s o l a r - c e l l  modules. An i l l u s t r a t i o n  of t h e  subpanel  is  
shown i n  F igure  4-1. The 
frames are assembled from 0.010- t o  0.085-inch-thick powdered bery l l ium 
s h e e t .  The major s t r u c t u r a l  j o i n t s  u se  e l e c t r o n  beam (EB) welded t i t a n -  
ium f i t t i n g s  bonded i n t o  t h e  frame t o  d i s t r i b u t e  concent ra ted  loads  i n t o  
t h e  bery l l ium.  The s u b s t r a t e  i s  made of 0,003-inch-thick f i b e r g l a s s  
t ape  0.14-inch wide pretensioned d iagonal ly  a c r o s s  t h e  pane l  t o  form 
a f l a t  membrane suppor t  f o r  t h e  s o l a r - c e l l  modules. 

The s t r u c t u r e  i s  bonded wi th  AF-126 adhesive.  

The s u b s t r a t e  t ape  i s  pos i t i oned  t o  provide  a node o r  c r o s s  a t  t h e  c e n t e r  
and each corner  of a l l  s o l a r  cel ls .  

The b a s i c  member of t h e  frame is a r ec t angu la r  s e c t i o n  made of two bery l -  
lium channels and two cap s t r i p s .  The s p a r s  and edge members c o n s i s t  of 
two of t h e s e  s e c t i o n s ,  one on each s i d e  of t h e  s u b s t r a t e .  Titanium shea r  
c l i p s  and s p l i c e  p l a t e s  are used a t  t h e  i n t e r c o s t a l  j o i n t s  where beryl l ium 
i s  n o t  necessary f o r  s t i f f n e s s ,  and t h e  minor weight i n c r e a s e  is  
acceptab le .  

MTA-1 c o n s i s t s  of a da rks ide  frame t h a t  conta ins  a l l  t h e  i n t e r c o s t a l s ,  
and a Sunside frame wi th  a p re t ens iona l  s u b s t r a t e  bonded between them. 

The power gene ra t ion  and t ransmiss ion  systems on MTA-1 w e r e  r ev i sed  by 
Contract  Change Notice 622. The subpanel o r i g i n a l l y  contained a l l  l i ve  
s o l a r  cel ls  and two t ransmiss ion  systems, a 28- and a 100-volt .  It  w a s  
changed t o  a subpanel having only  s i x  l i ve  modules, 50 modules of simu- 
l a t e d  s o l a r  cel ls ,  and power buses  t h a t  phys i ca l ly  s imula t e  t h e  l i ve  
system b u t  a r e ' w i t h o u t  e lec t r ica l  c o n t i n u i t y .  With d e l e t i o n  of l i ve  
s o l a r  cel ls  t h e  pro to type  bus system w a s  n o t  r equ i r ed ;  t h e r e f o r e ,  i t  w a s  
s imulated t o  reduce c o s t .  

The power gene ra t ion  system on MTA-1 c o n s i s t s  of a n e t  area f o r  modules 
of 101.57 squa re  f e e t .  
sum of a l l  t h e  areas enclosed w i t h i n  t h e  per imeter  of a module. This 
area inc ludes  t h e  cells and spaces  between cells w i t h i n  t h e  module, b u t  
does no t  i nc lude  t h e  spaces  between modules o r  t h e  spaces  between t h e  
modules and t h e  spa r s .  The power output  f o r  t h i s  subpanel ,  ca l cu la t ed  
i n  accordance wi th  Paragraph 3.4.1 of JPL S p e c i f i c a t i o n  GMP-50505-FNC-BY 
i s  1,015.7 w a t t s  a t  a i r  m a s s  0 ,  1 AU, and a t  55°C. 

The n e t  s o l a r - c e l l  module area i s  def ined  as t h e  

The electrical  des ign  of MTA-1 obtained t h e  h i g h e s t  p o s s i b l e  s o l a r - c e l l  
packing f a c t o r .  
406-cell module. 
on t h e  con tac t  s i d e s  w e r e  s e l e c t e d .  
v i d e s  t h e  0.03-inch spacing between modules s o  t h a t  spacing on t h e  non- 
con tac t  s i d e s  is  c l o s e r  t o  0.005 inch.  

During Phase IT a l l  panels  were redimensioned t o  f i t  t h e  
Spacings of 0.01 inch  on noncontact  s i d e s  and 0.02 inch  

Each group of seven cel ls  also pro- 
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Crosr Tape Membrane 

Intercostals 

I 

:ell 
Solar C e l l  Stack 

0.003-in. Cover Glass 
0.002-in. Expanded x 1.8-cm square 

Connector 7 / 0.001-in. RTV 602 

0.008- in .  -/ L 0 . 0 0 3 - i n .  ' 
Solar C e l l  Substrate 0.001-in. t o  

0.004-in. RTV 40 

Figure 4-1: SUBPANEL NO. 1 ASSEMBLY (MTA-1) 

The spacings t h a t  w e r e  s e l e c t e d  gave a s o l a r - c e l l  d e n s i t y  of 223 cells 
pe r  square  f o o t  of n e t  module area. 
enough t o  con ta in  56 modules. 
c e l l  assemblies .  Each module conta ins  406 8 - m i l  N on P s o l a r  cel ls  
arranged i n  a 7- by 58-ce l l  r ec t ang le .  
nected i n t o  a group. F i f ty -e igh t  of t h e s e  7 -ce l l  groups are then  series 
connected t o  form t h e  b a s i c  406-cell module wi th  a 28-volt power output .  
Four 28-volt modules connected i n  series form one 100-volt module. The 
remaining area con ta ins  g l a s s  cells t h a t  mass-simulate t h e  s o l a r - c e l l  
assemblies .  Pro to type  connections between t h e  s i x  modules and t h e  bus 
ba r  w e r e  made t o  provide  a test ar t ic le  f o r  checking t h e  s t r u c t u r a l  
c a p a b i l i t i e s .  This  connect ion is  shown i n  F igure  4-2. 
process  u t i l i z i n g  a Raytheon Weldpower Heat Programmer and weighted 
s o l d e r i n g  e l e c t r o d e  is used f o r  s o l a r - c e l l  i n t e rconnec t ion  j o i n t s .  

The MTA-1 n e t  module area i s  l a r g e  
S i x  of t h e  modules con ta in  l i ve  s o l a r -  

Seven cells are p a r a l l e l  con- 

A p u l s e  so lde r ing  

The des ign  of t h e  s o l a r - c e l l  silver mesh in t e rconnec to r s  was r ev i sed  t o  
a l low t h e  use  of one t o o l  f o r  t h r e e  p a r t s ,  thereby reducing the too l ing  
c o s t s .  

It w a s  assumed t h a t  t h e  average width of t h e  cells would b e  a t  t h e  mid- 
p o i n t  of t h e  s o l a r - c e l l  t o l e rance ,  0.786 inch.  However, when s o l a r  cells 
were rece ived  and measured, a g r e a t  propor t ion  w e r e  a t  t h e  upper l i m i t  of 
t o l e rance ,  0 . 7 9 1 i n c h .  Very few cells w e r e  as low as 0.788 inch ,  which 
w a s  t h e  assumed average. 
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The power t ransmis  
f l a t  aluminum and e t  bonded t o  t h e  s t r u c t u r  
adhesives  (RTV-630 aterials are used on MTA- 
pro to type  (28- an  
t o  s imula t e  t h e  s t r u c t u  h e  electrica 
material used w a s  equiv 
l a t i o n  w a s  elimi 
f a b r i c a t i o n .  

4.1.2 DESIGN OF SIMLTLATED POWER SYSTEM 

During October 1967, t h e  r e j e c t i o n  rate f o r  s o l a r  cells  r o s e  f r o n  approxi- 
mately 1 t o  10% due t o  pee l ing  of t h e  con tac t  s u r f a c e .  The r e j e c t i o n  rate 
continued t o  rise and t h e  assembly of s o l a r - c e l l  modules w a s  d i scont inued .  
A t  t h i s  time, JPL i ssued  a Cont rac t  Change Notice 662, which au thor ized  
t h e  d e l e t i o n  of a l l  l i ve  cel ls  and replacement wi th  s imula ted  s o l a r  ce l l s  
and buses .  

Simulated So la r  Cells---All b u t  s i x  28-volt modules were rep laced  w i t h  
g l a s s ,  C e l l  c h a r a c t e r i s t i c s  s imulated w e r e  s i z e ,  weight ,  and modulus of 
e l a s t i c i t y .  

Positive d Negative Busses 
Encapsulated with Insulation 

Negative Bus Tab,-, 

Positive Bus Tab 
Spar Cap 

erconnector 

Figure 4-2: MODULE TO BUS CONNECTION 
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The s i x  solar-cell modules are not  e l e c t r i c a l l y  o p e r a t i v e ,  b u t  a l l  e lec-  
t r ical  connect ions and d iodes  were i n s t a l l e d  t o  o b t a i n  a p h y s i c a l  evalu- 
a t i o n  of t h e  e l e c t r i c a l  system. The l o c a t i o n  of t h e  l ive c e l l s  is  shown 
i n  F igure  4-3. 

Simulated Power Buses---The s imulated power buses are very  similar t o  
e l e c t r i c a l l y  o p e r a t i v e  buses .  Aluminum and copper w e r e  used b u t  t h e  
buses are not  made i n  one p iece .  This  had a n e g l i g i b l e  e f f e c t  on t h e  
MTA-1 v i b r a t i o n  test b u t  s u b s t a n t i a l  manufacturing c o s t  sav ings  w e r e  
r e a l i z e d .  N o  new processes  were r equ i r ed  t o  make t h i s  i n s t a l l a t i o n .  
Bondline th ickness  and to l e rances  are t h e  same as those  t h a t  were spec i -  
f i e d  f o r  e l e c t r i c a l l y  o p e r a t i v e  buses. 

4.1.3 ANALYSIS OF MTA-1 VIBRATION CHARACTERISTICS 

MTA-1 w a s  sub jec t ed  t o  a v i b r a t i o n  test t h a t  had as its b a s i c  o b j e c t i v e s :  

1) The de termina t ion  of t h e  s t r u c t u r a l  c a p a b i l i t y  of e l e c t r i c a l  com- 
ponents when sub jec t ed  t o  large-ampli tude s u b s t r a t e  motion; 

2) The comparison of measured wi th  c a l c u l a t e d  f r equenc ie s  i n  a i r  and 
i n  vacuum: 

3) The eva lua t ion  of damping c h a r a c t e r i s t i c s  i n  a i r  and i n  vacuum. 

To accomplish t h e s e  o b j e c t i v e s  i t  w a s  necessary t o  d u p l i c a t e  t h e  p red ic t ed  
boos t  v i b r a t i o n  environment a t  t h e  s u b s t r a t e  suppor t ing  t h e  c e l l s .  

The normal modes of t h e  pinned-free MTA-1 pane l  have been computed t o  
p r e d i c t  t h e  response levels and select t h e  most a p p r o p r i a t e  shaker  loca-  
t i o n s .  The fol lowing cond i t ions  w e r e  considered:  

Panel  a lone  i n  vacuum; 

Panel  i n  vacuum wi th  3.5-pound shaker  m a s s  a t  S t a t i o n  169.9 on 
c e n t e r  s p a r ;  

Panel  i n  a i r  wi th  3.5-pound shaker  mass a t  S t a t i o n  169.9 on c e n t e r  
s p a r  ; 

Panel  i n  a i r  wi th  3.5-pound shaker  mass a t  S t a t i o n  123.7 on t h e  
c e n t e r  of a lateral  s p a r ;  

Two 25-pound shakers  a t  S t a t i o n  169.9 on o u t e r  s p a r  i n  vacuum. 
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Condit ion 5 w a s  s e l e c t e d  because i t  provides  bending and t o r s i o n  modes 
wi th  adequate  f o r c e  wi th  low v o i c e  c o i l  m a s s .  
t h e  l o c a t i o n  of t h e  shakers  is  shown i n  F igure  4-4. 

I n  t h e  a n a l y s i s  t h e  m a s s  of a i r  app l i ed  t o  t h e  pane l  f o r  t h e  ambient 
atmospheric test  w a s  taken as t h e  m a s s  i n  t h e  volume shown i n  F igure  4-5. 
The mass of a i r  i n  a 2-foot-diameter sphere  w a s  app l i ed  to  each s u b s t r a t e  
mass, and t h e  remainder w a s  d i s t r i b u t e d  over  t h e  pane l  s t r u c t u r e .  A sum- 
mary of t h e  a n a l y s i s  of t h e  nominal case (Condition 5 above) i’s g iven  i n  
Table  IV-1 .  

The test s e t u p  showing 

Table I V - 1 :  SUMMARY OF ANALYSIS OF MTA-1 VIBRATION CWCTERISTICS 

Frequency 
Mode (Hz 1 - 

1 6.50 

2 15.4 

3 24.3 

4 31.6 

5 32.6 

Condit ion 5: Vacuum, 
Shaker Mass = 1.25-lb 

General ized 
Mass 

0.00330 

0.00230 

0.00187 

0.000736 

0.000471 

50-lb Input  50-lb Input  
S u b s t r a t e  S t r u c t u r e  
Response Response 

33.4 32.9 

37.6 6.15 

42.6 3.42 

two 25-lb shakers  a t  S t a t i o n  169.9 o u t e r  s p a r s ;  
t o t a l .  

4.2 FABRICATION OF MTA-1 

The f a b r i c a f i o n  and assembly of MTA-1 w a s  completed on August 2 ,  1968. A 
photo of t h e  completed MTA-1 is  shown i n  F igure  4-6. The f a b r i c a t i o n  
e f f o r t  proved manufacturing techniques experimental ly  developed i n  Phase I 
and developed manufacturing c o s t  d a t a  based on a c t u a l s  f o r  Phase I11 cos t ing .  

MTA-1 w a s  s e l e c t e d  f o r  Phase I1 f a b r i c a t i o n  because i t  i s  t h e  most complex 
and w a s ,  t h e r e f o r e ,  t h e  b e s t  test of manufacturing c a p a b i l i t y .  MTA-1 i s  
a l i gh twe igh t  bonded bery l l ium and t i t an ium 8- by 13-foot s t r u c t u r e  con- 
s i s t i n g  of Sunside and da rks ide  frames bonded about a pretensioned f i b e r -  
g l a s s  t ape  s u b s t r a t e  matr ix .  Live and dummy s o l a r - c e l l  modules are bonded 
t o  t h e  s u b s t r a t e .  An MTA-1 exploded v i e w  i d e n t i f y i n g  i t s  main elements 
i s  shown i n  F igure  4-7. 

The t e x t  t h a t  fol lows is  devoted t o  t h e  LASA Phase I1 f a b r i c a t i o n  and 
assembly opera t ions  developed t o  manufacture MTA-1. It is  organized i n  a 
manner t o  famiLiar ize  t h e  reader  w i t h  t h e  o v e r a l l  manufacturing p l a n  and 
followed by reviews i n  g r e a t e r  d e t a i l  of t h e  f a b r i c a t i o n  s t a g e s  w i t h i n  
t h e  plan.  
fac tur ing  Plan and Spec i f i ca t ion .  

Those wishing a d d i t i o n a l  d e t a i l  may r e f e r  t o  D2-113353-1, Manu- 
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Figure 4-4: MTA-1 VIBRATION TEST SETUP 
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F igu re  4-6: MAJOR T E S T  A R T I C L E  NO. 1 ,  MTA-1 

4 . 2 . 1  MTA-1 MANUFACTURING PLAN 

Manufacturing e f f o r t  implemented i n  Phase I1 followed the  p l an  developed 
a t  t h e  conclusion of Phase I wi th  r e v i s i o n s  t o  accommodate t h e  change from 
a l i v e  t o  a s imulated power system. The p l an  is  schemat ica l ly  shown i n  
F igure  4-8. 

Beryllium c ross - ro l l ed  s h e e t  material  i s  procured i n  s t r i p s  t o  t h e  width 
requi red  f o r  forming channels o r  t o  t h e  n e t  width f o r  f l a t  d e t a i l  p a r t s .  
The channel s t o c k  i s  formed a t  1,375"F i n  s t a i n l e s s  s teel  d i e s .  Pneumatic 
p re s su re  i s  appl ied  a f t e r  i n i t i a l  forming t o  s i z e  t h e  channel c ros s  sec- 
t i o n  t o  t h e  punch and t o  bottom the  punch i n  t h e  d i e .  P a r t s  are cooled 
t o  800°F be fo re  removal from t h e  d i e .  Channel s i d e s  are trimmed t o  t h e  
f i n i s h e d  dimension i n  a t r i m  f i x t u r e ,  using an  ab ras ive  s a w .  Channel 
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.te 

Figure 4-7: EXPLODED VIEW, MTA-1 

s t o c k  and f l a t - s t r i p  s t o c k  are chem-milled t o  remove s u r f a c e  s t a i n s  and 
t o  d e t e c t  f laws.  A f t e r  chem-milling, beryl l ium components are c u t  t o  
l eng th ,  i d e n t i f i e d  t o  drawing number, penetrant- inspected,  and then  cleaned 
and primed ready f o r  bonding i n t o  tubu la r  s e c t i o n s  commonly r e f e r r e d  t o  
as "sticks .I' 
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The s t i c k  assemblies  are made by bonding cap s t r i p s  and s h e a r  webs t o  
channels  over t e f l o n  mandrels wi th  AF-126 adhes ive  us ing  pneumatic pres -  
s u r e  a t  1 7  t o  20 p s i  and 250°F electric b l anke t  hea t .  

The s t i c k s  are bonded i n  two bond c y c l e s  i n t o  a Sunside frame and a dark- 
s i d e  frame. Titanium g u s s e t s ,  c l i p s ,  and EB welded f i t t i n g s  make t h e  j o i n t s  
between s t i c k s .  The Sunside frame has  shea r  t e e t h  added i n  a t h i r d  bond 
cyc le .  The frame assembliea are bonded a t  225 t o  250°F t o  a p rev ious ly  
f a b r i c a t e d  s u b s t r a t e  assembly t h a t  has  been manually l a i d  up from f i b e r -  
g l a s s  t ape  and cured a t  350°F f o r  4 hours whi le  he ld  under 10 inches of 
mercury vacuum. During substrate- to-frame bond, t h e  s u b s t r a t e  is  he ld  
under s u f f i c i e n t  t ens ion  t o  produce 12-lb/ in .  t ens ion  i n  t h e  t ape  a t  
ambient temperature.  

So la r - ce l l  submodules are assembled by bonding coverg lasses  t o  c e l l s ,  
pulse-solder ing cel ls  t o  si lver-mesh in t e rconnec to r s  i n  groups of seven,  
and then  pulse-solder ing 58 groups i n t o  a 7 by 58 submodule ready f o r  bond- 
ing  t o  s u b s t r a t e .  

MTA-1 f i n a l  assembly w a s  accomplished by pos i t i on ing  t h e  s t r u c t u r a l  frame 
assembly Sunside up and room temperature  bonding t h e  s o l a r - c e l l  modules 
t o  t h e  s u b s t r a t e  under 1.0-psi  vacuum. F i n a l  assembly i s  concluded by 
f i t t i n g  and room temperature  bonding bus b a r s  t o  t h e  frame under c o n t a c t  
p re s su re  followed by in t e rconnec t  of t h e  s o l a r - c e l l  submodules. 

4.2.2 FABRICATION OF DETAILS 

Achieving d e t a i e  { a b h i d o n  ;to LASA denign neq&emevttn wan in,5;Dtumeuttae 
i n  huccehh61Le & g k . t w e i g h t  b&U&iJLM banding. 

The MTA-1 d e t a i l  f a b r i c a t i o n  r equ i r ed  manufacturing techniques t o  produce: 
formed bery l l ium channels ;  f l a t  bery l l ium caps ,  shear  webs and s p l i c e  
p l a t e s ;  f l a t  t i t an ium g u s s e t s  and s p l i c e  p l a t e s ,  and formed t i t a n i u m  a n g l e s ;  
t i t an ium weldment f i t t i n g s ;  and machined t i t an ium compression pads and 
shear  t e e t h .  Due t o  des ign  requirements  i nhe ren t  w i th  l i gh twe igh t  bonded 
s t r u c t u r e s ,  unusual ly  t i g h t  dimensional t o l e r a n c e s  had t o  be  m e t  t o  c o n t r o l  
adhes ive  and bery l l ium p r e s t r e s s i n g  r e s u l t i n g  from p a r t s  f i t u p .  For ex- 
ample, bery l l ium channels  were formed t o  a f l a t n e s s , t o l e r a n c e  of 0.002 bow 
i n  10 inches m a x i m u m  w i t h  channel  l e g  p e r p e n d i c u l a r i t y  t o  be w i t h i n  0.005. 
I n  a d d i t i o n ,  t o l e r a n c e s  of '0.010 were requi red  t o  c o n t r o l  weight bu i ldup  
on t i t an ium components normally considered t o  be  s h e e t  metal p a r t s  b u i l t  
t o  f0.03. 

P a r t s  f i t u p  f o r  bonded assembly and assembly of MTA-1 a t  t h e  designed 
weight w e r e  dependent upon meeting d e t a i l  des ign  to l e rances .  The manu- 
f a c t u r i n g  techniques employed t o  f a b r i c a t e  MTA-1 d e t a i l s  w i t h i n  t h e  re- 

are descr ibed  below. 
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Unsymmetrical 
Material 
Milled Away 

3-in. OD x 112-in. 
Stainless Steel Tube -7 7 Bladder -.I 

Pressure Tube- 

Figure 4-9: HOT-FORM BERYLLIUM CHANNEL 

4.2.2.1 Beryllium Channel Forming 

Formed bery l l ium channels were f a b r i c a t e d  w i t h i n  t h e  f l a t n e s s ,  perpendicu- 
l a r i t y ,  and l i n e a r  t o l e rance  requirements .  The c reep  form method w a s  used. 
Cross-rol led bery l l ium blanks were ho t  formed a t  1,375 *25"F i n  s t a i n l e s s  
d i e s  u s ing  pneumatic p r e s s u r e  t o  bottom t h e  d i e  and s i z e  channel  c r o s s  
sec t ion .  The f e a t u r e s  of the d i e  are shown i n  F igu re  4-9. D i e  loading  
w a s  accomplished on a bench followed by hot-press  loading as shown i n  Fig- 
u r e  4-10. Upon s a t i s f y i n g  v i s u a l  and dimensional i n s p e c t i o n  f o r  t h e  
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s u r f a c e  cond i t ion  and s t r a i g h t n e s s ,  channels  were f i x t u r e d ,  as shown i n  
F igure  4-11, and edge trimmed. Channels were shipped i n  s t o c k  l e n g t h s  t o  
t h e  Chemical Energy Co. where chem-milling w a s  accomplished. Following 
chem-mill, channels  were n e t  l eng th  trimmed and penetrant- inspected a t  
Boeing. A second shipment w a s  made t o  t h e  Chemical Energy Co. f o r  e tch-  
c l e a n  and EC2320 priming t o  complete channel  processing be fo re  bonding. 

Problems encountered i n  channel f a b r i c a t i o n  were i n  punch suppor t ,  punch 
symmetry, and forming l u b r i c a n t .  
which c a r r i e d  t h e  punch weight be fo re  reaching forming temperature ,  were 
no t  s a t i s f a c t o r y  because of punch and b lank  s h i f t i n g  on p a r t  removal. 
Four 1-inch s e c t i o n s  of 3-inch-diameter steel tub ing ,  shown i n  F igure  4-9, 
were u l t i m a t e l y  used t o  support  t h e  punch weight ;  t h e  r i n g s  deformed uni- 
formly dur ing  forming, holding t h e  punch leve l  as i t  entered  t h e  d i e .  

The punch support  b locks  used i n  Phase I ,  

Unsymmetrical punch des ign ,  which allowed a common d i e  t o  be  used wi th  
s e v e r a l  punches, w a s  found t o  in f luence  p a r t  s t r a i g h t n e s s .  By m i l l i n g  t h e  
unsymmetrical material away, a symmetrical  d i e  w a s  produced as shown i n  
F igure  4-9. The cond i t ion  was a l l e v i a t e d  except  i n  l o c a l  areas requi red  
f o r  guides .  Boron n i t r i d e  w a s  found t o  be  supe r io r  t o  t a lc  as a forming 
l u b r i c a n t .  UPOR r e so lv ing  these  problems, p a r t s  were formed c o n s i s t e n t l y  
w i t h i n  t h e  0.002 bow i n  10 inches r equ i r ed  by engineer ing drawings. 

Phase I1 channel forming experience,  averaging over 4 hours p e r  p a r t ,  i nd i -  
ca ted  t h a t  forming rate problems should be  a n t i c i p a t e d  when us ing  p resen t  
methods i n  l a r g e  q u a n t i t y  product ion.  I n  add i t ion ,  t h e  two s e p a r a t e  sh ip-  
ments r equ i r ed  t o  accomplish chem-mill and etch-clean and prime c rea t ed  
l o g i s t i c  problems a f f e c t i n g  assembly shop performance. 

. MTA-1 channel d e t a i l  requirements were s a t i s f i e d  w i t h  fol lowing excess  
f a c t o r s :  r a w  material procurement excess ,  26%; f a b r i c a t i o n  excess  cover- 
ing scrappage,  trimming r e s i d u e ,  and backup, 14%. Both excess  f a c t o r s  are 
expressed i n  terms of blanks purchased and formed a g a i n s t  ne t  forming re- 
quirements.  

4.2.2.2 F l a t  Beryll ium Fabr i ca t ion  

Phase I1 bery l l ium s h e e t  s tock  f o r  f l a t  p a r t s  f a b r i c a t i o n  (caps,  shea r  webs, 
and s p l i c e  p l a t e s )  w a s  purchased t o  n e t  width w i t h  an  0.006 allowance f o r  
chem-milling. A s  s tock ,  f l a t  s t r i p s  were chem-milled t o  t h e  n e t  f i n i s h  
th ickness  and width dimension. Chem-milling and blanking i r r e g u l a r l y  
shaped f l a t  p a r t s  w e r e  accomplished a t  the  Chemical Energy Co. 
t u r n  t o  Boeing, shear  webs, caps,  and s p l i c e  p l a t e s  were abrasive-sawed t o  
length .  Dimensional and pene t r an t  i n spec t ion  followed. Both channels  and 
f l a t  p a r t s  aga in  were shipped t o  t h e  Chemical Energy Co. f o r  e tch-clean 
and EC2320 prime followed by p r o t e c t i v e  bagging. 

Upon re- 

Savings i n  f l a t  p a r t s  c u t t i n g  w e r e  r e a l i z e d  i n  Phase I1 by purchasing t o  
n e t  width. MTA-1 f l a t  p a r t s  f a b r i c a t i o n  w a s  accomplished i n  498 f l a t  p a r t s  
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Figure 4-10: HOT-PRESS LOADING OF CHANNEL D I E  I 

4- 15 

x 



D2-113 355-7 

c u t s  t o t a l i n g  447 l i n e a r  c u t t i n g  inches  as opposed t o  a minimum requi re -  
ment f o r  747 c u t s  t o t a l i n g  5,785 l i n e a r  inches when f l a t  p a r t s  are edge 
trimmed. 

4.2.2.3 Titanium Fabr i ca t ion  

MTA-1 t i t an ium f a b r i c a t i o n  requi red  manufacturing techniques f o r  f l a t  s h e e t  
metal gusse t s  and s p l i c e  p l a t e s ,  formed s h e e t  metal angles ,  machined com- 
p res s ion  pads and shea r  t e e t h ,  and EB weld of machined t i t an ium f i t t i n g s .  
Gussets ,  s p l i c e  p l a t e s ,  compression pads,  and shea r  t e e t h  b lanks  were 
machined us ing  s tandard  techniques.  Normal s h e e t  metal f a b r i c a t i o n  prac- 
tices w e r e  n o t  employed on g u s s e t s  and s p l i c e  p l a t e s  due t o  t h e  '0.010 
dimensional t o l e rances  s p e c i f i e d  t o  c o n t r o l  weight bui ldup and t o  main ta in  
p a r t  f l a t n e s s .  
D i e  Co. 

Shear t e e t h  were crush-ground by t h e  Rose l le  Too l  and 

Titanium EB-welded f i t t i n g  f a b r i c a t i o n  used a s p e c i a l  machining process  
designed t o  avoid t h e  Phase I experience of thin-wal l  d i s t o r t i o n  dur ing  
machining. Rather than  f i n i s h  t h e  f i t t i n g  and cover p l a t e  completely be- 
f o r e  EB welding, t h e  r a w  s tock  f o r  bo th  f i t t i n g  and cover  p l a t e  w a s  j i g -  
bored a t  i n t e r s e c t i o n s  of t h e  o u t s i d e  t r i m  l i n e s  t o  provide indexing p o i n t s  
f o r  welding and machining. The i n t e r n a l  c u t s  w e r e  then  made as shown i n  
F igure  4-12 (upper l e f t ) .  The EB welding and stress r e l i e v i n g  w e r e  then  
accomplished and t h e  o u t s i d e  f i n i s h  machined. This  sequence allowed f u l l -  
power c u t t i n g  of i n t e r n a l  hog-outs and gave maximum suppor t  f o r  f i n i s h  
c u t s  on t h e  ou t s ide .  While f i t t i n g  f a b r i c a t i o n  c o s t s  were improved, 
t o l e rance  bui ldups  i n  t h e  approach r e s u l t e d  i n  w a l l  th icknesses  a t  t h e  
h igh  end of t h e  to l e rance  range r e s u l t i n g  i n  a weight pena l ty .  

4.2.3 STRUCTURE SUBASSEMBLY BONDING 

S t r u c t u r e s  subassembly bonding f o r  MTA-1 cons i s t ed  of assembly and bonding 
of s t icks ,  assembly and bonding of Sunside and da rks ide  frames, and f i b e r -  
g l a s s  t a p e  layup f o r  s u b s t r a t e  bond. 

F i f ty -e igh t  s t i c k  assemblies  were made by bonding cap s t r i p s  and shear  webs 
t o  channels  over  t e f l o n  mandrels (Figure 4-13) .  The 17- to  100-psi bonding 
p r e s s u r e  was app l i ed  pneumatical ly .  The 5 - m i l  AF-126 f i l m  adhes ive  w a s  
cured a t  225 t o  250°F f o r  1 hour us ing  electric b lanke t  h e a t .  
problems w e r e  n o t  encountered except  i n  t h e  case of one bowed channel  t h a t  
w a s  shimmed t o  prevent  channel  s t r a i g h t e n i n g  i n  t h e  s t i c k  t o o l  and r e s u l t a n t  
p r e s t r e s s i n g  of t h e  p a r t .  

P a r t  f i t u p  
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J ig -Bore  
Hog -OU t 

EB Weld 
S t r e s s  Relieve 

I 

Surface Grind 
Rough Saw 

Fin ish  Machine 

Figure 4-12: WELDED TITANIUM FITTING FABRICATION PROCESS 

Sunside and da rks ide  frames w e r e  assembled by j o i n i n g  s t i c k s  and EB f i t t i n g s  
wi th  g u s s e t s ,  s p l i c e  p l a t e s ,  c l i p  angles ,  and compression pads i n  t w o  bond 
cyc le s  as shown i n  F igu re  4-14. 
bond shea r  t ee th .  Both pneumatic b ladders  and mechanical s p r i n g  p res su res  
w e r e  used t o  apply t h e  17-  t o  100-psi bonding p res su re  through m e t a l  p l a t e s  
and s i l i c o n e  rubber pads. AF-126 f i l m  adhesive w a s  cured for 1 hour a t  225 
to 250°F. Electric b l anke t  h e a t  w a s  used. 

On the  Sunside a t h i r d  c y c l e  w a s  used t o  
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Insulat ion _J 

Figure 4-1 3: STICK ASSEMBLY 
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Suns i d e  Gusset Bond Darkside S p l i c e  P l a t e /  
Compression Pad Bond 

Sunside Shear Teeth Darks i d e  Frame Assembly 

Figure  4-1 4: FRAME ASSEMBLY PROCESS 

S u b s t r a t e  layup,  shown i n  F igure  4-15, w a s  made wi th  s h r i n k  scale t o o l i n g  
t o  compensate f o r  t a p e  growth during pre tens ioning .  Layup w a s  over a 
t e f l o n  p a r t i n g  f i l m  on a s t e e l  p l a t e n .  The f i n a l  s u b s t r a t e  bond c u r e  
w a s  accomplished a t  350°F f o r  4 hours.  
mercury w a s  maintained throughout. 

During t h e  MTA-1 c u r e  c y c l e ,  t h e  prescr ibed  0.75-lbIin.  draw-bar t e n s i o n  
w a s  n o t  maintained because t h e  f r i c t i o n  between t h e  s t ee l  p l a t e n  and t h e  
t e f l o n  p a r t i n g  f i l m ,  between t h e  t a p e  and t h e  p l a t e n ,  w a s  s u f f i c i e n t  t o  
load t h e  long t apes  t o  a higher  t e n s i o n  as t h e  p l a t e n  expanded w i t h  hea t .  
This  caused t h e  long t apes  t o  be s l a c k  a t  t h e  t e n s i o n  b a r s .  

A vacuum p r e s s u r e  of 10 inches of 

The spacing 
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Lay Tape keck--St ra ighten  Tape 

Lay I n  Second Layer Cure 

Figure 4-1 5: SUBSTRATE ASSEMBLY 

es t ab l i shed  during layup w a s  maintained,  however, and a f t e r  cool-down t h e  
long tapes  were aga in  under t ens ion .  
showed t h a t  t h e  t a p e  growth has  been c o r r e c t l y  computed. The t ape  i n t e r -  
s e c t i o n s  were w i t h i n  0.06 on t h e  96-inch dimension. Diagonal dimensions 
were w i t h i n  k0.12. The d iagonal  dimensions were improved by a d j u s t i n g  t h e  
f ixed  t ens ion  ba r s  a t  t h e  t i m e  of f i n a l  frame bonding. 

The tes t  of t h e  assembly a t  1 2  l b / i n .  

Var i a t ion  i n  spacing between tapes  exceeds drawing to l e rance  of '0.01. 
Var i a t ions  up t o  '0.10 occurred.  Curren t ly  envis ioned modi f ica t ions  t o  
e x i s t i n g  too l ing  w i l l  improve spacing v a r i a t i o n ;  however, drawing to l e rances  
a l s o  may have t o  be re laxed .  
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The s imulated power system f a b r i c a t i o n  cons i s t ed  of t h r e e  independent 
processes  as fol lows:  

1) The assembly of l i v e  s o l a r  cells  i n t o  modules of 7 cel ls  i n  p a r a l l e l  
and 58 cel ls  i n  series. A t o t a l  of s i x  modules w a s  assembled. A 
complete module is shown i n  F igure  4-16. 

The assembly of microsheet  g l a s s ,  w i th  dimensions equal  t o  t h e  s i z e  
and weight of an  a c t u a l  s o l a r - c e l l  s t a c k ,  i n t o  s imulated s o l a r - c e l l  
modules. The u n i t  of assembly w a s  a submodule of 7 by 29 g l a s s e s .  
A t o t a l  of 100 of t h e  submodule u n i t s  w a s  r equ i r ed .  

2) 

3)  The f a b r i c a t i o n  of s imulated e lectr ical  buses c o n s i s t i n g  of two l a y e r s  
of aluminum without  t h e  d i e l e c t r i c  and s ing le - l aye r  copper bus b a r s  
equiva len t  t o  t h e  a c t u a l  double-layer laminated cons t ruc t ion .  Two 
aluminum and f o u r  copper bus b a r s  w e r e  f a b r i c a t e d .  

The l ive s o l a r - c e l l  modules were assembled i n  t h r e e  s t e p s .  
coverg lasses  were bonded t o  t h e  cel ls  and in spec ted ,  then  t h e  ce l l  assem- 
b l i e s  were so ldered  t o  in t e rconnec to r s  t o  make 7-ce l l  p a r a l l e l  groups,  and 
i n  t h e  t h i r d  s t e p  t h e  groups w e r e  assembled i n t o  t h e  series s t r i n g  module 
conf igu ra t ion  and inspec ted .  
i n t o  28- o r  100-volt modules. 

F i r s t  t h e  

The  assemblies  a t  t h i s  s t a g e  may be  i n s t a l l e d  

The coverg lass  bonding w a s  accomplished by p r e l o c a t i n g  t h e  g l a s s e s  and t h e  
cel ls  i n  a t o o l ,  apply ing  low-tack p l a s t i c  t ape  and t r a n s f e r r i n g  t h e  cel ls  
10 a t  a t i m e  t o  t h e  bonding f i x t u r e .  
adhesive wgs app l i ed  t o  t h e  cel ls  w i t h  a hypodermic sy r inge  and t h e  t ape  
conta in ing  t h e  g l a s s e s  was pos i t ioned  on t h e  cells. The assembly w a s  then  
passed between mechanized r o l l e r s ,  shown i n  F igure  4-17, t o  squeeze ou t  
excess adhes ive  and e s t a b l i s h  t h e  s p e c i f i e d  1 - m i l  bondl ine  th ickness .  
l o c a t i o n  and void problems were encountered and w e r e  reduced t o  a minimum 
by al lowing t h e  adhesive t o  f low t o  t h e  bondl ine edges be fo re  f o r c i n g  the 
bondl ine  th ickness  and by ope ra to r  i n spec t ion  and c o r r e c t i o n  be fo re  t h e  
r o l l e r  ope ra t ion .  
a l coho l  a f t e r  f u l l  adhes ive  cure .  

Assembly of t h e  7 -ce l l  p a r a l l e l  groups w a s  accomplished by pos i t i on ing  
ce l l  assemblies  f a c e  down i n  a so lde r ing  f i x t u r e  t h a t  l o c a t e s  t h e  N con tac t  
b a r  end of t h e  ce l l .  C e l l  spac ing  w a s  e s t ab l i shed  w i t h  5 - m i l  space r s  be- 
tween cells.  
i n  t h e  r equ i r ed  s p o t  conf igu ra t ion  wi th  a s t e n c i l .  
connector w a s  placed on t h e  cells and h e l d  i n  l o c a t i o n .  
w e r e  completed by p u l s e  so lde r ing  each s p o t .  
u r e  4-18. 
and t r a n s f e r r e d  t o  i n d i v i d u a l  p l a s t i c  boxes. 

The r equ i r ed  q u a n t i t y  of RTV-602 

M i s -  

The assemblies  w e r e  thoroughly cleaned wi th  MEK and 

P a s t e  s o l d e r  was appl ied  t o  t h e  P s i d e  of a l l  seven cells 
The silver-mesh i n t e r -  

The s o l d e r  j o i n t s  
The se tup  is  shown i n  Fig- 

The assemblies  w e r e  immediately cleaned w i t h  MEK and a l coho l  
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F i g u r e  4-16: SOLAR CELL MODULE 

F i g u r e  4-17: SOLAR CELL BONDING ROLLER 
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F i g u r e  4-1 8: SEVEN-CELL SOLDERING FIXTURE 

L 
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S e r i e s  s t r i n g s  of 58 s o l a r - c e l l  groups were assembled and so ldered  (N con- 
tact ba r )  by a process  i d e n t i c a l  t o  t h e  group so lde r ing .  
i n  F igure  4-19. A problem encountered a t  t h i s  s t a g e  w a s  t h e  d i f f i c u l t y  i n  
removing t h e  module from t h e  f 
This  w a s  co r rec t ed  by l i f t i n g  row of cel ls  from t h e  s u r f a c e  of t h e  t o o l  
a f t e r  so lde r ing  and then  r e s e a t i n g  on t h e  l o c a t o r s .  

The s imulated ce l l  modules were assembled by l o c a t i n g  t h e  g l a s s e s  i n  t h e  
module s o l d e r i n g  f i x t u r e ,  shown i n  F igure  4-19, and applying adhesive- 
faced p r o t e c t i n g  paper t o  main ta in  p o s i t i o n ,  f a c i l i t a t e  handl ing,  provide 
a mask f o r  t h e  thermal c o n t r o l  coa t  a p p l i c a t i o n ,  and main ta in  o u t s i d e  
dimensions. Half modules of 7 by 29 were assembled t o  s impl i fy  handl ing 
and i n s t a l l a t i o n .  

The s e t u p  i s  shown 

e even though one s i d e  r a i l  w a s  removable. 

Simulated electrical buses  w e r e  f a b r i c a t e d  by convent iona l  s h e e t  m e t a l  fab- 
r i c a t i o n  methods, then  trimmed and f i t t e d  t o  conform t o  t h e  a c t u a l  s t r u c t u r a l  
conf igura t ion .  Copper in t e rconnec t  t a b s  t o  t h e  l i ve  ce l l  modules w e r e  
u l t r a s o n i c a l l y  bonded t o  t h e  aluminum b a r s  w i th  a s i l v e r - f o i l  i n t e r f a c e ,  
and so ldered  t o  t h e  copper b a r s  by convent iona l  hand-soldering methods. 

4.2.5 STRUCTURE FINAL ASSEMBLY BONDING 

S t r u c t u r e  f i n a l  assembly bond is made by j o i n i n g  t h e  Sunside and da rks ide  
frames wi th  t h e  pre tens ioned  f i b e r g l a s s  s u b s t r a t e  on which t h e  s o l a r - c e l l  
modules are la ter  i n s t a l l e d .  Due t o  i n t e r c o s t a l  bond f a i l u r e s  i n  f i n a l  
assembly bonding, two phases i n  MTA-1 s t r u c t u r e s  f i n a l  assembly bonding 
w e r e  requi red .  
t o  f a i l u r e .  

This  d i s c u s s i o n  w i l l  r e p o r t  t h e  i n i t i a l  phase l ead ing  up 
The r e p a i r  phase i s  r epor t ed  s e p a r a t e l y  i n  Sec t ion  4.2.6. 

The s t r u c t u r e  . f i n a l  assembly bond s e t u p s  f o r  MTA-1 were similar t o  t h e  
vacuum-bag concept s u c c e s s f u l l y  demonstrated on t h e  4- by &foo t  pane l  
(SCS-43) f a b r i c a t i o n  of Phase I. The Sunside frame w a s  indexed t o  t h e  
bonding p l a t e n  w i t h  t h e  Sunside down and t h e  frame shimmed t o  clear t h e  
shear  t e e t h .  Aluminum f i l l e r  p l a t e s  supported w i t h  aluminum spacer  blocks 
were set w i t h i n  t h e  frame f o r  s u b s t r a t e  and i n t e r c o s t a l  support .  
c a l  i n t e r c o s t a l  s e t u p  is  shown i n  F igu re  4-20. A s tee l  f i l l e r  p l a t e  w a s  
s ea l ed  about t h e  Sunside frame f o r  a vacuum seal. Following AF-126 f i l m  
adhesive a p p l i c a t i o n  t o  t h e  Sunside frame, t h e  prev ious ly  abraded s u b s t r a t e  
and i t s  clamping b a r s  were pos i t i oned  and hooked up. The da rks ide  frame 
wi th  adhesive appl ied  w a s  pos i t ioned  t o  a l i g n  and f a y  wi th  t h e  Sunside 
frame and s u b s t r a t e .  A vacuum bag, F igure  4-21, tucked i n  t o  minimize 
br idging ,  was placed and s e a l e d  and vacuum-pulled t o  26 inches of mercury. 
Electric b l anke t  h e a t  w a s  used f o r  t h e  1-hour, 225 t o  250°F c u r e  c y c l e  
wh i l e  t h e  s u b s t r a t e  w a s  tensioned t o  produce t h e  r equ i r ed  12 l b / i n .  a t  
ambient. 

During MTA-1 f i n a l  s t r u c t u r e  assembly, cure-cycle temperatures  on t h e  bond- 
ing p l a t e n  were n o t  c o n t r o l l e d  w i t h i n  t h e  225 t o  250°F requirements .  
p e r a t u r e s  as high as 269°F were reached a long  t h e  c e n t e r  s p a r  cap i n  

The typ i -  

Tem- 
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S u n s  i d e  Fraqe 

1)arksit le Frame 
1 0.250 A l u m  P l a t e  Faced  

With S i l i c o n e  Rubber 

7 D a r k s i d e  L n t e r c o s t a l  

P l a t e  ( 4  t o  6-in. Spac ing  & 
Under I n t e r  cos  t a ls  ) 

1 n s u l a t  i o n  

L E l e c t r i c  B l a n k e t  

F i g u r e  4-20: FINAL STRUCTURE ASSEMBLY SETUP 

F i g u r e  4-21 : STRUCTURE FINAL ASSEMBLY BOND 
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main ta in ing  t h e  remaining s t r u c t u r e  above 225°F. 
s i d e  loads ,  i n  combination w i t h  h igh  temperatures reached,  induced channel 
displacement and bond f a i l u r e s  a t  some i n t e r c o s t a l s .  I n i t i a l  coupon p u l l  
tests had ind ica t ed  bbnd s t r e n g t h s  above 230 p s i  a t  250°F. This  is  about  
fou r  t i m e s  t h e  vacuum-bag load expected. The a c t i o n s  taken t o  assess t h e  
damage and r e p a i r  MTA-1 fo l low i n  Sec t ion  4.2.6. 

Prolonged vacuum-bag 

4.2.6 REPAIR OF MTA-1 

UvLique trepairt Z ~ c h v L i q ~ ~  WULQ deveRoped ZU nuccQnndlLeeg treptLitr ,the MTA-I 
h & f A a U  

Repair  of bond f a i l u r e  damage incu r red  i n  MTA-1 f i n a l  s t r u c t u r e  assembly 
bonding r equ i r ed  t h e  fol lowing a c t i o n s :  

1) Complete s t r u c t u r a l  i n s p e c t i o n  t o  i d e n t i f y  and record  t h e  damage 
incu r red  ; 

2) Determine t h e  cause(s )  of f a i l u r e ;  

3 )  Cor rec t ive  a c t i o n s  t o  c o n t r o l  t h e  cause(s )  of f a i l u r e ;  

4) Repair techniques t o  accomplish r e p a i r ;  

5) Repai r .  

An MTA-1 Repair  Committee w a s  e s t a b l i s h e d  t o  oversee t h e  above and coordi-  
n a t e  t h e  MTA-1 r e p a i r  p l a n  development. 

In spec t ion  t o  assess MTA-1 damage i d e n t i f i e d  1 9  f a i l u r e  areas. Damaged 
areas were loca ted  by t h r e e  methods: (1) f e e l e r  gage, (2) coin- tap tests, 
and (3) harmonic t e s t i n g .  Harmonic tests of bondl ines  (an experimental  
process  under.development by t h e  Materials and Processes  Laboratory)  showed 
c o r r e l a t i o n  wi th  vo ids  prev ious ly  i d e n t i f i e d  by co in  tapping and f e e l e r s .  
I n  add i t ion ,  suspec t  areas were i d e n t i f i e d  t h a t  were no t  picked up by coin- 
t a p  tests and f e e l e r s .  C o l l e c t i v e l y ,  t h e  damage i d e n t i f i e d  ranged from 
i n t e r m i t t e n t  adhesive f a i l u r e  wi thout  apparent  p a r t s  displacement t o  p a r t s  
displacement and bond f a i l u r e  accompanied by i n t e r c o s t a l  cap f r a c t u r e .  
F igure  4-22 i d e n t i f i e s  and desc r ibes  t h e  f a i l u r e  areas by loca t ion .  

Based on f i n d i n g s  of environmental  t e s t i n g  s imula t ing  t h e  MTA-1 cond i t ions  
-1 Repair Committee i d e n t i f i e d  seven causes  as con t r ibu t -  

temperature  of t h e  bonds exceeded 250°F. 

2) The creep  s t r e n g t h  of t h e  adhes ive  p e e l  and shea r  is  low and un- 

d by d e f l e c t i o n  of t h e  
channel con t r ibu ted  t o  t h e  stress i n  t h e  bond causing t h e  f a i l u r e s .  
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S t a t i c  load-carrying c a p a b i l i t y  is reduced i n  t h e  adhes ive  under load  
and e l eva ted  temperatures .  

Thermal g r a d i e n t s  between ad jacen t  p a r t s  were a f a c t o r  i n  t h e  f a i l u r e .  
Since thermocouples were no t  i n s t a l l e d  on i n t e r c o s t a l s ,  f u l l  eva lua t ion  
of g r a d i e n t s  w a s  no t  poss ib l e .  

Var i a t ions  i n  temperature  caused by excess ive  leaks i n  t h e  va  
con t r ibu ted  t o  t h e  f a i l u r e .  

F i t  of p a r t s  causing p r e s t r e s s i n g  of t h e  adhesive a l s o  w a s  a con t r ibu t -  
i n g  f a c t o r  t o  t h e  f a i l u r e .  

add i t ion ,  t h e  Repair Committee recommendations based upon f a i l u r e  causes  
w e r e  made relative t o  MTA-1 r e p a i r :  

1) Control  t h e  temperature  of t h e  bonded s t r u c t u r e  t o  keep i t  below 250°F. 

2) Maintain even temperature of t he  bonded s t r u c t u r e  throughout t h e  bond- 
ing  cyc le .  

3) A l l  bonds s h a l l  b e  loaded normal t o  t h e  bonding s u r f a c e  wi th  proper  
suppor t ,  dur ing cu re ,  so  t h a t  s i d e  and p e e l  l oads  are e l imina ted .  

4) P recau t ion  should b e  taken i n  prepar ing  t h e  vacuum bag t o  reduce 
leakage.  

Determine and use  t h e  minimum temperature range t h a t  is s a t i s f a c t o r y  
dur ing  t h e  f i n a l  bonding cyc le .  

5) 

6) Check t h e  e f f o r t  of extreme thermal g r a d i e n t s  on t h e  s t r e n g t h  of 
adhesive bonds. 

The a c t i o n s  taken t o  f u l f i l l  t h e  above recommendations are t abu la t ed  i n  
Table IV-2, 

Nine d i f f e r i n g  cond i t ions  requi red  r e p a i r  on MTA-1. F ive  of t h e  condi- 
t i o n s  were common t o  t h e  f a i l u r e  i n  t h e  f i n a l  s t r u c t u r e s  bonding, Sect ion 
4.2.5, wi th  f o u r  a d d i t i o n a l  cond i t ions  developing dur ing  t h e  r e p a i r  bond 
cyc le .  The cond i t ions  r epa i r ed  are shown i n  F igure  4-23. 

Accomplishing MTA-1 i n t e r c o s t a l  disassembly and removal r equ i r ed  a means 
t o  support  t h e  s u b s t r a t e  loads  normally c a r r i e d  through t h e  i n t e r c o s t a l s .  
Removal of d i sp l aced  i n t e r c o s t a l  channels and caps  (Figure 4-24) w a s  
i n i t i a t e d  fol lowing t r a n s f e r  of s u b s t r a t e  loads  t o  t h e  s u b s t r a t e  tension-  
i n g  frame through r e t r a c t o r  clamps bear ing  upon t h e  s u b s t r a t e  cap o r  i n t e r -  
f ac ing  wi th  the a u x i l i a r y  h inge  f i t t i n g s ,  as shown by F igure  4-24. 
ponents w e r e  s e l e c t i v e l y  removed, using a h igh - in t ens i ty  oxy-hydrogen 
flame t o  thermal ly  shock t h e  adhesive whi le  g e n t l y  pry ing  t h e  removal com- 
ponent. Components were removed wi thout  l o s s  due t o  f r a c t u r e .  A s  showi 
i n  F igure  4-24, component removal and disassembly va r i ed  from removal of 
bo th  channels and cap o r  removal of s i n g l e  channel  and cap,  and c u t t i n g  
and removal of f r a c t u r e d  cap. 

Com- 
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Displaced I n t e r c o s t a l  Channel 
(Vacuum Bag i n  P lace)  

Two Channels and Cap 
Removed 

S e l e c t i v e  Cap and Channel 
Removal 

Figure 4-24: REPAIR BOND DISASSEMBLY, MTA-1 

I n  accomplishing r e p a i r  of MTA-1, s p e c i a l  tests w e r e  conducted t o  eval- 
u a t e  r e p a i r  techniques.  
r e p a i r  of MCA-1 are t abu la t ed  by condi t ion  i n  Table IV-3. 

During p repa ra t ion  f o r  t h e  r e p a i r  bond cyc le ,  a bowed condi t ion  w a s  iden- 
t i f i e d  i n  t h e  MTA-1 s t r u c t u r e .  
s t r a i g h t e n  t h e  subpanel.  
steel p r o t e c t o r  p l a t e  loads  upon t h e  s u b s t r a t e .  

The r e p a i r  techniques developed and s e l e c t e d  f o r  

Consequently, p rovis ions  w e r e  made t o  
Bow removal w a s  a precaut ion  t o  preclude undue 
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Table IV-2:  MTA-1 FAILURE COMMITTEE RECOMMENDATIONS 

F a i l u r e  Committee Recommendations 

A l l  bonds s h a l l  be  loaded normal 
t o  t h e  bonding s u r f a c e  dur ing  
cure.  

Con t ro  1 t h e  temperature  of bonded 
s t r u c t u r e  t o  keep i t  w i t h i n  250°F. 

Maintain even temperature  of 
bonded s t r u c t u r e  throughout t h e  
bonding cyc le .  

U s e  t h e  minimum temperature  range 
t h a t  i s  s a t i s f a c t o r y  dur ing  t h e  
f i n a l  bond cyc le .  

Precaut ion  should be  taken i n  pre- 
pa r ing  vacuum bag t o  reduce leak- 
age.  

Check t h e  e f f e c t s  of extreme 
thermal g r a d i e n t s  on s t r e n g t h  of 
adhes ive  bonds. 

Resu l t an t  ActZons 

Added p r o t e c t o r  p l a t e s  (Figure 4-25) 
w i t h  steel  ang le s  t o  c a r r y  vacuum-bag 
s i d e  load .  

a. 

b.  

C .  

a .  

b.  

C .  

(No 

Added e i g h t  a u x i l i a r y  h e a t i n g  
b l anke t s  about  s t r u c t u r e  per imeter .  

Reduced heat-up rate i n  coming up 
t o  t h e  225 t o  250°F c u r e  tempera- 
t u r e  t o  f a c i l i t a t e  f i n e r  h e a t  ad- 
jus tments .  

Added 11 a d d i t i o n a l  thermocouples, 
making a t o t a l  of 27 thermocouples 
sens ing  s t r u c t u r e  and bond p l a t e n  
temperature.  

Added Osnaberg c l o t h  under vacuum 
bag. 

Revised vacuum i n l e t  p o r t  t o  b e  
independent of vacuum-bag seal. 

Padded sharp p ro t rus ions  and f a i r e c  
i n t e r s e c t i o n s  w i t h  wadded aluminum 
f o i l .  

f a b r i c a t i o n  impact .) 

The r e p a i r  bond cyc le  w a s  accomplished on J u l y  1 2 ,  1 9 6 8 ,  fo l lowing  a 6- 
week prepara tory  per iod .  
c l o t h  (Figure 4-26) improved vacuum-bag performance. Leakage w a s  no t  a 
problem. 
s u r e s  t o  c l i p  angles  (Figure 4-26) and s p l i c e  p l a t e s .  The a u x i l i a r y  
h e a t i n g  b l anke t s  (Figure 4 - 2 6 ) ,  a d d i t i o n a l  thermocouples, and t h e  s lower 
heat-up rate were ins t rumen ta l  i n  maintaining the s t r u c t u r e  w i t h i n  t h e  
s p e c i f i e d  2 2 5 ' t o  250°F cure  temperature  requirements .  With an  except ion 
along t h e  upper edge member, t h e  steel  p r o t e c t o r  p l a t e s  worked w e l l  i n  

The f i t t e d  steel  p r o t e c t o r  p l a t e s  and Osnaberg 

Molded rubber  p re s su re  pads w e r e  used t o  t r a n s f e r  bonding p r e s -  
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1 1 / 2  x 

Darkside I n t e r c o s t a l  
S i l i c o n e  Rubber 

Vacuum Bag 

Osnaberg Cloth [ s i l i cone ,  
Rubber 

1 1 / 2  x 114 STL Angle 

S u b s t r a t e  
3/16 S t e e l  P l a t e  

Condit ion 

P l a t e  

I n s u l a t i o n  

Typica l  i n t e r c o s t a l  c ross -sec t ion  

Figure 4-25: R E P A I R  BOND S E T U P  

. Table IV-3:  MTA-1 REPAIR TECHNIQUES 

Repair  Technique 

1. S p l i c e  P l a t e  and .Warm bondl ine  area and remove c l i p  o r  s p l i c e  

.Scrape adhes ive  off  removed component. 

.Abrade off  primer using Scotch B r i t e .  

.Etch-clean and prime p e r  D2-113354-1. 

.Pos i t ion  and bond per D2-113354-1. 

C l i p  Bond F a i l u r e  p l a t e .  

2. Cap Bond F a i l u r e  .Warm bondl ine  area and remove d i sp laced  

.Scrape adhes ive  off removed components. 

0 Penet ran t - inspec t  components. 
.Etch-clean and prime f o r  bond pe r  D2-113354-1. 
.Posi t ion and bond p e r  D2-113354-1 us ing  

and Channel components. 
Displacement--- 
One S ide  Only .Abrade of f  primer using Scotch B r i t e .  

channel  space r .  
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C ond i t  i on 

3. Cap Bond F a i l u r e  
and Channel 
Displacement--- 
Both Sides  

Table  I V - 3  (cont)  
Repair Technique 

Warm bondl ine  area and remove d i sp laced  

0 Remake f r a c t u r e d  caps.  
0 Scrape adhesive o f f  removed components. 
0 Abrade o f f  primer us ing  Scotch B r i t e .  
0 Penet ran t - inspec t  components. 
0 Etch-clean and prime f o r  bond p e r  

D2-113354-1. 
0 Subassemble and bond cap and channels  pe r  

D2-113354-1. 
0 P o s i t i o n  and bond p a r t i a l  s t i c k  p e r  

D2-113354-1 us ing  channel  space r .  

components. 

4. I n t e r m i t t e n t  Bond 0 Locate and i d e n t i f y  area us ing  nondes t ruc t ive  
Failure--- methods. 
V i s i b l e  Channel 
Displacement 7503 t e f l o n  tape .  

0 Seal  area about open-bond area wi th  Mystic 

0 Apply AF-126 l i q u i d  adhes ive  by i n j e c t i n g  
through t e f l o n  t ape  w i t h  No.  18-20 gage 
hypodermic needle  on syr inge .  

0 A s s i s t  c a p i l l a r y  a c t i o n  by s l i g h t l y  working 
j o i n t  p a r t s .  

0 Remove tape .  
0 Bond and c u r e  pe r  D2-113354-1. 

5. Cap F r a c t u r e  

6. Bond Failure--- 
UEM 

Scr ibe  t r i m  cap. 
0 Warm bondl ine  and remove f r a c t u r e  area. 
0 F a b r i c a t e  r e p a i r  cap and s p l i c e  p l a t e  p e r  

0 P o s i t i o n  and bond p e r  D2-113354-1. 
D2-113354-1. 

0 Locate and i d e n t i f y  f a i l u r e  areas. 
0 S e a l  about  open-bond areas wi th  Myst ic  7503 

0 Apply XA 2327 adhesive i n t o  voided areas by 
t e f  l o n  t ape  

i n j e c t i n g  through t e f l o n  t ape  wi th  No. 18-20 
gage hypodermic needle  on syr inge .  

0 Remove tape .  
0 Cure f o r  5 hours  a t  200°F under c o n t a c t  

p re s su re .  

7 .  Void F i t t i n g  t o  0 Locate and i d e n t i f y  f a i l e d  area. 
S u b s t r a t e  Cap--- 
Darks i d e  

0 F i l l  voided area w i t h  BMS 5-29, Type 11. 
0 Cure f o r  24 hours  a t  room temperature  under 

c o n t a c t  p re s su re .  

8 S p l i c e  P l a t e  L i f t -  
& i n g  and Lack of 
9 F i l l e t  maximum. 

0 F i l l  voided areas w i t h  BMS 5-25 adhes ive ,  
0 Local ly  h e a t  and cure f o r  6 hours  at  200°F 
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Repair Bond Setup P r o t e c t o r  P l a t e  and 
Pressure  Pad Detail 

Auxi l ia ry  Heating Blankets Edge Member Repair 

Figure 4-26: MTA-1 R E P A I R  

c o n t r o l l i n g  vacuum-bag s i d e  loads.  Along t h e  upper edge member, an e r r o r  
i n  load path a n a l y s i s  allowed d e f l e c t i o n  t h a t  induced loadings s u f f i c i e n t  
t o  f a i l  t h e  bonds. I n  a d d i t i o n ,  vacuum-bag b r i d g i n g  a t  t h e  dead-weight 
support  p l a t e  caused p a r t i a l  voids  i n  s p l i c e  p l a t e  bonds a t  two l o c a t i o n s  
across  t h e  diagonal  brace.  

The i n i t i a l  r e p a i r  bond c y c l e  w a s  followed by l o c a l i z e d  r e p a i r s  of t h e  
upper edge member. Two r e p a i r s  of t h e  upper edge member w e r e  made using 
Minnesota Mining and Manufacturing XA 2327 adhesive cured f o r  5 hours  a t  
200°F. 
tests t h a t  showed minimum u l t i m a t e  tensile s t r e n g t h  of 1,685 p s i  a t  167°F 
i n  specimens s imula t ing  r e p a i r s  of f a i l e d  AF-126 f i l m  adhesive.  The 
adhesive w a s  s e l e c t e d  t o  minimize t h e  hea t ing  of t h e  remaining s t r u c t u r e .  
Repair of t h e  bond between channels and cap s t r i p s  w a s  accomplished by 

U s e  of XA 2327 w a s  approved f o r  r e p a i r  following l a p  shear  p u l l  
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i n j e c t i n g  XA 2327 i n t o  t h e  f a i l e d  j o i n t  and by l o c a l l y  hea t ing  wi th  a 
s t r i p  b l anke t  (F igure  4-26) t o  200°F f o r  5 hours wh i l e  holding t h e  bal-  
ance of t h e  s t r u c t u r e  a t  about 125°F. The f i r s t  r e p a i r  bonded t h e  ca?s 
s u c c e s s f u l l y  b u t  d i d  not  r e s t o r e  t ens ion  i n  t h e  s u b s t r a t e  a t  t h e  upper 
right-hand i n t e r c o s t a l .  Subsequently, one g u s s e t  and two c l i p s  w e r e  
removed and one g u s s e t  loosened a t  t h e  s u b s t r a t e  level. S u b s t r a t e  ten- 
s i o n  w a s  app l i ed  and t h e  c l i p s  and g u s s e t s  were s u c c e s s f u l l y  rebonded 
wi th  XA 2327. The r e p a i r e d  MTA-1 is  shown i n  F igure  4-27. . 

F igure 4-27: REPAIRED MTA-1 

The one bond f a i l u r e  la ter  i d e n t i f i e d  between t h e  EB-welded f i t t i n g  and 
s u b s t r a t e  cap a t  S t a t i o n  123.70 w a s  f i l l e d  wi th  BMS 5-29, Type 11, adhe- 
s i v e  and room-temperature cured f o r  24 hours.  

Repair of degraded s p l i c e s  w a s  accomplished by i n j e c t i n g  BMS 5-25 i n t o  
t h e  voided areas. 
areas, p r imar i ly  along t h e  upper edge member, which had f a i l e d  t o  f i l l e t .  
BMS 5-25 w a s  cured a t  120 t o  135°F f o r  6 hours.  The BMS 5-25 r e p a i r s  
t h a t  w e r e  accomplished concurren t  w i th  MTA-1 f i n a l  assembly concluded 
r e p a i r  of MTA-1. 

Add i t iona l  BMS 5-25 r e p a i r s  w e r e  made t o  f i l l  l o c a l i z e d  
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4.2.7 MTA-1 FINAL ASSEMBLY 

lm,W..htLan 06 ;the dAUea;ted puwm ~ya; tm wu accompUhed uli;th aimpfi6ied 
t o o t i n g .  

The f i n a l  assembly f o r  MTA-1 proceeded after a l l  s t r u c t u r e  assembly w a s  
complete. The assembly w a s  accomplished i n  t h r e e  bond cyc le s .  The bond- 
ing  w a s  cured a t  room temperature.  The f i r s t  cyc le  w a s  f o r  bonding s o l a r -  
ce l l  modules t o  s u b s t r a t e ;  t h e  second f o r  Sunside bus b a r s  t o  s p a r s ;  and 
t h e  t h i r d  f o r  da rks ide  bus b a r s  t o  s p a r s .  A f t e r  bonding, a l l  of t h e  
electrical  in t e rconnec t ions  w e r e  made from buses  t o  l ive c e l l  modules 
'by so lde r ing .  

I n  p repa ra t ion  f o r  l i v e  ce l l  module and s imulated module i n s t a l l a t i o n ,  a 
thermal c o n t r o l  coa t ing  of RTV-40 was  sprayed on t h e  backs ide  of each 
module t o  o b t a i n  a cured th ickness  of 2 m i l s ,  
wi th  SS-4044 s i l i c o n e  primer preceded t h e  RTV-40 a p p l i c a t i o n .  
ing  w a s  appl ied  i n  two coa t s  wi th  t h e  modules i n  a h o r i z o n t a l  p o s i t i o n  
t o  e l i m i n a t e  sags  and runs .  Cure w a s  a t  room temperature  f o r  a maximum 
of 24 hours .  Low-tack p l a s t i c  t ape  had been appl ied  t o  t h e  Sun s u r f a c e  
of t h e  live cel l  modules t o  mask t h e  sp ray ,  p r o t e c t  cells from damage, 
and f a c i l i t a t e  handl ing.  

Cleaning and spray  priming 
The coat-  

So la r - ce l l  modules and s imulated modules were manually loca t ed  and then  
bonded, us ing  a s i m p l i f i e d  t o o l i n g  concept i l l u s t r a t e d  i n  Figure  4-28. 

ncept  e l imina ted  t h e  c o s t l y  f i l l e r  blocks and module space r s  o r i -  
proposed. The FEP-film-covered Styrofoam and polyurethane-sponge 

f i l l e r  blocks w e r e  assembled and p r e f i t t e d  i n t o  t h e  spaces  formed by s p a r s  
and i n t e r c o s t a l s  on t h e  da rks ide  of t h e  pane l ,  as shown i n  F igure  4-28. 
The r equ i r ed  th ickness  of sponge w a s  predetermined by t e s t i n g  t o  provide  
a n  approximately level p lane  wi th  t h e  ou te r  s u r f a c e  of t h e  s t r u c t u r e  mem- 
b e r s  a f t e r  compression by t h e  vacuum bag f o r  bonding p res su re .  The sub- 
s t ra te  w a s  c leaned by wiping wi th  MER, then  primed by spraying wi th  
SS-4044 primer.  
and t h e  vacuum bag, Osnaberg c l o t h ,  and f i l l e r  blocks i n s t a l l e d .  The 
pane l  w a s  supported so t h a t  a space  w a s  maintained between t h e  s u b s t r a t e  
and t h e  FEP covering on t h e  f i l l e r  blocks.  
RTV-40 w a s  app l i ed  t o  t h e  s u b s t r a t e  w i th  a polyurethane-sponge-covered 
p a i n t  r o l l e r .  
t h a t  would n o t  exceed a weight of 0.15 gram on a 10-ce l l  area. 
a t e l y  after completing a s u i t a b l e  working area, the  cel l  modules w e r e  
pos i t i oned  on t h e  s u b s t r a t e .  
s p a r s  provided s t r u c t u r e  r e f e r e n c e  l o c a t i o n  and shim t o o l s  pos i t i oned  t o  
t h e  edge of previous modules determined t h e  module spacing.  
a p p l i c a t i o n  and module pos i t i on ing  i s  shown i n  F igure  4-29. 
laydown w a s  completed w i t h i n  2 hours .  
module s u r f a c e  as t h e  work progressed ac ross  t h e  panel .  Immediately a f t e r  
t h e  l as t  module w a s  pos i t i oned ,  t h e  3/16-inch-thick masoni te  s h e e t s  w e r e  
placed on t h e  modules t o  provide a smooth and r i g i d  p re s su re  s u r f a c e .  
Breather  c l o t h  and p l a s t i c  vacuum-bag material w a s  app l i ed  and sea t ed .  

The panel  w a s  placed on t h e  bonding t a b l e ,  da rks ide  down, 

Catalyzed and deaera ted  

The technique w a s  predetermined so  as t o  apply a coa t ing  
Immedi- 

Spacers  clamped t o  t h e  i n s i d e  s u r f a c e  of 

Adhesive 
The module 

FEP p a r t i n g  f i l m  w a s  l a i d  on t h e  
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V.ir uuni Seal  r 7 
S u b s t r a t e  

I / 16- i n .  Elason i t e 

Sun-6 i tl,, Frame 
Osnaherg C l o t h  

So h r  C e  11s 

J\  Osnaherg C l o t h  

'I Dark-Side Plus t i c 
\~ocuum Hdg 

Figure 4-28: MODULE BONDING 

A vacuum w a s  pu l l ed  t o  apply a 1-pound-per-square-inch atmospheric pres-  
s u r e  on both s i d e s  of t h e  assembly. The app l i ed  load  w a s  he ld  and moni- 
to red  f o r  6 , h o u r s ,  t h e  vacuum r e l e a s e d ,  and t h e  assembly allowed t o  cu re  
f o r  a t o t a l  of 48 hours  be fo re  work proceeded. The vacuum bag, p r e s s u r e  
p l a t e s ,  and p r o t e c t i v e  t a p e  w e r e  then  removed. 

While t h e  pane l  w a s  s t i l l  i n  t h e  Sunside-up p o s i t i o n  on t h e  bonding t a b l e ,  
t h e  copper bus b a r s  and b racke t s  f o r  i n t e r p a n e l  bus connect ion were 
bonded i n  p l ace .  
brush priming wi th  SS-4155 primer,  applying a bead of RTV-630 wi th  a 
sy r inge ,  p o s i t i o n i n g  t h e  bus b a r s  on t h e  adhes ive ,  and applying r i g i d  
p r e s s u r e  b a r s .  P r e s s u r e  w a s  appl ied  by hand u n t i l  excess  adhes ive  w a s  
squeezed from t h e  bondl ine ;  then  t h e  assembly w a s  taped o r  clamped t o  
t h e  s t r u c t u r e ,  as shown i n  F igure  4-29, u n t i l  t h e  adhes ive  w a s  cured. 
The panel  w a s  turned over  and t h e  ope ra t ion  repea ted  f o r  t h e  aluminum 
bus b a r s  and t h e i r  b r a c k e t s  on t h e  da rks ide  of t h e  pane l .  

The ope ra t ion  cons i s t ed  of c leaning  t h e  s p a r  s u r f a c e ,  

After t h e  minimum cure  per iod  of 48 hours  f o r  bus b a r  bonding, t h e  f i n a l  
ope ra t ions  of c leanup,  d iode  i n s t a l l a t i o n ,  module in t e rconnec t ion ,  and 
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P r e f i t  F i l l e r  Blocks Apply RTV 40 Adhesive 
P o s i t i o n  Solar -Cel l  Module 

Bond Bus Bars t o  t h e  Beryllium S t r u c t u r e  

Figure 4-29: SOLAR-CELL MODULE AND BUS BAR INSTALLATIONS 

module t o  bus b a r  and diode so lde r ing  w e r e  performed. Because of t h e  
l a r g e  s i z e  of t h e  pane l ,  i t  w a s  p o s s i b l e  t o  perform t h e s e  ope ra t ions  
simultaneously wi th  s e v e r a l  ope ra to r s  wi thout  i n t e r f e r e n c e .  Excess 
adhesive w a s  removed by trimming and penci l - type  s o l d e r  i r o n s  w e r e  used 
f o r  making s o l d e r  j o i n t s  w i th  convent iona l  t i n  l ead  s o l d e r  w i th  2% s i lver .  
A f i n a l  i n s p e c t i o n  of t h e  complete i n s t a l l a t i o n  concluded t h e  MTA-1 
f a b r i c a t i o n .  
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4.3 QUALITY ASSURANCE 

The P&-tcLieed QuaLLtq Aaawtance Plan  states t h a t  des ign ,  development, 
f a b r i c a t i o n ,  assembly, and test of MTA-1 w i l l  be  sub jec t ed  to "complete 
Qua l i ty  Assurance" and exp la ins  j u s t  what t h i s  e n t a i l s .  
have t r e a t e d  design,  development, and sof tware  coverage of MTA-1; a 
summary of f a b r i c a t i o n ,  assembly, and test are d iscussed  i n  t h i s  r e p o r t .  

P a s t  r e p o r t s  

So la r - ce l l  and coverg lass  f a b r i c a t i o n  progressed normally u n t i l  mid- 
January 1968, when ce l l  r e j e c t i o n s  increased  due t o  con tac t  pee l .  A s  
a r e s u l t  of t h i s  c e l l  d e f e c t ,  f a b r i c a t i o n  and c o n t r o l  of s o l a r - c e l l /  
covqrglass  assemblies  w e r e  suspended by program change order .  
7 e f f o r t ,  added t o  t h e  program by Cont rac t  Change Notice 622, rep laced  
t h e  o r i g i n a l  s o l a r - c e l l  p l a n .  This  r e s u l t e d  i n  adding s imulated cells 
and s i x  modules of l i ve  cells t o  MTA-1 i n  p l a c e  of a l l  l i ve  cells. 
Rejec t ions  i n  Task 7 cons i s t ed  of 70 l ive and 45 s imulated cells t h a t  
w e r e  a l l  d i spos i t i oned  "use-as-is." 
r e f e r r e d  t o  cons i s t ed  of c e l l  and/or  coverg lass  breaks and cracks. 

The Task 

The l ive and s imulated ce l l  d e f e c t s  

Beryll ium processing cons i s t ed  of vary ing  degrees  of i n s p e c t i o n  d i c t a t e d  
by process  sequence and t h e  n a t u r e  of suspected d e f e c t  condi t ions .  The 

. Qual i ty  Cont ro l  p lan ,  e a r l y  i n  Phase 11, i d e n t i f i e d  t h a t  pene t ran t -  
i n s p e c t i o n  of a l l  bery l l ium p a r t s  a t  s p e c i f i c a l l y  des igna ted  t i m e s  dur- 
i ng  processing w a s  necessary.  Eddy c u r r e n t  techniques w e r e  used as 
backup t o  provide d e t a i l e d  d a t a  on apparent  d e f e c t s ,  s o  t h a t  t h e  most 
cost-conscious and b e s t  engineer ing dec i s ions  could b e  provided f o r  
each p a r t  d e f e c t .  The next  major q u a l i t y  c o n t r o l  e f f o r t  took p l a c e  as 
bery l l ium channels and s t r i p s  were bonded i n t o  sticks. The last  process  
s t a g e  cons i s t ed  of l o c a t i n g  and bonding t h e  bery l l ium-s t ick  assemblies  
t o  make u p ' t h e  MTA-1 t es t  pane l .  H i s t o r i c a l  and d iscrepancy  d a t a  on a l l  
of t h e  above work w a s  recorded and is being r e t a i n e d ,  and is  summarized 
i n  F igures  4-30 and 4-31. 

Details concerning t h e  r e p a i r  t o  MTA-1 subsequent t o  bond f a i l u r e s  t h a t  
occurred i n  bonding t h e  Sunside and darks ides  toge the r  are contained i n  
t h e  f a i l u r e  mode and a n a l y s i s  r e p o r t .  Records w e r e  kep t  on t h i s  opera- 
t i o n  as explained above f o r  t h e  preplanned MTA-1 ope ra t ions .  I n  addi- 
t i o n ,  an MTA-7 Con&&.&.cdkJa Summahg w a s  r e l eased ;  th is  document conta ins  
f i n a l  conf igu ra t ion  d a t a  and a b r i e f  explana t ion  of d i sc repanc ie s  t h a t  
occurred i n  all MTA-1 work. 

F igu re  4-30 compares t h e  number of r e j e c t i o n  r e p o r t s  w r i t t e n  dur ing  
p a r t i c u l a r  MTA-1 manufacturing o r  procurement ope ra t ions .  
of r e p o r t s  w e r e  w r i t t e n  dur ing  f a b r i c a t i o n  of s o l a r  cells and unbonded 
beryl l ium. The assembly ope ra t ion  r e j e c t i o n s  shown i n c l u d e  t h e  MTA-1 
f i n a l  bond f a i l u r e  cond i t ion  and r e p a i r .  Procurement, r ece iv ing ,  and 
miscel laneous opera t ions  r e s u l t e d  i n  r e l a t i v e l y  fewer r e j e c t i o n s .  

The ma jo r i ty  

Rework 
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of d e f e c t i v e  p a r t s  allowed approximately one t h i r d  of MTA-1 r e j e c t i o n s  
t o  b e  accepted f o r  u s e  during each of t h e  func t ions  shown i n  F igure  4-30. 
Approximately 15% of t h e  t o t a l  r e j e c t i o n  r e p o r t s  w r i t t e n  i n  a l l  func t ions  
of F igure  4-30 r e s u l t e d  i n  a "scrap" d i s p o s i t i o n .  

F igure  4-31 f u r t h e r  d e f i n e s  MTA-1 r e j e c t i o n  r e p o r t s  by comparing rejec- 
t i o n s ,  d i s p o s i t i o n s ,  and material being processed. This  i n d i c a t e s  t h a t  
t h e  ma jo r i ty  of s c r a p  cons i s t ed  of s o l a r  cel ls ,  t h e  b a s i c  cause  being 
t h e  c o n t a c t  p e e l  cond i t ion  previous ly  mentioned. Re jec t ion  r e p o r t s  (4%) 
of bery l l ium r e s u l t e d  i n  scrapping 15  p a r t s .  

F igures  4-30 and 4-31 reveal t h a t  approximately one h a l f  of a l l  r e j e c t i o n  
t ag  d i s p o s i t i o n s  were "use-as-is." 
some engineer ing requirements  r equ i r ed  r e v i s i o n  as a r e s u l t  of processing 
experience gained. The r e v i s i o n s  made t o  engineer ing requirements allowed 
fewer accep tab le  p a r t s  t o  be  r e j e c t e d  during t h e  l a t te r  p a r t  of Phase 11. 
This experience w i l l  b e n e f i t  f u r t h e r  LASA work, a l lowing f i n e r  d e f i n i t i o n  
of d e f e c t i v e  p a r t  condi t ions .  

This  last f a c t  made i t  apparent  t h a t  

F i n a l  i n spec t ions  of MTA-1, performed be fo re  and a f t e r  v i b r a t i o n  tests, 
i n d i c a t e  t h a t  t e s t i n g  con t r ibu ted  no s t r u c t u r a l  degrada t ion  t o  t h e  test 
a r t ic le ,  

4.4 VIBRATION TESTING OF MTA-1 

The MTA-1 v i b r a t i o n  t e s t i n g  w a s  conducted i n  t h e  l a r g e  vacuum chamber of 
t h e  Boeing Space Div i s ion  l abora to ry  i n  August 1968. This  test w a s  run  
t o  o b t a i n  t h e  dynamic c h a r a c t e r i s t i c s  of a s i n g l e  subpanel  of t h e  Large 
Area So la r  Array i n  both a i r  and 1/20 atmosphere. 

This  s e c t i o n  desc r ibes  t h e  test  f i x t u r e s ,  test conduct,  and test r e s u l t s  
and a n a l y s i s .  

4.4.1 DESIGN AND FABRICATION OF THE VIBRATION TEST FIXTURE 

The hinge-free mounting of MTA-1 minimizes damping from t h e  test  f i x t u r e  
a t tachments  and provides  t h e  b e s t  test d a t a  wi th  t h e  least complicated 
test  se tup .  The f i x t u r e  c o n s i s t s  of two primary s t r u c t u r e s .  The MTA-1 
holding f i x t u r e  (F igure  4-32) is a steel framework of modified A-frame 
cons t ruc t ion .  Three s imula ted  s p a c e c r a f t  h inges  a t t a c h  t o  t h e  MTA-1 
hinges.  The weight of t h e  subpanel  i s  removed from t h e  h inges  through 
c a b l e  ties a t  t h e  h i n g e l i n e  and a t  S t a t i o n  123, t h e  approximate f i r s t -  
node po in t .  

The v i b r a t o r  holding f i x t u r e  i s  an L-shaped steel s t r u c t u r e  t h a t  l o c a t e s  
two 25-pound shakers  w i t h  24-ounce v o i c e  c o i l s  a t  t h e  f r e e  end ( S t a t i o n  
169.9) of t h e  subpanel.  The armatures of t h e  v i b r a t o r s  a t t a c h  t o  t h e  
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Figure 4-32: MTA-1 INSTALLED I N  VIBRATION TEST FIXTURE 

subpanel outboard s p a r s  through f l e x  rods a t t ached  t o  s p a r  clamps. The 
f l e x  rods al low movement of t h e  subpanel .  

4.4.2 TEST C O ~ U C T  AND DESCRIPTION 

The canduct 04  khe MTA-7 vib/ra&ion tat m e X  khe k a t  o b j e c k i v ~ l l  dedined 
in Phccne 11. 

The MTA-1 subpanel w a s  i n s t a l l e d  i n  t h e  f i x t u r e  i n  a ver t ica l  p o s i t i o n  
suspended by two steel  w i r e s  and t i e d  t o  t h e  f i x t u r e  by t h e  t h r e e  hinge 
b o l t s .  The s t r a i n  gages and accelerometers  w e r e  i n s t a l l e d  a t  the  loca- 
t i o n s  s p e c i f i e d  i n  t h e  test procedure.  

The test f i x t u r e ,  wi th  t h e  MTA-1 i n s t a l l e d ,  w a s  mounted on t h e  f l o o r  of 
t h e  space  chamber and t h e  v i b r a t o r  pos i t ioned  as shown i n  F igure  4-33. 

Tests w e r e  run  i n  a i r  f i r s t .  A low-level sweep from 7 t o  40 Hz w a s  used 
f o r  t h e  bending modes and 3 t o  30 Hz f o r  t h e  t o r s i o n  modes. The sweep 
rate w a s  2 octaves pe r  minute .  

Two bending modes, 15.3 and 37.5 Hz, and one t o r t i o n a l  mode, 5.9 Hz, w e r e  
s e l e c t e d  t o  o b t a i n  a record  of decaying o s c i l l a t i o n s  from a s t a b i l i z e d  
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level. A sweep between 25 and 45 Hz w a s  s e l e c t e d  f o r  t e s t i n g  a t  an  
e x c i t a t i o n  level t h a t  would cause s u b s t r a t e  displacement comparable t o  
t h e  maximum expected f o r  t h e  stowed a r r a y .  This procedure w a s  then  
repea ted  i n  a vacuum equ iva len t  t o  1/20 atmosphere. 

The s e l e c t e d  bending modes i n  t h e  vacuum, f o r  decay measurements, w e r e  
a t  15.5 and 37.7 Hz. The t o r s i o n a l  mode s e l e c t e d  w a s  6 . 1  Hz .  

Runs w e r e  made a t  t h e  maximum permi t ted  vo ice  c o i l  c u r r e n t  ( e l e c t r i c a l )  
l e v e l  s e t t i n g  f o r  t h e  f i r s t  and second modes i n  a i r  and vacuum and f o r  
t h e  f i r s t  t o r s i o n a l  mode i n  a i r  and vacuum. 

4.4.3 TEST RESULTS AND ANALYSIS 

A hukin@L&O&y upp)wxim&an ad dumping do& u ningRe a u b p a n d  h a  been 
mude @am MTA-1 ;tank ~L~AuAXA. 

The damping va lues  measured from p ro to type  Subpanel 1 tests, i n  terms of 
t h e  magni f ica t ion  f a c t o r  Q ,  are shown i n  F igure  4-34. 
f o r  t h e  Phase 11 SCS-43 tests are superimposed. 

Approximate va lues  
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Figure  4-34: EFFECT OF PRESSURE ON DYNAMIC MAGNIFICATION FACTOR Q 

A s  shown i n  Figure  4-35 ,  a peak stress of 9,500 l b / s q  i n .  w a s  a t t a i n e d  
during a maximum ampli tude r u n  i n  a i r  a t  t h e  f i rs t -mode bending frequency. 
A maximum a c c e l e r a t i o n  of 37 g w a s  reached on a s u b s t r a t e  a t  t h e  f r e e  
end of t h e  pane l  during a subsequent bending sweep. N o  damage t o  t h e  
s t r u c t u r e  o r  t o  l i ve  o r  s imulated s o l a r  cells w a s  observed due t o  t h e  
test environment, 

Comparison of t h e  measured resonant  f requencies  i n  vacuum, wi th  a n  ana ly t -  
ical  c a l c u l a t i o n ,  shows accep tab le  agreement f o r  t h e  f i r s t  t o r s i o n  and 
bending modes. The measured and ca l cu la t ed  f requencies  i n  a i r  and vacuum 
are shown i n  Table I V - 4 .  
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Table IV-4:  MEASURED AND CALCULATED FREQUENCIES I N  A I R  AND VACUUM 

A i r  Vacuum 
Mod e Calcula ted  Measured Calcula ted  Measured - 
Is t Tors ion  

Is t Bending 

2nd Tors ion  

2nd Bending 
( P l a t  e? ) 

5.47 5 .9  

12 .54  15 .3  

18.7 23.7 

21.3 

21.7 

21.8 

21.9 

37.5 

6.07 6 . 1  

14.9  15 .6  

22.9 

31.6 

32.4 

33 .1  

33.2 

33.4 

33.4+ 

37.7 

26 

29 
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The second-bending mode e x h i b i t s  s m a l l  motions of t h e  s t r u c t u r a l  elements 
similar t o  p l a t e  modes, wi th  l a r g e  motions measured on some of t h e  sub- 
strates. The resonant  frequency i s  thus  s t r o n g l y  dependknt on t h e  b a s i c  
frequency of t h e  s u b s t r a t e  bays. The a c t u a l  b a s i c  f requencies  f o r  t h e  
s u b s t r a t e s  of MTA-1 may have been h igher  o r  lower than  the  va lue  used i n  
t h e  a n a l y s i s  for several reasons.  

The p r e t e n s i o n  load  i n  t h e  tapes  b e f o r e  bonding is based on  a va lue  t h a t  
w i l l  r e s u l t  i n  t h e  d e s i r e d  s u b s t r a t e  frequency f o r  a s i n g l e  frame where 
a l l  f o u r  edges are d i s t o r t e d  a t  t h e  equi l ibr ium cond i t ions .  
of frames, such as t h e  MTA-1 pane l ,  t h e  d i s t o r t i o n  of i n t e r i o r  members 
can b e  less, because only a d i f f e r e n t i a l  t ens ion  between ad jacen t  bays 
loads t h e  member. The f u l l - t e n s i o n  load  must b e  taken a t  t h e  edge mem- 
b e r s ,  which f o r  MTA-1 are s t i f f e r  than  t h e  t y p i c a l  pane l .  Since r e p a i r s  
w e r e  made t o  MTA-1, some tens ions  may have been reduced o r  increased .  
The o v e r a l l  e f f e c t  could b e  a v a r i a t i o n  of t e n s i o n  i n  t h e  s u b s t r a t e  bays,  
wi th  r e s u l t a n t  increased  o r  decreased f requencies  f o r  t h e  i n d i v i d u a l  bays.  

For a system 

The measured response va lues  f o r  t h e  second-bending mode a t  37 H z  show 
peak va lues  on t h r e e  of f o u r  s u b s t r a t e s ,  wi th  n e g l i g i b l e  peaking near  
28 Hz. On one s u b s t r a t e  and on ad jacen t  s t r u c t u r a l  members, low-level 
peaks appear a t  28 Hz. Low-level response of modes near  3 1  Hz are pre- 
d i c t e d  by t h e  a n a l y s i s ,  which shows a node c l o s e  t o  t h e  e x c i t a t i o n  sta- 
t i o n s ;  t h e  consequent low e f f e c t i v e  d r i v i n g  f o r c e  would b e  expected t o  
r e s u l t  i n  low-level response peaks.  S ince  t h e  s t r u c t u r a l  r e p r e s e n t a t i o n  
of t h e  beams and i n t e r c o s t a l s  w a s  adequate ,  as evidenced by t h e  lower- 
frequency modes, i t  i s  concluded t h a t  v a r i a t i o n  i n  s u b s t r a t e  t ens ion  
con t r ibu ted  t o  t h e  d i f f e r e n c e s  between t h e  measured and c a l c u l a t e d  f r e -  
quencies ,  and t h a t  adequate  e f f e c t i v e  s e p a r a t i o n  of t h e  s u b s t r a t e  reson- 
ances  w i t h  t h e  c r i t i c a l  a r r a y  mode frequency w i l l  b e  achieved. 

Comparison of t h e  measured resonant  f requencies  i n  a i r  t o  t h e  f requencies  
c a l c u l a t e d  wi th  assumed incrementa l  mass of a i r  do n o t  show c l o s e  cor res -  
pondence. ' F o r  bo th  t h e  low- and high-frequency modes, t h e  presence  of 
ad jacen t  out-of-phase motion of t h e  pane l  could c o n t r i b u t e  t o  a lower 
e f f e c t i v e  a i r  m a s s ,  b u t  n o t  t o  t h e  degree  ind ica t ed  by t h e  frequency 
d i f f e r e n c e s .  Fu r the r ,  comparison of t h e  measured in-air and in-vacuum 
f requencies  shows only s m a l l  r educ t ion  due t o  a i r .  Examination of t h e  
i n s t a l l a t i o n  conf igu ra t ion  w i t h i n  t h e  vacuum chamber and cons ide ra t ion  
of t h e  chamber dimensions i n d i c a t e  t h a t  a n  e f f e c t i v e  a i r  s t i f f n e s s ,  
caused by r e f l e c t i o n s  from t h e  w a l l s ,  is a probable  reason f o r  t h e  almost 
i d e n t i c a l  resonant  f requencies  measured i n  a i r  and vacuum. 

Damping va lues  were obta ined  from t h e  measured d a t a  wi th  two techniques,  
one of which i s  b ia sed  toward h ighe r  damping va lues  and t h e  o t h e r  toward 
lower va lues .  

Measurements of decay records  showed cons ide rab le  high-frequency no i se ,  
and, i n  some cases, i n d i c a t i o n s  of bea t ing .  This  technique tends t o  
r e s u l t  i n  underes t imat ion  of t h e  damping. 
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Measurements of t h e  bandwidth of t h e  response curve a t  t h e  half-power 
p o i n t  g i v e  c o r r e c t  va lues  of damping i f  
response shape. For ,  a c t u a l  cases, t h i s  te 
t h e  damping. 

The presence of f r e e  p l ay  i n  t h e  h i  
o sc i l l og raph  traces and by h igh- f r  
d e n s i t y  p l o t s .  This phenomena can draw energy from t h e  b a s i c  mode and 
cause  imperfec t  e s t ima t ions  of damping. 

The measured va lues  of damping from t h e  decay technique w e r e  l i m i t e d  t o  
two decay records  i n  vacuum and four  i n  a i r  on which t h e  undes i r ab le  
e f f e c t s  w e r e  minimum. 

Measured va lues  f o r  damping by t h e  response curve technique w e r e  obtained 
by a m u l t i p l i c i t y  of ca ses  (15-Hz mode only)  and t h e  average and maximum 
va lues  presented .  

The power s p e c t r a l  d e n s i t y  curves  f o r  an  in-vacuum test show a d i s t r i b u -  
t i o n  of energy i n  high-frequency modes, most of which may be  p r e s e n t  
because of f r e e  p l a y ,  A rough eva lua t ion  shows about t w i c e  as much 
energy i n  t h e  e x c i t a t i o n  band as i n  a l l  t h e  h igher  f r equenc ie s .  

Resu l t s  of t h e  measurements i n  a i r  and vacuum are shown by Figure  4-34, 
w i th  d a t a  from t h e  Phase I1 SCS-43 tes t  f o r  comparison. These d a t a  are 
p l o t t e d  i n  terms of t h e  magni f ica t ion  f a c t o r  Q ,  which i s  t h e  i n v e r s e  of 
t h e  damping c o e f f i c i e n t  . 
The MTA-1 pane l  experienced lower damping (higher Q)  i n  a i r  i n  both t h e  
15- and 37-Hz modes than  d i d  t h e  comparable SCS-43 pinned o r  clamped 
conf igu ra t ion  (30 t o  40 Hz). 
t i o n  t h a t  t h e  a i r  damping increment is  r e l a t e d  t o  t h e  a i r f l o w  around t h e  
pane l  edges. 
presence of a node on t h e  panel  s u r f a c e  both tend t o  reduce t h e  energy 
loss due t o  a i r  f o r  t h e  15-Hz mode. A t  t h e  h ighe r  frequency (37 Hz) , 
t h e  flow of a i r  between oppos i t e ly  phased s u b s t r a t e  displacements  would 
b e  expected t o  have less energy d i s s i p a t i o n  than those  SCS-43 s u b s t r a t e  
modes where t h e  motion w a s  a l l  i n  phase. 

This r e s u l t  i s  c o n s i s t e n t  w i th  t h e  expecta- 

The length  of edge r e l a t i v e  t o  t h e  moving area and t h e  

I n  vacuum, t h e  damping is  dependent on t h e  energy d i s s i p a t e d  i n  t h e  
s t r u c t u r e  only. 
measured i n  e i t h e r  t h e  pinned o r  clamped SCS-43 conf igu ra t ion .  A t  37.7 
Hz,  t h e  damping w a s  comparable t o  t h e  SCS-43 clamped cond i t ion  and more 
h igh ly  damped (lower Q )  than  t h e  pinned. The r e su l t s  of t h e  two tech- 
niques f o r  c a l c u l a t i n g  damping a t  t h e  15-Hz mode e x h i b i t  t h e  expected 
b i a s ,  w i th  an average Q f o r  t h e  bandwidth techniques of about  11, and 
f o r  t h e  decay technique of about 18. Even wi th  a c o r r e c t i o n  f o r  damp- 

an  estimate of t h e  energy l o s s  i n  high f r equenc ie s ,  

The r e s u l t s  show more damping a t  15.6 Hz than  w a s  

t h e  a 
The 

l e d  s t r u c t u r e  c o n t r i b u t e s  a s i g n i f i c a n t  
r y  source  must b e  from t h e  many load 

onded s p l i c e  p l a t  doublers  connect ing t h e  
assembly of bery l l ium p a r t s .  
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r e s u l t s  of t h e  tests show: 

The measured- f requencies  i n  vacuum agree  acceptab ly ,wi th  
va lues  except  f o r  t h e  second-bending mode. 

The measured f requencies  i n  air d id  no t  a g r e e  wi th  c a l c u l a t e d  
va lues .  An effective s t i f f n e s s  of a i r  caused by the  proximity 
of vacuum chamber w a l l s  i s  a p o s s i b l e  explana t ion .  

The bonded connections of  s p l i c e  p l a t e s  and doublers  between t h e  
bery l l ium p a r t s  c o n t r i b u t e  a s i g n i f i c a n t  energy d i s s i p a t i o n .  Mea- 
su red  damping (using t h e  most cr i t ical  technique)  i n  vacuum average 
Q = 18 a t  t h e  lowest  bending frequency and Q = 29 a t  t h e  second- 
bending mode. 

The measured damping i n  a i r  is  about 30% g r e a t e r  than i n  vacuum. 

A peak v a l u e  of 37 g w a s  s u s t a i n e d  on a s u b s t r a t e  w i thou t  damage 
t o  t h e  cel ls ,  
measured on t h e  s t r u c t u r e  . A maximum stress level of 9,500 l b / s q  i n .  w a s  

An e s t ima t ion  of t h e  MTA-4 conf igu ra t ion  damping, based on a v a i l a b l e  d a t a ,  
can b e  l i t t l e  b e t t e r  than  an  opin ion  a t  t h i s  t i m e .  However, neg lec t ing  
t h e  energy d i s s i p a t i o n  i n  t h e  tiedown s t r u c t u r e ,  i t  is  be l i eved  t h a t  a 
worse va lue  of Q = 25 t o  30 might be  r e a l i z e d ,  and a b e s t  va lue  of Q = 
16 t o  20 i s  poss ib l e .  

4.5 SOLAR-CELL DETERIORATION 

A s e r i o u s  problem appeared w i t h  increased  product ion  q u a n t i t i e s  of cells  
f o r  MTA-1. B l i s t e r e d  and peeled ohmic con tac t s  w e r e  found on a s i g n i f i -  
c a n t  p o r t i o n  of  t h e  cells, some of which had previous ly  been inspec ted  
wi thout  any evidence of d e t e r i o r a t i o n .  
of severe cases of d e t e r i o r a t e d  c o n t a c t  su r f aces .  The obviously d e f e c t i v e  
cells w e r e  r e j e c t e d  and p u t  a s i d e  f o r  p o s s i b l e  f u t u r e  s tudy.  

The u s e  of l i ve  s o l a r  cells  on M T A - l w a s  suspended by a c o n t r a c t  change 
n o t i c e  pending r e s o l u t i o n  o t h e  d e t e r i o r a t i o n  problem by JPL and t h e  
cel l  s u p p l i e r .  The unused ustomer-furnished cells have been r e t a i n e d  
i n  s t o r a g e  a t  Boeing and are a v a i l a b l e  f o r  f u r t h e r  i n v e s t i g a t i o n .  

Based on t h e  evidence a v a i l a b l e  i n  Phase 11, i t  w a s  found t h a t :  

1) 

Figure  4-36 shows some examples 

The cause of t h e  d e t e r i o r a t i o n  has  no t  been conclus ive ly  i d e n t i f i e d .  
The appearance of t h e  cells w a s  similar t o  t h a t  of l abora to ry  speci-  
mens exposed t o  h igh  relative humidity f o r  extended pe r iods .  Some 
Boeing l abora to ry  test specimens have shown similar d e t e r i o r a t i o n  
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F i g u r e  4-36: SOLAR CELL DETERIORATION 
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a f t e r  exposure t o  75% r e l a t i v e  humidity a t  near-room temperature  
f o r  34 days.  
comparable humidity exposure occurred during normalk indoor  s t o r a g e .  

However, t h e r e  has been no evidence t o  show t h a t  

There was no evidence t h a t  t h e  d e t e r i o r a t i o n  could be  a r r e s t e d .  
I f  such a method were a v a i l a b l e ,  i t  would have been p o s s i b l e  t o  
cons ider  procedures t o  sa lvage  those  cells wi th  accep tab le  e l e c t r i -  
c a l  c h a r a c t e r i s t i c s .  

The occurrence of d e t e r i o r a t i o n  may be  random; i.e.,  have equal  
p r o b a b i l i t y  f o r  any g iven  cell .  However, t h e  d e t e r i o r a t i o n  process  
appears  t o  b e  a func t ion  of t i m e  and environment. The Phase I 
r e l i a b i l i t y  and power-loss c a l c u l a t i o n s  were based on a low random 
f a i l u r e  rate of 1 x f a i l u r e s  p e r  c e l l  hour.  The observed 
c e l l - d e t e r i o r a t i o n  phenomena simply does not  f i t  such a n  a n a l y s i s  
model. Therefore ,  t h e  r e s u l t s  of t h e  Phase I ana lyses  were i n v a l i d  
f o r  t h e s e  p a r t i c u l a r  c e l l s .  

4 . 6  RADIATION DAMAGE ANALYSIS 

Radia;tian degrrada.tLon 06 khe LASA wLU be lens khan 3.7% dUhivuj 210-day 
r n h n i c m  ;to M m  in t h e  7977 ku 7973 p h o d .  

A previous a n a l y s i s ,  where backs ide  r a d i a t i o n  w a s  n o t  cons idered ,  showed 
r a d i a t i o n  degrada t ion  from 9 t o  16%. The earlier a n a l y s i s  w a s  conducted 
f o r  a 350-day miss ion  and f o r  Sunspot numbers of 112 f o r  1970. Using 
Webber's p r e d i c t i o n s  f o r  Sunspot Cycle 20 and e x t r a p o l a t i n g  through 1973, 
t h e  average Sunspot number w a s  found t o  be 58 f o r  1971 ,  38 f o r  1972, and 
25 f o r  1973. Accordingly, t h e  latest  a n a l y s i s  w a s  based on less than  58 
Sunspots pe r  y e a r ,  

An assumption of a l / r2  dependence of p a r t i c u l a t e  r a d i a t i o n  f o r  cosmic 
r ay  e v e n t s ' c a n  l ead  t o  erroneous r e s u l t s .  In s t ead ,  a model based upon 
a d i f f u s i o n  process  has  been proposed. This model is  v a l i d  i n  a r eg ion  
extending t o  1 . 7  AU from t h e  Sun, which is beyond t h e  o r b i t  of Mars. 
A l / r 2  comparison wi th  t h e  d i f f u s i o n  model i n d i c a t e s  t h a t  t h e  r a d i a t i o n  
l e v e l  may be  as much as 25% h ighe r ,  using t h e  d i f f u s i o n  model t h a t  w a s  
used i n  t h i s  a n a l y s i s .  

There are a t  p r e s e n t  two methods of c a l c u l a t i n g  r a d i a t i o n  damage: 
c o r r e l a t i o n  of power wi th  changes i n  d i f f u s i o n  l e n g t h ,  which i n  t u r n  
can be r e l a t e d  t o  a damage c o e f f i c i e n t ,  a t  least f o r  convent iona l  s o l a r  
c e l l s ;  and (2) conversion of t h e  i n c i d e n t  r a d i a t i o n  i n t o  a damage- 
equ iva len t ,  normally i n c i d e n t ,  1-Mev e l e c t r o n  f l u x .  

(1) 

The second method w a s  used f o r  t h e  p r e s e n t  a n a l y s i s  f o r  several reasons .  
For example, t h e  degrada t ion  of t h e  d i f f u s i o n  l eng th  has not been a c c u r a t e l y  
and c o n s i s t e n t l y  c o r r e l a t e d  wi th  t h e  c r e a t i o n  of d e f e c t  c e n t e r s  by rad ia-  
t i o n .  Also, f o r  LASA cells; nominally 0.00667-inch t h i c k ,  no d a t a  are 
a v a i l a b l e  f o r  t h e  r e l a t i o n  between power output  and d i f f u s i o n  l eng th .  For 
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such t h i n  cells ,  an  e f f e c t i v e  d i f f u s i o n  1 
bulk-mater ia l  d i f f u s i o n  l eng th ,  f u r t h e r  c 
l eng th  c a l c u l a t i o n .  ,Also, consid 
and t h e  r a d i a t i o n  i n c i d e n t  on bo t  
induced d e f e c t s  should b e  more homogeneous than  i n  t h e  convent iona l  s o l a r  
c e l l  i r r a d i a t e d  from one s i d e .  
e l e c t r o n s  is considered adequate  f o r  damage eva lua t ion .  

The energy d i s t r i b u t i o n  of p a r t i c l e s  i n c i d e n t  on t h e  s o l a r - c e l l  s t a c k  is 
no t  t h e  same as t h a t  i n c i d e n t  on t h e  s o l a r  c e l l  i t s e l f .  
l o s e  energy passing through matter. The lower-energy pro tons  are stopped 
by t h e  nominally 0,0031-inch microsheet  coverg lass  on t h e  f r o n t  s u r f a c e ,  
protons i n  t h e  range of approximately 3 t o  30 Mev are modif ied,  and pro- 
tons  wi th  ene rg ie s  g r e a t e r  than  30 Mev are e s s e n t i a l l y  unaf fec ted .  
w i s e ,  a t  t h e  back of t h e  s o l a r  ce l l ,  t h e  i n c i d e n t  r a d i a t i o n  i s  modified 
by t h e  0.003-inch f i b e r g l a s s  t ape  s u b s t r a t e  and 0.002-inch l a y e r  of RTV-40 
used as adhes ive  and thermal-emittance coa t ing .  

Thus, t h e  conversion t o  equ iva len t  1-MeV 

The p a r t i c l e s  

Like- 

The modified proton-energy d i s t r i b u t i o n s  w e r e  ca l cu la t ed  us ing  t h e  proton 
stopping-power d a t a  (Reference 1 6 ) .  No s p e c i f i c  stopping-power d a t a  e x i s t s  
f o r  microsheet ,  f i b e r g l a s s ,  o r  RTV-40. However, each of t h e s e  is  a Si-0 
compound, t hus  j u s t i f  i n g  use  of qua r t z  d a t a  ad jus ted  f o r  equiva len t  thick-  
ness  i n  u n i t s  of g/cm . 
t h i c k  s i l v e r - t i t a n i u m  (mostly s i lver)  c o n t a c t ,  which a l s o  modifies t h e  
r a d i a t i o n .  

?? The back s u r f a c e  of t h e  s o l a r  c e l l  i s  a 3-micron- 

Damage equ iva len t  curves  are based on uniform omnidi rec t iona l  r a d i a t i o n  
on a s o l a r  c e l l  t h a t  is  assumed t o  have e f f e c t i v e l y  i n f i n i t e  s h i e l d i n g  
on one s i d e .  Thus, t h e  degrada t ion  can be  sepa ra t ed  i n t o  components due 
t o  (1) i r r a d i a t i o n  on t h e  s o l a r - c e l l  f r o n t  s u r f a c e ,  and (2) i r r a d i a t i o n  
on t h e  s o l a r - c e l l  back sur face .  

The f i b e r g l a s s  t a p e  s u b s t r a t e  covering 40% of t h e  back s u r f a c e  of t h e  
s o l a r  c e l l  modif ies  t h e  i n c i d e n t  pro ton  spectrum d i f f e r e n t l y  than  t h e  
RTV-40 on t h e  remaining open 60%. 
ence by determining t h e  pro ton  spectrum through each of t h e  a p p l i c a b l e  
l a y e r s ,  and then  conver t ing  each r e s u l t a n t  spectrum i n c i d e n t  on t h e  back 
s u r f a c e  of t h e  s i l i c o n  of t h e  s o l a r  ce l l  t o  damage-equivalent normally 
i n c i d e n t  1-Mev e l e c t r o n s .  Degradation of t h e  s o l a r  cells  as a f u n c t i o n  
of 1-Mev e l e c t r o n  f l u e n c e  f o r  210-day missions i n  t h e  b e s t  and wors t  
condi t ions  of t h e  1971 t o  1973 per iod  i s  summarized i n  Table IV-5. 

Passage through t h e  Van Allen b e l t s  could r e s u l t  i n  degrada t ion  of t h e  
s o l a r  a r r a y  b u t  t h e  launch t r a j e c t o r y  f o r  a t y p i c a l  Large Area So la r  
Array a p p l i c a t i o n  shows t h a t  t h e  a r r a y  remains w i t h i n  a sunshade u n t i l  
3 hours  a f t e r  launch. During t h e  s h o r t  t i m e  i n  t h e  Van Al len  b e l t s ,  t h e  

e, and t h e  f a c t  t h a t  t h e  a r r a y  is fo lded ,  
r each subsequent pane l  i n  t h e  s tacked  

a d i a t i o n  e f f e c t s  t o  t h e  
e f o r e  a n  Earth escape,  then  
g i n t o  account t h e  o r b i t  

The a n a l y s i s  accounted f o r  t h i s  d i f f e r -  

w e l l  as t h e  t i m e  s p e n t  i n  
o r b i t .  
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Table  IV-5:  SUMMARY OF RADIATION DAMAGE 

Inc iden t  Radia t ion  
Degradation* (percent  
f o r  a 210-day mission)  

1973 1971 - - 
Front  Surface  1 . 2  0 

Back Surface  2.5 0 

*Based upon t h e  c o n s t r a i n t s  descr ibed  i n  t h e  t e x t .  

Other reg ions  of t h e  s o l a r  c e l l  t h a t  can b e  damaged are t h e  s u r f a c e  and 
t h e  pn junc t ion .  
wi th  27.5-kev pro tons .  However, t h e  LASA f luence  of 27.5-kev pro tons  
is  below any levels where degrada t ion  can be  observed. 
damage i n  t h e  j u n c t i o n  r eg ion  of t h e  s o l a r  c e l l  is expected. The energy 
of a pro ton  from t h e  f r o n t  s u r f a c e  s topping i n  t h e  j u n c t i o n  r eg ion  is 
approximately 70 kev. Higher-energy protons,  approximately 4.7 MeV, 
p e n e t r a t e  t o  t h e  j u n c t i o n  re i o n  from t h e  backside.  
t h a t  less than  10 protons/cm? would be  depos i ted  i n  t h e  v i c i n i t y  of t h e  
junc t ion .  This i s  several o rde r s  of magnitude less than  t h e  ma jo r i ty  
carrier concent ra t ions  i n  e i t h e r  t h e  shal low d i f f u s e d  l a y e r  o r  t h e  base  
r eg ion  of s o l a r  cells. Otherwise,  t h e r e  is  i n s i g n i f i c a n t  d a t a  a v a i l a b l e  
f o r  eva lua t ing  j u n c t i o n  damage t o  t h e  cel l .  

Experimental  d a t a  show t h a t  s u r f a c e  damage i s  p o s s i b l e  

No s i g n i f i c a n t  

Ca lcu la t ion  shows 

The p resen t  0.002-inch adhesive thermal-control  coa t ing  on t h e  backs ide  
of t h e  s o l a r  cells i s  a l s o  adequate  as a low-energy p a r t i c u l a t e  rad ia-  
t i o n  s h i e l d .  This a n a l y s i s  shows t h a t  t h e r e  i s  no need f o r  i nc reas ing  
t h e  th ickness  of t h i s  material t o  provide a d d i t i o n a l  r a d i a t i o n  s h i e l d i n g .  
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5.0 GROUND-DEPLOYMENT TESTING (TASK 4) 

The o v e r a l l  o b j e c t i v e  of Task 4 w a s  t o  develop equipment and procedures  
f o r  LASA ground-deployment t e s t i n g .  A secondary o b j e c t i v e  w a s  t o  develop 
a r r a y  mechanisms test d a t a  f o r  des ign  a p p l i c a t i o n s .  This  s e c t i o n  con ta ins  
a d i scuss ion  of t h e  Phase I1 ground-deployment equipment des ign ,  f ab r i ca -  
t i o n ,  and tests conducted t o  m e e t  t h e s e  o b j e c t i v e s .  

Ground deployment of t h e  a r r a y  i s  necessary t o  confirm t h e  deployment 
system des ign  and t h e  fo ld ing  modular packaging concept.  Because t h e  
a r r a y  is designed f o r  space  deployment only,  ground deployment p re sen t s  
many d i f f i c u l t  GSE des ign  problems. Af te r  cons ider ing  many p o s s i b l e  de- 
s i g n  concepts ,  i t  w a s  concluded t h a t  t h e  b e s t  approach t o  ground-deploy- 
ment t e s t i n g  w a s  t o  perform s e p a r a t e  t e s t s - - -ve r i f i ca t ion  and demonstra- 
t i o n .  V e r i f i c a t i o n  tests provide experimental  d a t a  t o  support  t h e  des ign  
and a n a l y s i s  of t h e  a r r a y ;  demonstrat ion tests prove t h e  complete deploy- 
ment sequence and geometry. This  concept is  t h e  l e a s t - c o s t l y  approach 
commensurate wi th  meeting t h e  b a s i c  deployment t e s t i n g  o b j e c t i v e s .  

Because of t h e  long-lead t i m e  involved i n  t h e  des ign  and f a b r i c a t i o n  of 
t h e  main subpanel  deployment v e r i f i c a t i o n  equipment, t h i s  equipment w a s  
b u i l t  and t e s t e d  i n  Phase 11 t o  permit  e a r l y  hardware development and 
g a i n  equipment opera t ing  experience.  The equipment permi ts  i n t e r m i t t e n t  
deployment of a panel  assembly. 
on a p r e c i s i o n  t r a c k ,  and a set of overhead suspension l i n e s  provide  a 
minimum f r i c t i o n  and i n e r t i a  suppor t  system f o r  t h e  pane l  assembly during 
deployment . 

A l igh tweight  a i r -bear ing  s l e d  running 

A f u l l - s i z e  aluminum pane l  assembly deployment model (MTA-3) w a s  designed 
and t h e  main subpanels only f a b r i c a t e d  f o r  pre l iminary  deployment tests 
i n  Phase 11. 
L a t e r ,  i n  Phase 111, t h e  bery l l ium panel  assembly (MTA-4) w i l l  be  deployed 
using t h e  equipment and techniques developed i n  Phase 11. 

A GSE f a i l u r e  mode and e f f e c t  a n a l y s i s  (FMEA) w a s  made t h a t  included t h e  
MTA-3 deployment equipment, handl ing equipment, and pre l iminary  a n a l y s i s  
of MTA-4 equipment. This  FMEA e f f o r t  is  d iscussed  i n  Sec t ion  6.4, under 
Task 5. 

F l i g h t  pro to type  mechanisms w e r e  i n s t a l l e d  on t h e  model. 

5 . 1  TEST OBJECTIVES 

Three primary test o b j e c t i v e s  w e r e  e s t a b l i s h e d  f o r  t h e  Phase I1 deployment 
tests : 

1) Obtain developmental  opera t ing  d a t a  on a r r a y  mechanisms f o r  des ign  
a p p l i c a t i o n s  and, where p r a c t i c a l ,  determine t h a t  t h e  mechanisms de- 
s i g n s  are adequate  t o  perform t h e  main subpanel  deployment func t ions ;  
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2) Develop t h e  s imulated zero-g deployment test equipment and procedures 
and provide d a t a  t o  compare t o  t h e  MTA-3 deployment a n a l y s i s ;  

Determine aerodynamic e f f e c t s  on deployment test  r e s u l t s .  3) 

Opera t iona l  d a t a  on mechanisms w a s  r equ i r ed  t o  permit  r e v i s i o n  of mecha- 
nisms des ign ,  i f ' n e c e s s a r y ,  be fo re  Phase I11 f a b r i c a t i o n .  The mechanisms 
system con ta ins  several long-lead procurement i t e m s .  I n  a d d i t i o n ,  changes 
i n  mechanisms i n s t a l l a t i o n  would b e  much more d i f f i c u l t  t o  accomplish on 
t h e  Phase I11 bery l l ium MTA-4. 

By comparing test d a t a  wi th  t h a t  p red ic t ed  by t h e  MTA-3 deployment a n a l y s i s ,  
d i f f e r e n c e s  w e r e  i d e n t i f i e d  and explained.  I n  Phase 111, t h i s  technique 
w i l l  be  used t o  confirm t h e  MTA-4 ground-deployment a n a l y s i s  and, by 
analogy,  t h e  a n a l y s i s  of pane l  assembly deployment i n  space.  

Deployment of t h e  MTA-4 pane l  assembly on Ear th  w i l l  be  modified by aero- 
dynamic drag.  However, t h e  drag of MTA-3 wi th  ba re  frames is  n e g l i g i b l e .  
The frames of MTA-3 were covered wi th  a p l a s t i c  membrane and a series of 
deployment runs  conducted. , R e s u l t s  of t h e s e  runs  w e r e  compared wi th  bare- 
frame deployment t o  determine t h e  aerodynamic drag caused by t h e  membrane 
and t o  provide d a t a  f o r  a d j u s t i n g  Phase I11 MTA-4 test r e s u l t s  t o  e l imina te  
drag e f f e c t s .  
t i o n s  i n  outboard subpanel  deployments sequences.  

Small increments of drag  may have been masked by h igh  f r i c -  

5.2 MTA-3 TEST ARTICLE 

5.2.1 MTA-3 STRUCTURE 

MTA-3 c o n s i s t s  of an  assembly of f i v e  aluminum rec t angu la r  pane ls  of t h e  
s a m e  b a s i c  dimensions as MTA-4. The primary s t r u c t u r a l  members are rec- 
t angu la r  extruded tubes and t h e  d iagonal  b race  members are round tubes .  
A l l  connect ions are made by welding. The geometry is dup l i ca t ed  i n  t h e  
areas of mechanisms and GSE i n t e r f a c e s .  Spacers s imula t e  t h e  envelope of 
t h e  a u x i l i a r y  subpanels .  

Lead weights  added t o  each MTA-3 subpanel  s imulated t h e  m a s s ,  c e n t e r  of 
g r a v i t y ,  and m a s s  moment of i n e r t i a  of t h e  f l i g h t  p ro to type  subpanel  u n i t s  
(see Figure  5-1). The e f f e c t  of t h e  GSE con t r ibu t ions  t o  t h e  moment of 
i n e r t i a  f o r  t h e  mechanisms and aerodynamic deployment tests is  shown by 
Table  V-1. 

, Dupl ica t ion  of t h e  s t i f f n e s s  of t h e  bery l l ium s t r u c t u r e  w a s  no t  a requi re -  
ment f o r  deployment t e s t i n g  i n  Phase 11. Actual  va lues  of bending f o r  t h e  
MTA-3 aluminum panels  were approximately 30% of t h a t  f o r  bery l l ium f o r  t h e  
f i r s t  pane l  and 85% f o r  t h e  second through t h e  f i f t h  panel .  The e f f e c t  of 
t h e  overhead c a b l e  suppor t  w a s  'to i n c r e a s e  t h e  e f f e c t i v e  s t i f f n e s s  of t h e  
deployed panels .  F igure  5-2 shows comparison of t h e  f i r s t  t h r e e  bending 
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f requencies  of t h e  aluminum MTA-3 i n  t h e  deployment f i x t u r e ,  and of t h e  
MTA-4 s t r u c t u r e  i n  space .  

A s  a consequence of t h e  overhead c a b l e  e f f e c t  and t h e  e las t ic  s t i f f n e s s  
of t h e  c a b l e ,  t r a n s i e n t  cond i t ions  w e r e  no t  modeled, and only t ime-history 
d a t a  were obta ined .  

5.2.2 MTA-3 MECHANISMS 

F l i g h t  pro to type  mechanisms were i n s t a l l e d  on t h e  aluminum deployment 
model. The use  of p ro to type  p a r t s  permi t ted  t h e  accumulation of a c t u a l  
ope ra t ing  d a t a ,  l i f e  expectancy informat ion ,  and alignment exper ience ,  
and revea led  s e v e r a l  des ign  d i sc repanc ie s .  

Figure  5-1 : WEIGHT/BALANCE OF MTA-3 
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The main subpanel  deployment d r i v e  cons i s t ed  of a motor/cable  drum t h a t  
r e t r a c t e d  a c a b l e  over quadrants  (see Figure  5-3) l oca t ed  a t  t h e  center 
of t h e  end s p a r  of each main subpanel .  
outermost subpanel.  

The c a b l e  w a s  anchored t o  t h e  

MTA-3 Aluminum Deployment 
Model (Main Subpanels) 

f t  

Quadrant Assembly 

Mot o r  

Deployment Drive 
Motor-Drum Assembly 

Figure 5-3: DEPLOYMENT MECHANISMS 

A s  t h e  c a b l e  w a s  winched i n ,  i t  app l i ed  a f o r c e  tangent  t o  t h e  quadrant  
r i m s ,  which are o f f s e t  from t h e  h inge  c e n t e r l i n e s .  
t o  a n  opening moment about  the h inge  c e n t e r l i n e s .  

This  f o r c e  converted 

The quadrants  w e r e  machined from aluminum p l a t e  and mounted t o  t h e  pane l  
and s p a r s  by b o l t s .  

The main pane l  h inges ,  shown i n  F igure  5-3, contained r e s i s t a n c e  sp r ings  
t h a t  opposed t h e  c a b l e  opening f o r c e  t o  prevent  runaway deployment. De- 
ployed panels  w e r e  locked i n  p l a c e  by overcenter  l a t c h e s .  
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5.3 SIMLTLATED ZERO-GRAVITY DEPLOYMENT SYSTEM DESCRIPTION 

5 .3 .1  MECHANICAL SYSTEMS DESIGN 

Deploying sets of subpanels  w e r e  supported on a v i r t u a l l y  f r i c t i o n - f r e e  
a i r -bea r ing  s l e d  as shown i n  F igure  5-4. This  s l e d ,  t r a v e l i n g  on a 
p r e c i s e l y  l e v e l e d  a i r -bea r ing  t r a c k ,  allowed f r e e  X-Y motion of each 
deploying m a s s .  Moments due t o  t h e  s l o p e  of t h e  t r a c k  were minimum. For 
example, t h e  s l o p e  of t h e  t r a c k  f o r  t h e  f i r s t  deployment motion (or  swing) 
w a s  l eve led  w i t h i n  0.003-inch e l e v a t i o n  i n  40 inches  of t r a c k  l eng th .  
This  r e s u l t e d  i n  a maximum moment of 3 . 1  inch-pounds on t h e  deploying 
set of pane ls .  The s l o p e  could be  overcome by l-pound t e n s i o n  i n  t h e  
deployment cable .  
c a p a b i l i t y  f o r  any ground-deployment system of such l a r g e  s i z e .  

Such s m a l l  moments are f e l t  t o  be t h e  b e s t  p r a c t i c a l  

The deployed subpanels  w e r e  supported by low s p r i n g - r a t e  suspension l i n e s  
t o  minimize g r a v i t y  loading  on t h e  h inges .  
designed as l igh twe igh t  u n i t s  s o  t h a t  t h e i r  i n e r t i a  would have a minimum 
e f f e c t  on t h e  deployment behavior  of t h e  a r r a y .  

These suspension l i n e s  w e r e  

The adap te r  s imulated a s p a c e c r a f t  a t  t h e  mechanical i n t e r f a c e  wi th  t h e  
f i r s t  subpanel  and t h e  d i agona l  s t r u t ,  and provided a mounting f o r  t h e  
deployment motor and winch u n i t .  The adap te r  w a s  suspended by a counter-  
weighted overhead l i n e  and r e s t r a i n e d  by b a l l -  and s l i d e r - t y p e  f i t t i n g s  
t h a t  allowed l i m i t e d  r o t a t i o n  and t r a n s l a t i o n  except  t h a t  r o t a t i o n  i n  t h e  
d i r e c t i o n  of deployment w a s  prevented .  

The mechanical o p e r a t i o n  of main subpanel  deployment w a s  i n t e r m i t t e n t  i n  
na tu re .  
w a s  t r a n s f e r r e d  from t h e  a i r  s l e d  t o  t h e  overhead suspension l i n e s  by t h e  
s imple r e r i g g i n g  process  descr ibed  i n  F igure  5-4. 

A t  t h e  conclus ion  of each deployment swing t h e  deployed panel  

5.3.2 INSTRUMENTATION SYSTEMS DESIGN 

Angular displacement  of each of t h e  f i v e  deploying main subpanels  w a s  
measured by a s m a l l ,  i n f i n i t e - r e s o l u t i o n  poten t iometer  mounted i n  l i n e  
w i t h  t h e  h inge  b o l t s .  
t o  a d j a c e n t  h inge  p l a t e s  by f l e x i b l e  b r a c k e t s .  The s h a f t  w a s  v i s u a l l y  
a l igned  wi th  t h e  ad jacen t  h inge  b o l t .  

The body and s h a f t  of t h e  poten t iometer  w e r e  he ld  

Tension i n  each deployment c a b l e  w a s  measured by means of a spr ing-loaded 
l i nkage  t h a t  a c t u a t e s  a l i n e a r  v a r i a b l e  d i f f e r e n t i a l  t ransformer  (LVDT) 
(see  F igure  5-5). 
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The Adapter,  @ , s i m u l a t e s  a s p a c e c r a f t  at  the  mechanical i n t e r f a c e  w i t h  t h e  
f i r s t  subpanel .  A Deployment Motor Winch, @ , working through a system o f  
c a b l e s  and quadran t s ,  p rov ides  a l l  t he  energy f o r  deployment. The A i r  S l e d ,  

v s u p p o r t s  each deploying e t  of pane l s  and p rov ides  a z e r o  f r i c t i o n  c a r r i a g e .  
The A l r  Bearing Track () , is a p r e c i s i o n ,  level s u r f a c e  on which t h e  A i r  S led  
t r a v e  Is. 

A t  t he  conclus ion  of each deployment swing, t he  pane l  is a t t a c h e d  

is removed from the  A i r  S l ed  t o  a l low deployment succeeding  se t  o f  
p a i r  of s o f t  s p r i n g - r a t e  Overhead Suspension L ines ,  , and a Cross B e a m ,  

Figure 5-4: DEPLOYMENT FIXTURE MECHANICAL OPERATION 
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Motor Windup Rate 
Instrumentation 

Control Console 

Data Acquisition System LVDT Installation 

Figure 5-5: INSTRUMENTATION SYSTEM 
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Motor windup rate w a s  measured by means of a s ine-cos ine  poten t iometer  
d r iven  by t h e  motor drum. 
potent iometer  s h a f t  and t h i s  u n i t  w a s  spring-loaded t o  hold  t h e  wheel 
a g a i n s t  t h e  c e n t e r  of t h e  drum between t h e  windings of t h e  deployment 
cab le s  . 
Monitoring of motor temperature  w a s  provided by a the rmis to r  i n s t a l l e d  on 
t h e  motor. 

A rubber-covered wheel w a s  mounted on t h e  

The deployment motor w a s  c o n t r o l l e d  by a master swi tch  and a tbree-way 
"deploy-off-reverse" swi tch  on t h e  c o n t r o l  console.  An ove r r id ing  remote 
c o n t r o l  swi tch  a l s o  w a s  provided. 
w a s  ad jus t ed  and monitored by means of a power supply u n i t  mounted i n  t h e  
console.  Meters on t h e  console  were used t o  monitor motor temperature  
and c a b l e  tens ion .  

Input  v o l t a g e  t o  t h e  deployment motor 

The d a t a  a c q u i s i t i o n  system i s  shown i n  F igure  5-5. 
c o n t r o l  console ,  X-Y p l o t t e r ,  and v i s i c o r d e r  provided quick-look c a p a b i l i t y  
f o r  t h e  real-time monitor ing of c r i t i c a l  test  parameters. 
record ing  system w a s  used t o  s t o r e  a l l  test measurements on magnetic t a p e  
f o r  later r educ t ion  by an  SDS-910 computer. 

The deployment 

The d i g i t a l  

5.3.3 FABRICATION AND ASSEMBLY 

A c o s t - e f f e c t i v e  method of producing t h e  l a r g e ,  p r e c i s i o n  s u r f a c e  air- 
bear ing  t r a c k  s e c t i o n s  w a s  developed. 
w a s  cast of 356 aluminum and annealed t o  prevent  warpage. This  method 
uses reclaimed material and i s  s u p e r i o r  t o  welded steel as a cos t -  
e f f e c t i v e  means of producing t h i s  type  of l a r g e ,  s t a b l e  base  s t r u c t u r e .  
The t r a c k  sec tkons  w e r e  coated wi th  0.5 inch  of epoxy (2L2 Epocast) .  
epoxy s u r f a c e s  were then  machined two a t  a t i m e  on a l a r g e  ver t ica l  
Hypro l a t h e .  F l a t n e s s  as measured on t h e  l a t h e  a f t e r  machining w a s  0.0005 
inch  TIR .  Local  i r r e g u l a r i t i e s  i n  t h e  s u r f a c e s ,  a f t e r  machining, were re- 
pa i r ed  by r o u t i n g  ou t  t h e  area a f f e c t e d  and f i l l i n g  wi th  epoxy. 
patches were then  reduced t o  0.001 t o  0.003 he igh t  w i th  a r i v e t  shaver  
and c a r e f u l l y  hand-sanded wi th  f i n e  w e t  paper on a sanding block.  
l o c a l  i r r e g u l a r i t i e s ,  caused by bubbles  o r  incomplete mixing of t h e  epoxy, 
can be  minimized i f  a power mixer i s  used r a t h e r  t han  mixing by hand. 

Each of t h e  60-degree t r a c k  s e c t i o n s  

The 

The 

These 

A series of overhead suspension cab le s  i s  r equ i r ed  t o  e l i m i n a t e  g r a v i t y  
loads  a t  t h e  subpanel  h inges  dur ing  deployment on t h e  f i x t u r e .  Music 
w i r e  w a s  used t o  make t h e  l i gh twe igh t ,  low sp r ing - ra t e ,  minimum-creep 
suspension l i n e s .  
f r e e  than  similar l i n e s  cons t ruc t ed  earlier of o rgan ic  materials. 

This  conf igu ra t ion  proved t o  be  l i g h t e r  and more creep- 

The a i r  bea r ings  f o r  t h e  a i r  s l e d  were made of 7075 aluminum f o r  l i g h t  
weight and s t i f f n e s s .  The bear ing  s u r f a c e  w a s  faced and t h e  s i x  c i r c u l a r  
recess areas w e r e  masked wi th  microshie ld  compound. The remaining bear ing  
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s u r f a c e  w a s  aluminum hard-coated t o  a t o t a l  t h i ckness  of 0.002 inch  
(0.001-inch p e n e t r a t i o n  and 0.001-inch bu i ldup) .  
l eav ing  0,001-inch-deep recesses. 
duces an  aluminum oxide  s k i n  on t h e  pa ren t  aluminum. This  s k i n  prevents  
s c r a t c h e s  t h a t  could reduce t h e  l i f t i n g  capac i ty  of t h e  a i r  bear ing .  It 
a l s o  provides  a low c o e f f i c i e n t  of f r i c t i o n  wi th  t h e  t r a c k  s u r f a c e ,  which 
i s  u s e f u l  i n  braking t h e  a r r a y  t o  a s t o p  by tu rn ing  o f f  t h e  a i r  supply t o  
t h e  bea r ings  

The masking w a s  removed 
The aluminum hard-coat ing process  pro- 

Conventional aluminum welding and h e a t - t r e a t i n g  techniques were used t o  
make t h e  r i g i d ,  l i gh twe igh t  adapter  and a i r  s l e d .  
made of welded 6061 aluminum tubing ,  It w a s  hea t - t r ea t ed  a f t e r  welding 
t o  s t r e n g t h e n  t h e  material so f t ened  by welding. 

The a i r  s l e d  frame w a s  

5 ,3 .4  INSTALLATION AND SYSTEMS INTEGRATION 

The s t r u c t u r e  w a s  e r ec t ed  t o  normal s t r u c t u r a l  s teel  t o l e r a n c e s  (gene ra l ly  
f0 ,25  i n c h ) .  The d e t a i l i n g ,  f a b r i c a t i o n ,  and e r e c t i o n  of t h i s  s t r u c t u r e  
w a s  subcont rac ted  t o  a l o c a l  s teel  f a b r i c a t o r  who, working t o  t h e s e  t o l e r -  
ances ,  w a s  a b l e  t o  complete t h e  s t r u c t u r e  ahead of schedule  and a t  a 
minimum c o s t  t o  t h e  program. The s t r u c t u r e  being e rec t ed  is  shown i n  
F igure  5-6. The t r a c k  s e c t i o n s  w e r e  pos i t i oned  t o  arcs s c r i b e d  on t h e  
f l o o r .  The s e c t i o n s  were then  l eve led  by means of jackscrews t o  a t o l e r -  
ance of 0.003-inch t o t a l  f o r  each s e c t i o n  and 0.006-inch t o t a l  o v e r a l l .  
Levelness w a s  measured wi th  a Wild o p t i c a l  level reading  a scale placed 
a t  s i x  d i f f e r e n t  p o i n t s  each t r a c k  s e c t i o n .  I n i t i a l  t r a c k  l e v e l n e s s  
w a s  accepted by Qua l i ty  Control.  With t h i s  except ion ,  t h e  f a b r i c a t i o n ,  
i n s t a l l a t i o n ,  and c a l i b r a t i o n  of all equipment were accepted by Engineering 
in spec t ion .  

The t r a c k  s u r f a c e  w a s  used as a b a s i c  h o r i z o n t a l  r e f e r e n c e  p lane .  
adap te r  and t h e  overhead suspension l i n e s  were set a t  s p e c i f i e d  h e i g h t s  
above t h i s  p lane  and i n  t h e  proper  p o s i t i o n  over t h e  c e n t e r l i n e  s c r i b e d  
on t h e  f l o o r .  

The 

The MTA-3 w a s  i n s t a l l e d  i n  t h e  f i x t u r e  and a series of checkouts w a s  per-  
formed t o  determine t h e  r e s i s t a n c e s  t o  deployment b u i l t  i n t o  t h e  combined 
GSE/MTA-3 system. These checkouts cons i s t ed  of pushing each deploying 
set of subpanels  w i th  a measured s t a r t i n g  impulse (a  plunger-type sp r ing  
scale w a s  used) ,  and observing t h e  angular  d i s t a n c e  t r a v e l e d  and t h e  con- 
s i s t e n c y  of rate. 
p o s i t i o n s  and i n  both  d i r e c t i o n s ,  

The subpanel  sets were pushed from v a r i o u s  s t a r t i n g  

These checkouts i n d i c a t e d  an  apprec i ab le  i n c r e a s e  i n  hinge-bol t  f r i c t i o n  
a f t e r  t h e  f i r s t  60 degrees  of deployment due t o  misalignments.  The m i s -  
a l ignments  found and t h e  method of c o r r e c t i o n  are diagrammed i n  F igure  5-7. 
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Figure 5-6: ERECTION OF DEPLOYMENT FIXTURE STRUCTURE 
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1. I n i t i a l  Misalignment 
of Hinge Bolts 
(Typ a t  h inge  l i n g s  
3, 4 ,  and 5) 

P a r a l l e l  o u t  o f  
bu t  O f f s e t  P a r a l l e l  

The maximum misalignment 
was approx 0.07 i n  5 in. 

3. Correc t ion  of Misalignment 

2. Resul t ing  F r i c t i o n  During Deployment 

The h inge  b o l t s  
were f r e e  in t h e  
stowed p o s i t i o n  

- b u t  - 

a)  Panels  hung from suspens ion  l i n e s  

b )  Bolts removed and long  rod i n s e r t e d  

c )  Hinge p l a t e s  noted by D were l e f t  

d) Hinge p l a t e s  noted by p w e r e  

in deployed a t t i t u d e  

t h r u  h inge  p l a t e s  

in p l a c e  a s  a r e f e r e n c e  

loosened and moved so t h a t  the  rod 
appeared s t r a i g h t  and turned f r e e l y  

The f l e x i b i l i t y  of t h e  rod l i m i t e d  t h e  
accuracy of t h i s  method, b u t  t h e  f i n a l  
a l ignment  was f e l t  t o  be w i t h i n  0.03 
i n  5 i n .  

Figure 5-7: 

/-A ( S t a t i o n a r y  Panel)  

B (Deploying Panel)  1 
!3 

As t h e  f u l l y  deployed p o s i t i o n  w a s  
approached the  b o l t s  became t i g h t ,  
t h e  h inge  p l a t e s  were d e f l e c t e d ,  
and h i g h e r  f r i c t i o n s  were observed 

Other  Misalignments 

Overcen ter Links 

Overcenter  Link Def lec t ions  
(Exaggerated) 

Tolerance v a r i a t i o n s  i n  dimension d 
above, in otherwise  i d e n t i c a l  h inge  
p l a t e s ,  caused misalignment of t h e  
o v e r c e n t e r  l i n k s .  The r e s u l t i n g  de- 
f l e c t i o n s  and loading  c o n t r i b u t e d  t o  
hinge f r i c t i o n  

HINGE MISALIGNMENTS 
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A f t e r  c o r r e c t i o n  of t h e s e  misalignments,  t h e  va r ious  sets of subpanels  , 
a g a i n  were pushed through t h e i r  swings and gene ra l ly  s a t i s f a c t o r y  r e s u l t s  
w e r e  ob ta ined ,  a l though h inge  f r i c t i o n  remained r e l a t i v e l y  h igh .  

The f i r s t  complete deployment of MTA-3 under i ts  own power w a s  used as a 
f u n c t i o n a l  checkout of t h e  i n t e g r a t e d  ground-deployment system. 

The a i r -bear ing  t r a c k  w a s  measured and ad jus t ed  t o  t h e  s p e c i f i e d  level- 
ness  t o l e r a n c e  of 0.003 t o t a l  pe r  60-degree block.  The f a i r i n g  a t  t h e  
j o i n t s  w a s  t hen  ad jus t ed  i n  accordance wi th  t h e  procedure t h a t  s p e c i f i e s  
t h a t  t h e  outboard end of each block remain f i x e d  and t h e  h e i g h t  of t h e  
inboard end of each block be ad jus t ed  t o  o b t a i n  f a i r i n g .  
t h e  l eve lness  of some of t h e ' b l o c k s  t o  b e  o u t s i d e  of t o l e rance .  The 
worst  cond i t ion  r e s u l t e d  i n  an  average s lope ,  as seen  by t h e  a i r  s l e d ,  of 
0.0015 inch  i n  10 inches.  This  p o s s i b i l i t y  had been a n t i c i p a t e d  and w a s  
reso lved  by measuring t h e  track, p l o t t i n g  t h e  t r a c k  p r o f i l e  f o r  each a i r  
bear ing ,  and inc luding  t h i s  p r o f i l e  i n  t h e  test d a t a  package s o  t h a t  t r a c k  
s l o p e  e f f e c t s  could b e  included i n  t h e  a n a l y s i s .  
were r ev i sed  t o  inc lude  t r a c k  a d j u s t i n g  and p r o f i l e  record ing  procedures 
and sequences.  

This  caused 

Operating procedures 

During t h e  f i r s t  series of test runs ,  t h e  a i r  bear ings  sometimes bottomed 
s l i g h t l y  when pass ing  over t h e  t r a c k  j o i n t s .  
too  s l i g h t  t o  n o t i c e  by observa t ion  b u t  w e r e  ev ident  on t h e  X-Y p l o t t e r  
graphs.  The problem w a s  p r imar i ly  caused by thermal expansion a f f e c t i n g  
t h e  beeswax a t  t h e  t r a c k  j o i n t s  and al lowing excess ive  a i r  leakage.  
procedure w a s  adopted i n  which t h e  t r a c k  j o i n t s  w e r e  checked be fo re  each 
test run  and new beeswax 
Figure  5-8 shows t h e  chec 
melt ing of beeswax i n t o  t 

These hangups were sometimes 

A 

d scraped f l u s h  where r equ i r ed .  
i n g  wi th  a d i a l  i n d i c a t o r  and t h e  

This  hanging-up tendency w a s  aggravated i n  cases where one of t h e  t h r e e  
a i r -bea r ing  f e e t  bore  a d i s p r o p o r t i o n a t e  s h a r e  of t h e  weight of t h e  test 
art icle.  This  cond i t ion  w a s  r e l i e v e d  by moving t h e  a i r  s l e d  t o  t h e  most 
favorable  p o s i t i o n  under t h e  test ar t ic le  re la t ive t o  t h e  c e n t e r  of g r a v i t y  
of t h e  deploying set of pane ls .  The aluminum test ar t ic le  w a s  l i f t e d  
manually t o  a l low r e p o s i t i o n i n g  of t h e  a i r  s l e d .  

During f u n c t i o n a l  checkouts t h e  deployment cab le s  tended t o  r i d e  over 
t h e  f i t t i n g  t h a t  a t t a c h e s  t h e  cab le s  t o  t h e  motor drum. The cab le s  
sometimes, a f t e r  a s l a c k  pe r iod ,  hopped o f f  t h e  drum e n t i r e l y .  Guide 
screws w e r e  added t o  t h e  adap te r  ad jacen t  t o  t h e  motor drum t o  prevent  
t h i s  condi t ion .  

5.3.5 CALIBRATION 
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Figure 5-8: FAIRING AND WAXING AIR BEARING TRACK JOINTS 

Except for cable tension, calibration of instrumentation met design 
requirements. 
overloading were set to trip at a cable tension of 48 to 50 pounds. 
deployment motor windup rate potentiometer was calibrated by plotting 
voltage output versus time data for three motor revolutions. The lengths 
of the all-metallic suspension lines that replaced the original dacron 
lines were set without difficulty. 

Microswitches in the deployment motor circuit to prevent 
The 

The design requirements established for the cable tension measuring 
equipment were based on the assumption that cable tensionsiwould reach 
40 pounds during deployment, rather than the 6 to 8 pounds actually 
encountered. A s  a result of this and misalignment of the linear vari- 
able differential transformer (LVDT) sensing device, the accuracy of 
the cable tension measuring equipment was not within the originally 
established design limits in the low cable tension range. Redesign of 
this equipment is recommended before use in Phase 111. 

Hinge-angle calibration was accomplished by positioning a large protractor 
under each hingeline (see Figure 5-9). The voltage output of the hinge- 
line potentiometer then was recorded at 10-degree intervals. Although 
the potentiometers demonstrated excellent sensitivity, two potentiometers 
failed mechanically and were replaced during test. Potentiometers of 
more rugged construction will be provided for future testing. 
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Figure 5-9: DEPLOYMENT ANGLE CALIBRATION 
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A series of c los ing-ve loc i ty  c a l i b r a t i o n s  w a s  conducted t o  o b t a i n  a , 
curve f o r  each deployment swing t h a t  r e l a t e d  t h e  o f f s e t  o r  s t a r t i n g  
p o s i t i o n  of t h e  deploying s t a c k  t o  i t s  l a t c h i n g  o r  c l o s i n g  v e l o c i t y .  
Using t h e s e  curves,  s p e c i f i c  c l o s i n g  v e l o c i t  could b e  es t imated  as 
a f u n c t i o n  of t h e  d i s t a n c e  from l a t c h i n g .  

The deployment moment f o r  t h e  s t a c k  a t  t h e  o 
by t h e  sp r ing  f o r c e  of t h e  suspension l i n e s  ( see  F igure  5-10). The 
c los ing  v e l o c i t y  va lues  w e r e  r e p e a t a b l e  w i t h i n  210%. 

et  p o s i t i o n  w a s  provided 

5.4 TEST CONDUCT AND OBSERVATION 

5.4.1 TEST SETUP AND CONDUCT 

Five types of tests w e r e  conducted dur ing  t h e  test  program. Although 
t h e s e  tests invclved i n t e r m i t t e n t  r a t h e r  than  continuous deployment, 
a l l  d a t a  r equ i r ed  f o r  t h e  deployment a n a l y s i s  can be  obta ined  i n  t h i s  
manner. The f i v e  test  types are descr ibed  below. 

Zero I n i t i a l  Veloc i ty  Tests---The ob jec t  of t h e s e  tests w a s  t o  
o b t a i n  t ime-his tory and o the r  d a t a  f o r  a g iven  deployment swing 
s t a r t i n g  wi th  zero v e l o c i t y  and zero  cab le  t ens ion .  With t h e  
pane ls  t o  be  deployed a t  rest, deployment w a s  i n i t i a t e d  by turn-  
ing  on t h e  deployment motor and al lowing t h e  pane ls  t o  proceed 
through approximately 177 degrees .  
behavior  (except  Swing l),  t h i s  test  provided u s e f u l  d a t a  f o r  
purposes of comparison and d e f i n i t i o n  of  parameters .  

While no t  t y p i c a l  of f l i g h t  

Cont ra l led  S t a r t i n g  Condit ion Tests---The o b j e c t  of t h e s e  tests 
w a s  t o  o b t a i n  t ime-his tory and o t h e r  d a t a  f o r  a g iven  deployment 
swing as inf luenced  by t h e  c l o s i n g  v e l o c i t y  of t h e  previous swing. 
The c l o s i n g  panels  w e r e  t i e d  by cord a g iven  d i s t a n c e  from c l o s i n g  
s o  as t o  provide  a g iven  c los ing  v e l o c i t y .  
s imultaneously wi th  t h e  start  of t h e  deployment motor and t h e  
pane ls  allowed t o  c l o s e  and cont inue  on through 177 t o  180 degrees  
of t h e  fol lowing swing. This  type  of test s imula t e s  continuous 
deployment v e l o c i t i e s .  

The cord w a s  c u t  

Aerodynamic Tests---Aerodynamic tests w e r e  conducted i d e n t i c a l  t o  
t h e  zero i n i t i a l  v e l o c i t y  and c o n t r o l l e d  s t a r t i n g  cond i t ion  tests 
descr ibed  above except  t h a t  a p l a s t i c  membrane w a s  taped over t h e  
MTA-3 frame t o  s imula t e  t h e  aerodynamic drag  of t h e  Phase 111 test 
article. 
showed no c o n s i s t e n t  d i f f e r e n c e s  t h a t  d e f i n i t e l y  could b e  a t t r i b u t e d  
t o  t h e  aerodynamic membrane. 

Comparison of t h e  t ime-h i s to r i e s  ob ta ined  f o r  t h e  test runs  
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4) Sigma Res is tance  T e s t  
t h e  sum of a l l  re 
ances a r o s e  from 
mentat ion f r i c t i o  
a i r -bear ing  t r a c k ,  a 
ducted by r e s t r a i n i n g  t h  
i n  t h e  deployment cab le ,  
r e s u l t i n g  t ime-his tory.  
t o  produce i t ,  can b e  used t o  c a l c u l a t e  t h e  unknown reaistance 
f o r c e s  . 
Deflec ted  Panel  Tests---These tests were conducted t o  d e t e r  
t h e  e f f e c t  on deployemnt of a presumed d e f l e c t i o n  of a pan 
d i f f e r e n t i a l  hea t ing  of t h e  Sunside and t h e  darks ide .  
f l e c t i o n  corresponding t o l  a 100°F (a 50°F s t eady- s t a t e  d i f f e r e n t i a l  
w a s  a c t u a l l y  shown by a n a l y s i s )  temperature  d i f f e r e n t i a l  w a s  i n t r o -  
duced i n t o  Subpanel 2 and zero- in i t ia l -ve loc i ty- type  test run.  

5) 

A 0.28 de- 

5.4.2 VALUE OF MTA-3 AS AN OPERATIONAL MOCKUP 

and k u f i n g  a b  MTA-3 pmvided VGLeUabRe da,ta cancQnvLing 
mechaninm .intQndmencu fisk appccheutf: i n  chmings and Rayou~2. 

c a t i o n  and assembly of MTA-3 revea led  p e c i f i c  areas r e q u i r i n g  
c l o s e r  t o l e rances  and more r e f i n e d  too l ing .  The l o c a t i o n  of each of 
t h e  fou r  hinge p l a t e s  a t  t h e  ends of a main subpanel  must b e  c o n t r o l l e d  
relative t o  t h e  ad jacen t  h inge  p l a t e s ,  t h e  quadrant  axis, and t h e  sub- 
pane l  s t r u c t u r e .  Misalignment of t h e s e  h inge  p l a t e s  can  cause t h e  
f r i c t i o n  e f f e c t s  descr ibed  i n  Sec t ion  5.3. Misalignment of t h e  ho le s  
i n  t h e  h inge  p l a t e s  cause i n t e r f e r e n c e  wi th  o t h e r  mechanical p a r t s  
dur ing  deployment. Misalignment of t h e  hinge p l a t e s  relative t o  t h e  
quadrant  can induce d e f l e c t i o n  i n t o  t h e  subpanel  s t r u c t u r e .  The ho le s  
i n  t h e  overcenter  l a t c h  p a r t s  must b e  c l o s e l y  c o n t r o l l e d  t o  ensure  t h a t  
t h e  l a t c h  w i l l  c ros s  over c e n t e r  and lock  t h e  deployed subpanel  a t  t h e  
180-degree p o s i t i o n .  

The assembly of MTA-3 is  shown i n  F igure  5-11. 
s tacked  on a s u r f a c e  p l a t e .  The lower edges then  w e r e  a l i gned  t o  pro- 
v i d e  even s e a t i n g  on t h e  air  s l e d ,  and t h e  quadrants  i n s t a l l e d .  The 
h inge  p l a t e s  were loca ted  dimensional ly  by means of pos i t i on ing  blocks 
using t h e  quadrant  a x i s  as a r e fe rence .  
assembly, t h i s  minimum type  of t o o l i n g  w i l l  no t  provide  t h e  alignment 
accuracy r equ i r ed  on MTA-4, and a s i m i l a r  t o o l  w i th  permanent l o c a t i n g  
blocks i s  planned f o r  Phase 111. 

Severa l  areas of mechanical i n t e r f e r e n c e  w e r e  discovered dur ing  t h e  
assembly of MTA-3. These were g e n e r a l l y  of a minor n a t u r e  and were 
co r rec t ed  by providing r e l i e f s  o r  a d j u s t i n g  t h e  l o c a t i o n  of t h e  i n t e r -  
f e r i n g  p a r t s .  
a t e d  i n t o  t h e  MTA-4 des ign .  

The subpanels  w e r e  

While s u i t a b l e  f o r  MTA-3 

These i t e m s  w e r e  noted and c o r r e c t i o n s  w e r e  incorpor-  
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Figure 5-11: ASSEMBLY OF MTA-3 

L e s s  obvious areas of i n t e r f e r e n c e  and mechanical i r r e g u l a r i t i e s  w e r e  
discovered during t h e  checkout and t e s t i n g  of MTA-3. For example, t h e  
ends of t h e  main hinge b o l t s  i n t e r f e r e d  wi th  t h e  d i s k s  r e t a i n i n g  t h e  
r e t a r d i n g  sp r ings  as c e r t a i n  angles  of deployment w e r e  reached. This  w a s  
co r rec t ed  by using s h o r t e r  b o l t s  and omi t t ing  t h e  c o t t e r  p ins .  The re- 
lease rod holding Subpanel 3 i n  t h e  stowed p o s i t i o n  a g a i n s t  Subpanel 
2 d i d  n o t  withdraw proper ly  because of f r i c t i o n  r e s u l t i n g  from in-  
he ren t  warpage of t h e  aluminum subpanel s t r u c t u r e .  The MTA-4 des ign  
of t h i s  mechanism is  being r ev i sed  t o  provide more r e l i a b l e  opera t ion .  

5.4.3 BEHAVIOR OF MECHANISMS 

Clvaing rnvmem i n  exce~a  ad d u i g n  lXmia2  wme incuntted wLthvU;t damage. 

The main subpanel  hinge and l a t c h  mechanisms w e r e  designed t o  withstand 
c los ing  v e l o c i t i e s  as high as 0.035 rad /sec .  The loads  i n  t h e  mechanisms 
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from such a c los ing  v e l o c i t y  would be  h ighes t  a t  t h e  Subpanel 1 t o  2 ,  
h inge  j o i n t  because t h e  h ighes t  r o t a t i o n a l  i n e r t i a s  and t h e  s h o r t e s t  
l a t c h  coupl ings are experienced a t  t h e  c l o s e  of Swing 2. 

During p r e t e s t  c a l i b r a t i o n s ,  v e l o c i t i e s  h igher  than  0.035 r a d / s e c  w e r e  
i n a d v e r t e n t l y  induced a t  t h e  c l o s i n g  of Swings 3 and 4. 
included t h e  i n e r t i a s  of Subpanels 3, 4 ,  and 5,  and t h e  a i r  s l e d ,  c losed  
once a t  0.088 rad / sec .  

Swing 3, which 

The angular  momentum generated by t h i s  c los ing  w a s  c a l c u l a t e d  and found 
t o  be about 7% h igher  than  t h e  momentum t h a t  would be generated i f  Swing 
2 c losed  i n  space f l i g h t  a t  0.035 r ad / sec .  

Because t h e  coupl ing d i s t a n c e  between t h e  h inge  b o l t  and t h e  l a t c h  is  
3.7 inches  a t  t h e  Subpanel 2 t o  3 j o i n t ,  bu t  on ly  3.2 inches  a t  t h e  Sub- 
pane l  1 t o  2 j o i n t ,  t h e  des ign  l i m i t  load f o r  t h e  h inge- la tch  coupl ing 
w a s  probably not  q u i t e  reached.  
c h a r a c t e r i s t i c s  f o r  t h e  aluminum MTA-3 subpanels are d i f f e r e n t  than  f o r  
MTA-4 bery l l ium subpanels  . 

It should be  noted f u r t h e r  t h a t  E 1  

While t h e r e  w a s  no test requirement t o  c l o s e  each deployment swing a t  t h e  
l i m i t  v e l o c i t y ,  t h e  f a c t  t h a t  h ighe r  c los ings  w e r e  experienced is f e l t  t o  
have q u a l i f i e d  t h e  t h r e e  outboard h inge  j o i n t s  f o r  c los ings  i n  excess  of 
0.035 r ad / sec .  

A t  c lo s ing  v e l o c i t i e s  below 0.025 r a d / s e c ,  the d iagonal  s t r u t  between t h e  
adapter  and Subpanel 1 d i d  n o t  lock  i n  t h e  f u l l y  deployed p o s i t i o n .  
The main s t r u t  assembly s t r a i g h t e n e d  s u f f i c i e n t l y  t o  hold Subpanel 1 
r i g i d l y  i n  t h e  f u l l y  deployed p o s i t i o n .  However, t h e  brac ing  l inkage  
t h a t  locks  t h e  s t r u t  i n  p l a c e  stopped about  5 degrees  s h o r t  of i t s  
intended 180-degree p o s i t i o n ,  as shown i n  F igure  5-12. A second sp r ing  
w a s  added t o  t h e  brac ing  l inkage ,  which then  locked proper ly  a t  lower 
c l o s i n g  v e l o c i t i e s .  

Var i a t ions  'from t h e  designed l eng ths  of t h e  va r ious  d iagonal  s t r u t  members 
a l s o  were not iced .  
t h e  Subpanel 1 a t  a deployed p o s i t i o n  91.5 degrees  from the f a c e  of 
the adap te r  and t o  hold t h e  Subpanel 1 1.5 degrees  from the f a c e  of 
t h e  adapter  i n  t h e  stowed p o s i t i o n .  
s e n t s  a b a s i c  s p a c e c r a f t  plane,  t h i s  cond i t ion  must b e  co r rec t ed  i n  t h e  
f i n a l  MTA-4 des ign .  
ad jus t ed  1.5 degrees  o f f  from t h e  b a s i c  s p a c e c r a f t  p lane .  

These v a r i a t i o n s  caused t h e  d iagonal  s t r u t  t o  l ock  

Since the f a c e  of t h e  adap te r  repre-  

However, f o r  Phase I1 test purposes the adap te r  w a s  

The overcenter  l a t c h e s  on t h e  upper s p a r s  only,  a t  Hinge Lines  2 through 5, 
sometimes d i d  no t  c r o s s  over c e n t e r  a t  lower c l o s i n g  v e l o c i t i e s .  The 
l a t c h e s  on t h e  lower s p a r s  c rossed  over proper ly  under a l l  condi t ions .  

F ive  p o s s i b l e  causes  are suggested: 

1 )  Warpage of t h e  aluminum panels  could cause  an  angular  l a g  of t h e  
upper spa r  behind t h e  lower spa r .  
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The i n e r t i a  e f f e c t  of t h e  a i r  s l e d  i s  g r e a t e r  a t  t h e  lower spar, ,  
t hus  providing a h igher  c l o s i n g  momentum. 

Corresponding upper and lower overcenter  l i n k s  may no t  
d r i l l e d  i n  i d e n t i c a l  p o s i t i o n s  relative t o  deployment o 

The l a t c h  s p r i n g  f o r c e  may be  i n s u f f i c i e n t .  

F r i c t i o n  due t o  misalignment of t h e  p ivo t  b o l t s  could i n h i b i t  
l a t ch ing .  

This  cond i t ion  d i d  n o t  appear t o  a f f e c t  angular  t ime-his tory r e s u l t s  so 
no f i x  w a s  made dur ing  t e s t i n g .  However, t h e  f o r c e  of t h e  c l o s i n g  s p r i n g  
has  been increased  and w i l l  b e  t e s t e d  i n  Phase 111. 

5.4.4 BEHAVIOR OF THE DEPLOYMENT MOTOR AND CABLE DRIVE SYSTEM 

The test ar t ic le  r epea ted ly  deployed i t s e l f  through each swing us ing  t h e  
deployment motor as t h e  only s i g n i f i c a n t  energy source .  Counting only 
s i g n i f i c a n t  tes t  runs ,  where no mechanical i r r e g u l a r i t i e s  were observed, 
t h e  equ iva len t  of s i x  complete deployments w a s  performed. 

The deployment motor operated s a t i s f a c t o r i l y  throughout a l l  t e s t i n g .  
t o t a l  of approximately 7.5 hours of motor-on t i m e  ( inc luding  reverse) 
w a s  logged. 

A 

Tensions i n  t h e  No. 1, o r  primary, deployment cab le ,  f o r  a l l  s i g n i f i c a n t  
test runs ,  d i d  n o t  exceed 6.5 pounds. Within t h i s  range t h e r e  w a s  no 
t ens ion  i n  t h e  No. 2 (o r  secondary) c a b l e  as i n d i c a t e d  a t  t h e  t ens ion  
readout  l i nkage  on t h e  adap te r .  Some t ens ion ,  less than  1 pound, could 
have been p resen t  a t  t h e  quadrant .  The l a c k  of t ens ion  i n  t h e  No. 2 c a b l e  
is  t h e  r e s u l t  of t h e  i n t e n t i o n a l  adjustments  of t h e  cab le  l eng ths  so 
t h a t  t h e  No. 1 c a b l e  w a s  about 7 pounds more t a u t .  

Closing rates f o r  each deploymeht swing gene ra l ly  w e r e  c l o s e  t o  t h e  theo- 
retical  s t i f f - c a b l e  rate determined by t h e  cons t an t  windup of t h e  motor 
drum. 
r e s p e c t i v e l y .  
No c l o s i n g s  approaching t h e  l i m i t  0.035 r ad / sec  w e r e  observed. 

The maximum and minimum c l o s u r e  rates were 0.025 and 0.007 r ad / sec ,  
Most c l o s i n g s  w e r e  i n  t h e  range of 0.010 t o  0.020 r ad / sec .  

Unexpected deformations of t h e  deployment cab le s  incu r red  dur ing  t e s t i n g  
a f f e c t e d  deployment behavior .  A s  t e s t i n g  proceeded, t h e  deployment cab le s  
w e r e  r epea ted ly  pu l l ed  over t h e  small-diameter r o l l e r s  ad jacen t  t o  t h e  
quadrants .  This  caused a series of wave-shaped deformations as shown i n  
F igure  5-13. This  cond i t ion  inf luenced  deployment behavior  i n  two ways: 
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1) 

2) Addi t iona l  f r i c t i o n  w a s  induced between 
guides .  S t a r t i n g  from a s l a c k  c a b l e  co e n t  mot o r  
had t o  p u l l  s u f f i c i e n t  t ens ion  i n t o  t h e  
deformations and a l low passage of t h e  cab le s  
A s  a r e s u l t ,  t h e  t e n s i o n  ind ica t ed  a t  t h e  se 
t h e  same as t h e  t ens ion  experienced out  a t  t 

The s p r i n g  cons t an t  of t h e  cab le s  w a s  changed. 

5.5 TEST ANALYSIS AND RESULTS 

I n  t h e  fol lowing paragraphs,  t h e  approach t o  t h e  a n a l y s i s  of t h e  MTA-3 
zero-g s imulated deployments is  desc r ibed ,  and t y p i c a l  comparisons be- 
tween i n i t i a l  c a l c u l a t i o n s  and measured deployments are shown. 
approach t o  r e s o l u t i o n  of shape d i sc repanc ie s  i s  descr ibed  and improve- 
ment necessary i n  Phase 111 discussed .  
no t  included.  Resu l t s  of s p e c i f i c  tes ts  not  amenable t o  a n a l y t i c  com- 
pa r i sons  are presented .  

The 

Details of t h e s e  ana lyses  are 

5.5.1 ANALYTICAL APPROACH 

The t ime-his tory motions f o r  t h e  main panels  are c a l c u l a t e d  wi th  t h e  
assumption t h a t  t h e r e  is  no coupl ing wi th  t h e  t r a n s i e n t  o s c i l l a t i o n  
motion. The fo lded  panel  se ts  are considered r i g i d .  The d i f f e r e n t i a l  
equat ion  used f o r  a n a l y s i s  is g iven  and d iscussed  i n  d e t a i l  i n  D2-113355-6, 
Page 3-15. 

I n i t i a l l y ,  ana lyses  w e r e  conducted f o r  space  and ground deployment using 
t h e  b e s t  a v a i l a b l e  d a t a ,  and wi th  v a r i a t i o n s  between expected l i m i t s  of 
s e l e c t e d  parameters.  These ana lyses  were used t o  e s t a b l i s h  conse rva t ive  
requirements  f o r  des ign  levels of mechanisms and s t r u c t u r e s  and t o  d e f i n e  
t h e  c h a r a c t e r i s t i c  response  due t o  t h e  parameters .  

With assumption of minimized e f f e c t  from GSE, t h e  t ime-his tory of t h e  
MTA-3 w i th  Visqueen membrane a t t ached  should b e  c l o s e l y  equ iva len t  t o  
MTA-4 i n  a i r ,  and t h e  motion of MTA-3 w i th  b a r e  frames should b e  equiva- 
l e n t  t o  MTA-4 i n  space.  

The GSE f i x t u r e  des ign  f o r  t h e  MTA-3 test  precluded a n  eva lua t ion  of t ran-  
sient loads  and motions. 
suppor t  w i th  overhead cab le s  f i x e d  t o  t h e  f i x t u r e  t h a t  introduced sp r ing  
f o r c e s  not  p re sen t  i n  t h e  MTA-4 test conf igu ra t ion .  With s t i f f n e s s e s  of 
t h e  aluminum MTA-3 s t r u c t u r e  d i f f e r i n g  i n  magnitude and d i s t r i b u t i o n ,  t h e  
dynamic response could be  expected t o  d i f f e r  from t h a t  f o r  t h e  MTA-4 
conf igu ra t ion .  

MTA-3 tests were s e l e c t e d  t o  v e r i f y  the parameter va lues  used f o r  des ign ,  
o r  t o  d e f i n e  a c t u a l  va lues  where a range  of va lues  w a s  used i n  a n a l y s i s .  

Dele t ion  of t h e  overhead bear ings  r equ i r ed  
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5.5.2 RESULTS OF DEPLOmENT CALCULATIONS WITH NOMINA 

Calculat2ons de f o r  a l l  t e s t e d  deploym 

va lues  cond i t ion .  During approximately t 
ment, t h e  g e n e r a l  c h a r a c t e r i s t i c s  of t h e  
p a r t  of t h e  deployment, t h e  c a l c u l a t e d  curves o s c i l l a t e d  wi th  pe r iods  of 
c a b l e  t e n s i o n  and s l a c k  cab le ,  whereas t h e  measured deployments always 
i n  u t  a n e a r l y  s t r a i g h t  
li 

Analysis  w i th  a d d i t i o n s  of f r i c t i o n  
tests showed an  i n i t i a l  s l a c k  t e n s i o n  i n t e r v a l  of much s h o r t e r  d u r a t i o n  

and somewhat s h o r t e r  than  measured 
ent , .  t h e  frequency o 
a l c u l a t i o n s  and t h e  s g r e a t e r  t han  f o  

s a m e .  A s  could be  expected,  t h e  
a cond i t ion  where t h e  c a b l e  w a s  

r e s u l t s  and tes t  r e s u l t s  

RESOLUTION ALCULATED DEPLOYMENT 

t 

The d i d g m e n c u  be;tween khe p e d i c t e d  and meailwed nomind deployed 
&apu cun be h u o l v e d  by udjun;tmevLt 06 khe @iction p a n a m a m .  

Dif f ererices meadured and c a l c u l a t e d  t ime-h i s to r i e s  are an  ind ica-  
nvolved i n  t h e  a c t u a l  deployment than  w a s  

t h e  magnitudes and d i s t r i b u t i o n  of t h e  
ect. To e v a l u a t e  and a r r i v e  a t  conclu- 
Bauses' of t h e  d i f f e r e n c e s  must b e  de t e r -  

mined and t h e  probable  sou rce ,  NTA-3 o r  GSE, be de f ined .  The i n d i c a t e d  
areas of i n v e s t i g a t i o n  from comparison of t h e  test and c a l c u l a t e d  curves 
and fro'm t h e  te&t %%'';We m a r i a t i o n s  i n  t h e  i n i t i a l  t ens ions  .and/or 
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v e l o c i t y  f o r  t h e  Type 1 ( i n i t i a l  v e l o c i t y )  curves ,  p o s s i b l e  incomplete 
e l imina t ion  of t h e  hangups a t t e n d a n t  t o  t h e  f a i r i n g  problem, and i n c l u s i o n  
of f r i c t i o n  v a l u e s . d i f f e r e n t  from those  ind ica t ed  from t h e  s ta t ic  and 
sigma r e s i s t a n c e  tests. 

The p o s s i b i l i t y  e x i s t e d  t h a t  t h e  nonl inear  c a b l e  s t i f f n e s s  va lues  measured 
a f t e r  t h e  deployment tests were n o t  cons tan t  dur ing  t h e  recorded tests. 
The c a b l e  deformations ( ev iden t ly  r e spons ib l e  f o r  t h e  double-slope, load- 
d e f l e c t i o n  curve)  could have changed from r e p e t i t i v e  loadings.  Comparison 
of experimental  and c a l c u l a t e d  r e s u l t s  dur ing  t h e  last 60 degrees  of some 
deployments seems t o  i n d i c a t e  t h a t  a h ighe r  motor speed could have been 
used. 
p l a i n  t h e  major d i sc repanc ie s .  

These, however, were l i k e l y  t o  be  s m a l l  changes and would no t  ex- 

Four r eg ions  of t h e  deployment became apparent  as t h e  c a l c u l a t e d  and 
measured shapes w e r e  compared, as shown by Figure  5-16. During t h e  f i r s t  
per iod ,  reasonable  agreement can b e  shown wi th  some nominal c a l c u l a t i o n  
curves,  i n d i c a t e d  as Region I. During t h e  next  pe r iod ,  t h e  measured 
curve i n d i c a t e s  t h a t  t h e  coas t ing  system has l o s t  energy not  accounted f o r  
by t h e  a n a l y s i s .  
h i s t o r y ,  c h a r a c t e r i s t i c a l l y  almost a s t r a i g h t  l i n e  and showing n e a r l y  
uniform c a b l e  t ens ion .  

Region 111 is a t r a n s i t i o n  r eg ion  t o  a deployment t i m e -  

For Type 1 tests, t h e  match i n  Region I could b e  improved by making s m a l l  
adjustments  t o  t h e  i n i t i a l  c a b l e  t e n s i o n  and/or  i n i t i a l  v e l o c i t y .  
ad jus tments ,  where made, w e r e  s m a l l  and w i t h i n  t h e  measurement e r r o r .  

The 

For Type 2 (zero  i n i t i a l  v e l o c i t y )  tests, t h e  match i n  Region I w a s  more 
d i f f i c u l t  t o  a d j u s t  s i n c e  t h e  p o s i t i o n  and t i m e  of i n i t i a l  motion were n o t  
w e l l  def ined  . 
The importance of matching t h e  f i r s t  loop of t h e  deployment is  se l f - ev iden t  
s i n c e  i t  e s t a b l i s h e s  t h a t  t h e  c a b l e  s t i f f n e s s ,  r e t a r d i n g  and negator  
s p r i n g  rates, and panel  i n e r t i a s  are known wi th  accep tab le  accuracy. 
This  means ' that  d e v i a t i o n  from t h e  c a l c u l a t e d  deployment has  t o  be  accounted 
f o r  from a r r a y  f r i c t i o n s  and GSE i n p u t s .  Fur ther  a n a l y s i s  can e s t a b l i s h  
t h e  magnitude and p o s i t i o n  of f r i c t i o n a l  f o r c e s  t h a t ,  when app l i ed  t o  t h e  
nominal deployment, r e s u l t  i n  accep tab le  matching of t h e  a c t u a l  t i m e  de- 
ployment h i s t o r y .  

I n  t h e  second reg ion ,  two methods w e r e  used t o  o b t a i n  i n i t i a l  estimates 
of t h e  magnitude and d i s t r i b u t i o n  of t h e  change i n  energy apparent  i n  t h e  
a c t u a l  deployments. The magnitude of t h e  deploying moments w a s  ob ta ined  
from t h e  a c t u a l  deployment t ime-his tory by t ak ing  g raph ic  second der iva-  
t ives of t h e  a c t u a l  t ime-his tory.  Comparison of t h e s e  a c c e l e r a t i o n s  and 
t h e  c a l c u l a t e d  va lues  d e f i n e s  t h e  level and d i s t r i b u t i o n  of moments t o  b e  
added t o  t h e  a n a l y t i c a l  c a l c u l a t i o n .  The second method used w a s  t o  relate 
t h e  d i f f e r e n c e  i n  t h e  change i n  energy of t h e  actual deployment and t h e  
a n a l y t i c a l  deployment over  a g iven  displacement t o  an  incrementa l  cons tan t  
to rque  over t h e  g iven  displacement .  The deployment shape i n  t h e  second 
r eg ion  thus  w a s  matched us ing  these techniques ,  t oge the r  wi th  s m a l l  
a r b i t r a r y  adjustments  i n  t h e  f r i c t i o n  levels and/or  d i s t r i b u t i o n  as 
necessary.  
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8 

T i m e  (seconds) 

Figure 5-1 6: C H A R A C T E R I S T I C  DEPLOYMENT R E G I O N S  
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The f o u r t h  r eg ion  had a n  obvious,  b u t  s t a t i s t i c a l l y  u n l i k e l y ,  p o s s i b l e  
s o l u t i o n .  Previous ana lyses ,  where t h e  i n i t i a l  v e l o c i t y  of t h e  deploy- 
ment w a s  n e a r l y  t h e  same as t h e  nominal ( r i g i d  cab le )  v e l o c i t y ,  had shown 
a t ime-his tory wi th  ve ry  s m a l l  o s c i l l a t i o n s  e s s e n t i a l l y  p a r a l l e l  t o  t h e  
nominal l i n e .  If t h e  t r a n s i t i o n  r eg ion  ended wi th  t h e  same v e l o c i t y  as 
t h e  nominal, and i f  t h e  c a b l e  t e n s i o n  torque  w a s  balanced by t h e  r e t a r d i n g  
s p r i n g  and by a f r i c t i o n  torque ,  t h e  motion would be  i n i t i a l l y  p a r a l l e l  
t o  t h e  nominal curve and only s m a l l  o s c i l l a t i o n s  would b e  expected. The 
coincidence of balanced f o r c e s  a t  t h e  equal-veloci ty  cond i t ion  f o r  t h r e e  
of t h e  f i v e  deployment swings w a s  t h e  d e t e r r e n t  t o  t h i s  approach. 
ever, i f  t h e  motion w e r e  adequately s i m i l a r  wi th  less than  a complete 
ba lance  of t o rques ,  a n  accep tab le  i n d i c a t i o n  of t h e  reason  f o r  t h e  charac- 
ter is t ic  motion would b e  def ined .  

How- 

5.5.4 ANALYSIS OF AERODYNAMIC TEST DATA 

The a n a l y s i s  f o r  t h e  e f f e c t  of a i r  conducted e a r l y  i n  t h e  program showed 
a n  apprec i ab le  change i n  t h e  deployment c h a r a c t e r i s t i c  because of esti- 
mated drag fo rces .  During Phase 11, t h e  e f f e c t  of a i r  i n e r t i a  w a s  in -  
c luded,  using as a b a s i s  f o r  t h e  a n a l y s i s  t h e  d a t a  from a group of experi-  
mental  eva lua t ions  from a 1941 NACA t e c h n i c a l  r e p o r t .  The r e s u l t s ,  
inc luding  bo th  i n e r t i a  and damping f o r  t h e  Swing 1 test cond i t ion ,  tended 
t o  a l leviate  the d i f f e r e n c e s  as i t  d i d  f o r  Swings 2 and 3. 
i n c r e a s e  i n  i n e r t i a  f o r  Swings 4 and 5 due t o  a i r  i s  much g r e a t e r  than  
f o r  1, 2, and 3. The r e s u l t  i s  t h a t  dur ing  t h e  lat ter p o r t i o n  of deploy- 
ment t h e  i n e r t i a  e f f e c t  exceeds t h e  a i r -drag  e f f e c t  and a cons iderable  
d i f f e r e n c e  appears  i n  t h e  oppos i t e  d i r e c t i o n .  These e f f e c t s  w e r e  no t  
seen  i n  measured deployments s i n c e  t h e  ind ica t ed  e f f e c t  i s  l a r g e  only 
dur ing  t h a t  p o r t i o n  where p e r t u r b a t i o n  f o r c e s  w e r e  l a r g e .  

The relative 

5.5.5 I N I T I A L  VELOCITY MEASUREMENT 

For t h e  i n i t i a l  v e l o c i t y  of t h e  second and f o u r t h  swings,  a n a l y s i s  p r e d i c t s  
a n  i n i t i a l  v e l o c i t y  between 40 and 50% of t h e  f ina l  v e l o c i t y  of  Swings 1 
and 3 .  For Swings 3 and 5,  the r a t i o  i s  near  90%. 

A s e q u e n t i a l  deployment demonstrat ion w a s  set up f o r  Swings 1 and 2 wi th  
some adjustment  of t h e  s l e d  p o s i t i o n  under t h e  pane l s ,  and wi th  t h e  added 
weights  on Pane l  2 s h i f t e d  t o  new p o s i t i o n s .  
t i o n  w a s  t o  deploy cont inuously through c l o s i n g  of Panel  1 and i n i t i a l  
motion of Panel  2,  which r equ i r ed  t h a t  t h e  outboard end of Panel  1 should 
no t  be  supported by the overhead cab le .  F igure  5-17 i s  a copy of t h a t  
record  and provides  a q u a l i t a t i v e  v e r i f i c a t i o n  of t h e  a n a l y s i s .  

The o b j e c t  of t h e  demonstra- 
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Figure 5-1 7: S E Q U E N T I A L  DEPLOYMENT DEMONSTRATION 

5.5.6 DIAGONAL STRUT LOADING 

S t r a i n  gage measurements of t h e  t r a n s i e n t  loads i n  t h e  d iagonal  s t r u t  
show maximum load  occurr ing  a t  t h e  conclusion of t h e  f i r s t  swing as pre- 
d i c t e d  by a n a l y s i s  (Reference D2-113355-4, Pages 6 t o  82 ) .  The peak 
i n i t i a l  va lue  ( t ens ion )  w a s  130 pounds and t h e  peak compression va lue  w a s  
110 pounds. 

The cr i t ical  Euler  load f o r  t h e  s t r u t  is 262 pounds, bu t  i s  c a l c u l a t e d  
f o r  a c l o s i n g  v e l o c i t y  about t w i c e  t h e  va lue  used exper imenta l ly .  
i n c r e a s e  i n  moment of i n e r t i a  f o r  t h e  f i r s t  pane l  i s  r e spons ib l e  f o r  some 
i n c r e a s e  i n  t h e  measured load  as compared t o  t h e  p red ic t ed  va lue .  

An 

The a c t u a l  margin f o r  t h e  dynamic case being considered is much g r e a t e r  
than  is  i n d i c a t e d  by t h e  Euler  load  c a p a b i l i t y .  Af t e r  t h e  Euler  load  is 
reached,  t h e  s t r u t  w i l l  absorb a l a r g e  amount of k i n e t i c  energy be fo re  
f a i l u r e  stresses are reached. The measured stress i n  t h i s  test w a s  only 
1,700 l b / s q  i n .  
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5.5.7 APPLICATION O F  PHASE I1 RESULTS TO PHASE I11 TESTING AND ANALYSIS 

The MTA-3 tests u t i l i z e d  overhead cab le s  f o r  suppor t  of t h e  deployed panels  
and w a s  no t  designed t o  t h e  s t i f f n e s s  c h a r a c t e r i s t i c s  of t h e  bery l l ium 
MTA-4 a r r a y .  Consequently, t h e  t r a n s i e n t  loads t h a t  occur when each panel  
locks  a t  t h e  end of i t s  deployment is no t  modeled and motions and stresses 
are no t  t hose  of t h e  bery l l ium s t r u c t u r e .  

To ensure  t h a t  t h e  a r r a y  w i l l  deploy s u c c e s s f u l l y  i n  space ,  it must be  
exposed t o  t h e  environments i t  w i l l  experience be fo re  deployment and t o  
t h e  a c t u a l  loads  i t  w i l l  exper ience  dur ing  deployment. Phase 111 provides  
f o r  each environmental  test  t o  be  followed by deployment wi th  overhead 
a i r  bear ings .  

The r e s u l t s  of a n a l y s i s  of t h e  MTA-3 test  ind ica t ed  several areas i n  t h e  
GSE deployment f i x t u r e  and i n  t h e  mechanism des ign  and cons t ruc t ion  where 
improvements are needed t o  perform a n  adequate  test wi th  MTA-4. 
a d d i t i o n a l  test  procedures are needed t h a t  w i l l  b e t t e r  d e f i n e  and s e p a r a t e  
t h e  e f f e c t s  of t r a c k  s l o p e  and a r r a y  f r i c t i o n .  A s  a r e s u l t  of t h e  test  
a program of c a l c u l a t e d  s o l u t i o n s  f o r  t h e  continuous deployment of a l l  
f i v e  swings, w i th  primary a t t e n t i o n  t o  t h e  v a r i a t i o n  i n  level and d i s t r i -  
bu t ion  of f r i c t i o n  f o r c e s ,  i s  ind ica t ed  as necessary.  

Some 

5.6 CONCLUSIONS 

5.6.1 CONCLUSIONS CONCERNING MECHANISMS 

The cons t ruc t ion  of t h e  MTA-3 test ar t ic le  provided t h e  engineer ing p r o j e c t  
w i th  a f u l l y  o p e r a t i o n a l  mockup. 
provided a measure of t h e i r  ope ra t ing  c h a r a c t e r i s t i c s  under a s imulated 
zero-g environment. 

The u s e  of f l i g h t  p ro to type  mechanisms 

The deployment d r i v e  concept has proved t o  be a sound method of developing 
main pane l  opening h inge  moments. 
upper output  l i m i t  (60-pound c a b l e  p u l l ) .  The Monel c a b l e  proved t o  b e  
too  s t i f f  t o  o p e r a t e  around t h e  guide  r o l l e r s .  
r e s u l t e d  and, a l though t h e  cab le  s t r e n g t h  w a s  n o t  a f f e c t e d ,  t h e  negator  
s p r i n g  w a s  incapable  of conta in ing  t h e  deformed c a b l e  i n  t h e  quadrant  
grooves under ze ro  c a b l e  load.  

The deformations a l s o  proved troublesome i n  t h e  dynamic a n a l y s i s  because 
t h e  sp r ing  rate changed s i g n i f i c a n t l y  during deployment. It is  concluded 
t h a t  a c a b l e  change i s  necessary.  

The motor a t  no t i m e  approached t h e  

Permanent deformations 
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A change t o  a h igh-s t rength  f l a t  t a p e  (perhaps E lg i loy )  would r e s u l t  i n  
about  a 4-pound weight sav ing  and e l i m i n a t e  t h e  v a r i a b l e  sp r ing  rate 
problem. 
t h e  s p a c e c r a f t  and t o  t h e  da rks ide  of Main Subpanel 1. 
t o  f l a t  t a p e  would be  loca ted  50 inches  outboard of t h e  Panel  1 quad- 
r a n t ,  and would provide  a connect ion of both t h e  primary and backup c a b l e  
t o  a s i n g l e  f l a t  t ape .  The t a p e  method provides  t h e  unique oppor tuni ty  
of f a b r i c a t i n g  t h e  exac t  s p r i n g  r equ i r ed  by reducing t h e  t a p e  width over 
a s e l e c t e d  l eng th .  A 0.003- by 0.50-inch t a p e  w i l l  n o t  t a k e  a permanent 
set moving around t h e  r o l l e r s .  

The Monel c a b l e  s t i l l  would be  used from t h e  motor drum through 
The t r a n s i t i o n  

Although t h e  d iagonal  s t r u t  m e t  t h e  program f u n c t i o n a l  o b j e c t i v e s ,  two 
des ign  problem areas were uncovered. The l a t c h  s t r u t  deployment s p r i n g  
proved t o  b e  too  weak t o  perform i t s  des ign  func t ion .  
t h a t  s ecu re  t h e  l a t c h  s t r u t  i n  t h e  extended p o s i t i o n  w e r e  bonded t o  t h e  
s t r u t  l i n k s  wi th  RTV-630 adhesive.  During t h e  test program, one washer 
broke i t s  bond and w a s  rebonded wi th  BMS 5-29, Type 11, adhesive.  The 
drawing is  being r ev i sed  t o  change t h e  bond material. 

The locking washers 

Diagonal s t r u t  loads  were l a r g e r  than  expected, b u t  w e r e  w i t h i n  t h e  de- 
s i g n  c a p a b i l i t y  of t h e  s t r u t .  

Main pane l  h inge  sets f o r  t h e  2-3 and 4-5 pane ls  had an  i n t e r f e r e n c e  as 
t h e  2-3 l a t c h  reached i t s  maximum travel ( see  F igure  5-18). 
assemblies  w e r e  reversed  on MTA-3 so t h a t  t e s t i n g  could cont inue ,  and 
t h e  drawing has  been r ev i sed  t o  r e f l e c t  t h e  change. 
a r y  shea r  p i n  r e t r a c t i o n  method has  been designed. 

The h inge  

A compatible a u x i l i -  

The Subpanels 5A and 5 B  release b racke t s  would no t  ope ra t e  due t o  a 
phys ica l  i n t e r f e r e n c e  w i t h  both  t h e  quadrant  and t h e  Geneva opera tor  b o l t  
head (see Figure  5-19). Drawings have been r ev i sed  t o  r e f l e c t  t h e  change. 

The outboard pane l  s t a c k  release rods  a t  t h e  2-3, 3-4, and 4-5 j o i n t s  
had a tendency t o  hang up on b o l t  ends and n u t s  of t h e  negator  mounting 
b racke t s .  Bo l t s  w e r e  reversed ,  as shown i n  F igure  5-20, t o  e l i m i n a t e  t h e  
i n t e r f e r e n c e .  

The Geneva guard i n t e r f e r e d  wi th  t h e  i n t e r n a l  r a d i u s  of t h e  quadrant  a t  
t h e  fay ing  s u r f a c e  and r equ i r ed  rework. 

The Subpanel 1- to-spacecraf t  quadrant  has  a cam between t h e  h inge  
f i t t i n g  and quadrant ,  which w a s  i n s t a l l e d  w i t h  round head rivets. 
heads i n t e r f e r e d  wi th  t h e  h inge  f i t t i n g  and w e r e  removed and countersunk. 

Rivet 

The mi l l ed  head b o l t s  of t h e  d iagonal  s t r u t  l ock  b race  i n t e r f e r e d  wi th  
t h e  main s t r u t  tube  i n  t h e  stowed p o s i t i o n .  
on MTA-3. The drawing has  been changed t o  u s e  countersunk b o l t s  t o  ensure  
adequate  clearance. 

The heads w e r e  ground down 

It w a s  found dur ing  t e s t i n g  t h a t  t h e  b e l l  c rank  on t h e  Panels  3 and 5 
center-spar  releases, t h e  Panel  5 a u x i l i a r y  pane l  releases, and t h e  Geneva 
ope ra to r s  d i d  n o t  have a n  adequate  a spec t  r a t i o  ( l eng th  t o  diameter)  a t  
t h e  mounting s h a f t .  
The des ign  has  been changed t o  overcome t h i s  des ign  de f i c i ency .  

Th i s  r e s u l t e d  i n  excess ive  wobble dur ing  ope ra t ion .  
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Figure 5-19: PANEL 5 A  & 5B RELEASE BRACKET MODIFICATION 
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Figure 5-20: I N T E R F E R E N C E  PROBLEMS 

Link lengths  and ho le  l o c a t i o n s  on t h e  main panel  l a t c h e s  allowed over- 
t r a v e l  on l a t c h i n g .  Under c e r t a i n  maneuver loads ,  pane l  j o i n t s  could 
work excess ive ly .  
a l l e v i a t e  t h i s  problem. Adjustable  b o l t  s t o p s  were i n s t a l l e d  on MTA-3 
under each l a t c h  t o  prevent  pane l  reversal during locking.  

A new geometry and l inkage  l eng th  were e s t ab l i shed  t h a t  

It w a s  found t h a t  shear  pinhole-to-release-rod d i ame t ra l  c learance  f o r  
both main and a u x i l i a r y  subpanels w a s  not  adequate f o r  a l l  opera t ing  
condi t ions .  Larger ho le s  w i l l  be  d r i l l e d  i n  shear  p i n  b racke t s  i n  Phase 
111. 

Each r o t a r y  j o i n t  i n  t h e  mechanical system used b o l t s  secured wi th  castle 
n u t s  and c o t t e r  p ins  as t h e  p i v o t .  
gages w a s  requi red  t o  make c e r t a i n  t h a t  t h e  b o l t s  would no t  cause rubbing 
f r i c t i o n  i n  t h e  fay ing  su r faces  due t o  b o l t  t ens ion .  A des ign  change has  
been made t o  use  s impler  p ins  and locking r i n g s  wherever pract ical .  

I n s t a l l a t i o n  c o n t r o l  using th ickness  

The o r i g i n a l  des ign  requi red  t h a t  h inges  and quadrants  be p r e d r i l l e d  and 
loca ted  be fo re  d r i l l i n g  t i t an ium mounting c l i p s  t o  match. A des ign  change 
has  been made t o  a l low p r e d r i l l e d  t i t an ium c l i p s .  
p l a t e s  and quadrants  w i l l  be  d r i l l e d  on assembly t o  match i n  Phase 111. 

The aluminum hinge  
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5.6.2 CONCLUSIONS CONCERNING DEPLOYMENT VERIFICATION TESTS AND ANALYSIS 
OF TEST DATA 

The a d y a A  ob MTA-3 deployment ten;tn nhaw Rhut changu CVL 

auccen~&.iL pm~omance ob MTA-4A Xu&, and ;to emme ;the c a p a b U y  ad 
khe m y  ;to d e p b y  in apace. 

in 
t h e  mechanbm and GSE d a i g n ,  and in Rhe R e n t  phaceduku Ro ve a 

Evalua t ion  of t h e  p e r t u r b a t i o n  f o r c e s  necessary t o  show accep tab le  cor re-  
l a t i o n  between measured and c a l c u l a t e d  deployment motions show t h a t  some 
r e s i d u a l  hangup f o r c e s  e x i s t e d  between t h e  a i r - s l ed  f e e t  and t h e  t r a c k ,  
and t h a t  h inge  f r i c t i o n s  w e r e  l a r g e  over a p o r t i o n  of t h e  deployments. 

Well-developed c a b l e  deformations observed dur ing  t h e  deployment measure- 
ments demonstrate a lack of r e p e a t a b l e  c h a r a c t e r i s t i c s  f o r  t h e  c a b l e  
s t i f f n e s s  i n  s e q u e n t i a l  deployments. 

Improvement i n  t h e  d a t a  measuring system t o  o b t a i n  v a l i d  cab le  t ens ion  
readings  i n  t h e  low-load-level r eg ion  i s  requ i r ed .  

Measured motor speeds are gene ra l ly  h ighe r  than  t h e  manufac turer ' s  nominal 
during deployment by 8% and i n  some deployments appear t o  exceed t h e  m a x i -  
mum speed to l e rance .  This  cond i t ion  ev iden t ly  r e s u l t s  from a n a t u r a l  
wearing-in of t h e  harmonic d r i v e  reducers  and y i e l d s  an  e f f i c i e n c y  inc rease .  
Future  procurement must 
tests t o  reduce t h i s  v a r i a t i o n  i n  performance. 

provide  f o r  a wear-in per iod  dur ing  acceptance 

Procedure changes t h a t  w i l l  i nc lude  p rov i s ions  t o  measure and s e p a r a t e  t h e  
t r a c k  s l o p e  and t h e  pane l  f r i c t i o n  e f f e c t s  are r equ i r ed  f o r  Phase 111. 
r e r u n  of some panels  w i th  a p l a s t i c  membrane is  needed i n  Phase I11 t o  
o b t a i n  aerodynamic d a t a .  

A 

Recommendations are made i n  Sec t ion  5.6.1 f o r  t h e  c a b l e  changes, Sec t ion  
3.1.7 f o r  h inge  al ignments ,  and Sec t ion  5.6.2 f o r  t h e  a i r - s l e d  c l ea rance ,  
improvements i n  t h e  d a t a  system, and procedure changes. 

The recommended changes and a d d i t i o n s  w i l l  a l low a s u c c e s s f u l  performance 
of Phase 111 deployment tests and provide  test  d a t a  t o  s u f f i c i e n t  accuracy 
t o  a n a l y t i c a l l y  e s t a b l i s h  t h e  c a p a b i l i t y  of t h e  a r r a y  t o  deploy i n  space.  

5.6.3 CONCLUSIONS CONCERNING DEPLOYMENT TEST EQUIPMENT 

The deployment q G p m e n t  and p m c e d u t u ,  wLth phnned  modi~ica;tiom, wLU 
be aulikablk don P h a e  111 deployment R a k i n g .  

T h e  test equipment performed t h e  r equ i r ed  func t ions  throughout Phase 11. 
The equipment allowed t h e  deployment of each set of main subpanel  u n i t s  
of MTA-3 w i th  t h e  f l i g h t  p ro to type  deployment motor as t h e  only source  of 
energy. The extreme freedom of motion allowed by t h e  a i r -bear ing  

5-37 



D2-113355-7 

unde rca r r i age  system proved t o  be  extremely v a l u a b l e  i n  determining t h e ,  
e f f e c t s  of t h e  minute changes i n  f o r c e s  t h a t  would i n f l u e n c e  t h e  deploy- 
ment of a s i m i l a r  a r r a y  i n  space. 
t h e  s u p e r i o r i t y  of t h e  passive, minimum f r i c t i o n ,  ground-deployment 
concept i n  ob ta in ing  u s e f u l  test d a t a  f o r  t h i s  o r  any s i m i l a r  l a r g e ,  
l i gh twe igh t ,  space-deployable s t r u c t u r e .  I n  t h i s  r e s p e c t ,  t h e  deployment 
equipment used i n  t h e s e  tests can be  considered prepro to type  f o r  f u t u r e  
f l i g h t  acceptance test equipment. 

These tests are f e l t  t o  have confirmed 

With t h e  a d d i t i o n  of planned modi f ica t ions  and a few minor improvements, 
t h e  test  equipment and procedures  w i l l  be  s u i t a b l e  f o r  t h e  f u t u r e  t e s t i n g  

t h e  bery l l ium a r r a y .  Planned mod i f i ca t ions  inc lude :  

The Addit ion of Overhead A i r  Bearings---These w i l l  a l low c l o s e  con- 
t r o l  of t h e  c l o s i n g  v e l o c i t i e s  and c a b l e  t ens ions  f o r  t h e  last 20 
degrees  of a given deployment swing, so  t h a t  t h e  t r a n s i e n t  as w e l l  
as t ime-his tory e f f e c t s  on t h e  succeeding set of subpanels  can be 
determined. 

Provis ions  f o r  Indexing t h e  Deployment Angle Ins t rumenta t ion  t o  t h e  
Array---This w i l l  e l imina te  t h e  need t o  r e c a l i b r a t e  f o r  t h e  deploy- 
ment degrada t ion  tests run a f t e r  each environmental  test .  

The Addit ion of S p e c i a l  F i t t i n g s  f o r  t h e  Attachment of t h e  Overhead 
Suspension Lines t o  t h e  Beryll ium Subpanels---This w i l l  minimize GSE 
loads  on t h e  bery l l ium s t r u c t u r e .  

The Addit ion of Operating Check L i s t s  and Handling Precaut ions  t o  
t h e  Operat ing Procedures---These a d d i t i o n s ,  which w e r e  developed 
dur ing  Phase I1 t e s t i n g ,  w i l l  reduce any chance of damage t o  t h e  
bery l l ium a r r a y  during deployment t e s t i n g .  

I n  a d d i t i o n  t o  t h e s e  prev ious ly  planned mod i f i ca t ions ,  c e r t a i n  equipment 
and procedura l  changes are recommended f o r  Phase 111. These changes, 
descr ibed  below, w i l l  r e s u l t  i n  more a c c u r a t e  test d a t a  and minimize t h e  
chance of damage t o  MTA-4. 

Revise  t h e  cab le  tension-sensing l i nkage  t o  i n c r e a s e  s e n s i t i v i t y  i n  
t h e  0- t o  10-pound range. 

Revise  t h e  a i r - s l e d  a i r  bea r ings  t o  i n c r e a s e  t h e  opera t ing  gap be- 
tween t h e  bea r ings  and t h e  t r a c k ,  and t o  reduce d e f l e c t i o n  of t h e  
bear ings  t o  minimize t h e  change of hangups. 

Revise  t h e  ope ra t ing  procedures t o  provide  f o r  moving t h e  a i r  s l e d  
under MTA-4 from a n  i n i t i a l  p o s i t i o n  f o r  Swings 1 and 2 t o  a second 
p o s i t i o n  f o r  Swings 3, 4,  and 5. This  w i l l  more evenly ba lance  t h e  
load on t h e  two most heav i ly  loaded bear ings .  This  change and I t e m  
2 ,  above, combined wi th  t h e  t r a c k  j o i n t  condi t ion ing  procedure de- 
veloped dur ing  t h e s e  tests w i l l  ensure  t h e  completely f r e e  opera t ion  
of t h e  a i r  s l e d  i n  f u t u r e  t e s t i n g .  
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Add a p a i r  of jackscrew beams t o  t h e  
f o r  u s e  i n  suppor t ing  MTA-4 wh i l e  t h e  ed 
above. These ,beams should b e  er 
s p a r s  of MTA-4, and should pro  
i n  t h e  range of travel necessary  t o  li 

The u s e  of t h e  heav ie r ,  l e s s - s e n s i t i v e  poten t iometers  a t  each h inge  
j o i n t  is recommended f o r  Phase 111 t e s t i n g .  

A clamp-type device  is  recommended t o  lock  t h e  deployment a n g l e  
potent iometer  t o  t h e  N o .  1 subpanel.  

The deployment equipment checkout,  us ing  MTA-3, should inc lude  a 
complete deployment t o  v e r i f y  t h e  freedom of o p e r a t i o n  of t h e  over- 
head a i r  bea r ings  and a i r  s l e d .  MTA-3 should b e  used t o  perform a 
complete checkout of t h e  procedures f o r  loading ,  handl ing,  and re- 
moving MTA-4 from t h e  deployment f i x t u r e .  
such as t h e  handl ing s l i n g ,  should b e  used. 

All a n c i l l a r y  equipment, 

The i n i t i a l  t e s t i n g  of MTA-4 should inc lude  t h e  c a l i b r a t i o n ,  and 
doweling i n  p l a c e  f o r  la ter  removal and replacement,  of t h e  deploy- 
ment angle  ins t rumenta t ion .  An accura t e  c a l i b r a t i o n  should be  pro- 
vided f o r  t h e  l a s t  20 degrees  of each deployment Swing s o  t h a t  c los ing  
v e l o c i t i e s  and c los ing  c a b l e  tens ions  can be  dup l i ca t ed  l a te r  w i t h i n  
t h e  requi red  ranges.  Var i a t ions  i n  d i s t a n c e  from c los ing  and i n i t i a l  
c a b l e  t ens ion  should be  used t o  achieve  c los ing  cond i t ions  w i t h i n  the 
requ i r ed  ranges.  Two X-Y p l o t t e r s  should b e  employed t o  monitor bo th  
h i n g e l i n e s  dur ing  con t ro l l ed  s t a r t i ng -cond i t ion  t e s t i n g .  

The deployment degrada t ion  tests involve  complete, unass i s t ed  deploy- 
ment immediately a f t e r  each environmental  test. 
through can be  allowed o r  evidence of degrada t ion  would be obscured. 
To e l i m i n a t e  t h e  p o s s i b i l i t y  of a i r -bear ing  hangups, t h e  t ende r  s l e d ,  
a t  low a i r  p re s su re ,  should be  used t o  check the a i r -bear ing  track 
before’  each deployment swing. 

No manual walk- 

I n  a d d i t i o n  t o  t e s t i n g  func t ions ,  t h e  deployment equipment proved t o  b e  
ve ry  u s e f u l  i n  checking o u t  t h e  i n s t a l l a t i o n  of t h e  mechanisms on t h e  
subpanel  s t r u c t u r e s .  The suspension of t h e  f i v e  m a i n  subpanels  on t h e  
s o f t  overhead l i n e s  allowed t h e  s e p a r a t i o n  of any p a i r  of subpanels  wi th  
a minimum of handl ing.  Subpanels could b e  he ld  a p a r t  simply by ty ing  them 
i n  t h e  d e s i r e d  p o s i t i o n  wi th  s t r i n g .  This  proved t o  b e  a s a f e  and conven- 
i e n t  method of ga in ing  access f o r  minor reliefs and adjustments .  
stowing t h e  completely assembled a r r a y ,  t h e  f r e e  motion allowed by t h e  
deployment equipment allowed t h e  d e t e c t i o n  of s m a l l  f r i c t i o n s  and mechanical 
i r r e g u l a r i t i e s .  

I n  
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6.0 HANDLING EQUIPMENT AND PHASE I11 PRELIMINARY DESIGN (TASK 5), 

Task 5 cons i s t ed  of t h e  des ign  and f a b r i c a t i o n  of necessary Phase I1 
handl ing equipment and t h e  pre l iminary  des ign  of i d e n t i f i e d  Phase I11 
ground equipment. 

Phase I1 handl ing equipment w a s  designed,  f a b r i c a t e d ,  and s u c c e s s f u l l y  
employed f o r  t h e  t r a n s p o r t  of MTA-1. T e s t s  t o  e s t a b l i s h  f i t  and f u n c t i o n  
and t o  determine equipment performance under t y p i c a l  opera t ing  cond i t ions  
w e r e  conducted p r i o r  t o  use  wi th  t h e  bery l l ium test  a r t i c l e .  

Pre l iminary  des igns  of Phase I11 equipment w e r e  updated and completed t o  
a g r e a t e r  level of d e t a i l  t han  r epor t ed  a t  t h e  end of Phase I. 
drawings w e r e  r e l e a s e d  i n  Boeing Document D2-113352-5, P r e l i m i n a r y  D e s i g n  
of Phase 111 G r o u n d - S u p p o r t  E q u i p m e n t .  

Design 

Tests of s e l e c t e d  elements of t h e  Phase I11 deployment demonstrat ion 
system were conducted i n  Phase 11. Por t ions  of t h e  overhead t r a c k  and 
t r o l l e y  systems w e r e  f a b r i c a t e d  and t e s t e d .  T e s t  r e s u l t s  i nd ica t ed  t h e  
need f o r  f u r t h e r  des ign  s tudy  of t h e s e  systems i n  Phase 111. 

6 . 1  EQUIPMENT DELETIONS 

SyaXm-da,ign hphovmevLi;J have haCLeted i n  aiglzidicavtt COAX Aavinga 
khhough heduckion i n  ghound-eq@mevtt heyLLirtme&. 

Severa l  ground-equipment i t e m s  descr ibed  i n  t h e  Phase I F i n a l  Report w e r e  
no t  r equ i r ed  t o  suppor t  t h e  Phase I1 test program as f i n a l l y  implemented. 
Knowledge and exper ience  gained i n  Phase I and program r e d e f i n i t i o n  dur ing  
Phase I1 permi t ted  s i m p l i f i c a t i o n  of t h e  test program and e l imina t ion  of 
c e r t a i n  equipment tests. 

The SCS-43 a c o u s t i c  and thermal-vacuum tests conducted i n  Phase I provided 
s u f f i c i e n t  in format ion  t o  p e r m i t  d e l e t i o n  of t h e s e  tests i n  Phase 11. A s  
a r e s u l t ,  t h e  MTA-1 a c o u s t i c  and thermal-vacuum test f i x t u r e s  w e r e  e l i m i -  
na ted .  

The s u c c e s s f u l  tests of SCS-43 wi th  t h e  X-200 s o l a r  s imula to r  and t h e  
o p e r a t i o n a l  d i f f i c u l t i e s  of conducting n a t u r a l  s u n l i g h t  tests a t  a remote 
si te wi th  s o  l a r g e  a test ar t ic le  produced t h e  d e c i s i o n  t o  perform power 
degrada t ion  tests of MTA-1 wi th  t h e  X-200. This  d e c i s i o n  e l imina ted  t h e  
need f o r  t h e  MTA-1 sh ipping  con ta ine r  and mod i f i ca t ion  of t h e  e x i s t i n g  
e q u a t o r i a l m o u n t .  
t e s t i n g  on MTA-1 e l imina ted  t h e  need f o r  t h e  X-200 d o l l y  and t h e  i n s t r u -  
mentat ion rack.  

A f u r t h e r  d e c i s i o n  t o  d e l e t e  a l l  l ive s o l a r - c e l l  
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6.2 PHASE I1 HANDLING EQUIPMENT 

The Phase I1 handl ing equipment c o n s i s t s  of t h e  handl ing d o l l y ,  .handling 
frame, p r o t e c t i v e  cover,  and s l i n g  ( s e e  F igure  6-1). 

The d o l l y  and frame are used t o  t r a n s p o r t  MTA-1 between t h e  f a b r i c a t i o n  
and test  area, and as a hold ing  f i x t u r e  dur ing  i n s t a l l a t i o n  of test 
ins t rumenta t ion .  

The handl ing frame is  cons t ruc t ed  of 3-inch-square aluminum tube. The 
subpanel  i s  he ld  i n  place by angles  b o l t e d  t o  t h e  frame. 
pads bonded t o  t h e  ang le s  and frame p r o t e c t  t h e  subpanel  s t r u c t u r e .  

S o f t  rubber  

A plywood p r o t e c t i v e  cover i s  i n s t a l l e d  over t h e  frame t o  prevent  damage 
t o  t h e  subpanel  during t r a n s p o r t  o r  temporary s t o r a g e .  The cover i s  
d iv ided  i n t o  fou r  s e p a r a t e  s e c t i o n s  f o r  ease of handl ing .  

The s l i n g  i s  used t o  l i f t  MTA-1 i n  i t s  handl ing frame. It c o n s i s t s  of 
a s imple spreader  bar  w i th  s h o r t  wire-rope cab le s  a t  e i t h e r  end. 
commercial s e l f - a d j u s t i n g  eye i s  used t o  cen te r  t h e  l i f t  p o i n t  above t h e  
c e n t e r  of g r a v i t y .  

A 

The handl ing equipment i s  designed wi th  a s a f e t y  f a c t o r  of 5 t i m e s  t h e  
des ign- l imi t  load,  based on t h e  u l t i m a t e  s t r e n g t h  of t h e  material. The 
s l i n g  and handl ing frame are p e r i o d i c a l l y  proof-loaded t o  t w i c e  t h e  work- 
ing  load i n  accordance wi th  Washington State l a w .  

To ensure  t h e  s a f e t y  of MTA-1, t h e  handl ing equipment w a s  checked f o r  f i t  
and func t ion  wi th  MTA-3 Subpanel 1 befo re  use  wi th  MTA-1. The frame and 
d o l l y  have undergone a d d i t i o n a l  tests t o  determine frame d e f l e c t i o n s  and 
a c c e l e r a t i o n s  experienced dur ing  t y p i c a l  d o l l y  ope ra t ions  ( see  F igure  
6-2). 

Handling-frame d e f l e c t i o n s  were determined wi th  t h e  frame mounted i n  t h e  
handl ing d o l l y .  
around t h e  frame per iphery .  Def l ec t ions  w e r e  measured both  in-plane and 
out-of-plane of t h e  frame by means of a t r a n s i t  and p r e c i s i o n  s c a l e .  
Corner de f l eck ion  s imula t ing  pickup of t h e  frame a t  one corner  only a l s o  
w a s  measured. 

Lead weights  t w i c e  t h e  weight of MTA-1 w e r e  placed 

Acce le ra t ion  tests w e r e  performed wi th  MTA-3 Subpanel 1 i n  t h e  handl ing 
frame, w i th  p r o t e c t i v e  covers  i n s t a l l e d .  The d o l l y  w a s  manually pushed 
over  a cour se  of 1- by 6-inch boards b o l t e d  t o  t h e  f l o o r .  
w e r e  measured a t  f i v e  p o i n t s  on t h e  frame and d o l l y  when one set of 
casters crossed  t h e  boards and when a l l  c a s t e r s  c rossed  s imultaneously.  

Acce lera t ions  
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Handling Frame Def l ec t ion  T e s t  

Handling Dolly Shock Loading T e s t  

Figure 6-2: HANDLING EQUIPMENT TESTS 
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Analysis  of t h e  test d a t a  i n d i c a t e d  t h a t  frame d e f l e c t i o n s  are within,  
accep tab le  l i m i t s  and t h a t  t h e  MTA-1 would n o t  b e  damaged dur ing  i n p l a n t  
t r a n s p o r t  on t h e  handl ing d o l l y  when normal handl ing p recau t ions  are 
observed. 

6.3 PHASE 111 PRELIMINARY DESIGN 

The pre l iminary  des igns  produced i n  Phase I f o r  Phase I11 equipment w e r e  
updated t o  inc lude  g r e a t e r  des ign  d e t a i l  and t o  reflect t h e  Phase 111 
manufacturing and test p l ans  as they  e x i s t e d  during t h e  win te r  of 1967- 
68. These p l ans  are shown i n  F igure  6-3. 

MTA-4 i s  t h e  complete pane l  assembly. 
assembled and then  deployed on t h e  subpanel  u n i t  deployment f i x t u r e .  The 
remaining subpanels w i l l  then  be assembled i n t o  MTA-4 and deployed on t h e  
deployment v e r i f i c a t i o n  f i x t u r e .  
and subjec ted  t o  a series of environmental  tests. 
degrada t ion  tests w i l l  be  performed a f t e r  each environmental  test. 

MTA-3, a f u l l - s i z e  deployment model, w i l l  b e  used f o r  checkout of a l l  
Phase 111 GSE and then  w i l l  undergo a series of deployments on t h e  demon- 
s t r a t i o n  f i x t u r e .  

Subpanel Unit  No. 2 w i l l  f i r s t  be 

Af t e r  deployment, MTA-4 w i l l  b e  stowed 
Deployment and power 

The pre l iminary  des igns  d iscussed  below are based on a 1 3  bery l l ium sub- 
pane l  MTA-4 conf igu ra t ion .  

6.3.1 DEPLOYMENT EQUIPMENT---OVERHEAD SUSPENSION SYSTEM 

One of t h e ' o b j e c t i v e s  of pane l  assembly deployment v e r i f i c a t i o n  t e s t i n g  
i n  Phase I11 is  t o  observe t h e  t r a n s i e n t  dynamic behavior  of t h e  deploying 
a r r a y ,  p a r t i c u l a r l y  during l a t c h i n g .  The l a t c h i n g  of each main subpanel  
w i l l  set up o s c i l l a t i o n s  i n  t h e  deployed subpanels t h a t  w i l l  extend back 
throughout t h e  pane l  assembly. These o s c i l l a t i o n s  w i l l  be  masked un le s s  
t h e  pane l  assembly i s  supported by a l igh twe igh t ,  minimum-friction system. 

Such a system us ing  overhead a i r  bear ings  is shown i n  F igure  6-4. The 
main subpanels  are suspended from t h e  same l i n e s  used i n  Phase 11, b u t  are 
connected bo air  bea r ings  running on s h o r t  t r acks .  

The t r a c k s  are mounted between p a i r s  of 12-inch s t r u c t u r a l  channels .  
channels  are s i z e d  t o  minimize d e f l e c t i o n s  and main ta in  t r a c k  l eve lness  

machined t o  t h e  r equ i r ed  f l a t n e s s .  

The air supply is piped along t h e  catwalk and is de l ive red ,  by means of 
s o f t  tygon hoses ,  from p o i n t s  6 f e e t  above t h e  t r a c k s  t o  t h e ' a i r  bear ings .  

The 

~ dur ing  opera t ion .  The t r a c k s  are steel weldments faced wi th  epoxy and 
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h 
7 Air Bearing Track 

Y 
4 

A - A  

Air Supply \h Suspension 

- 
Figure 6-4: DEPLOYMENT EQUIPMENT---OVERHEAD AIR BEARING 

This  system w a s  o r i g i n a l l y  proposed f o r  Phase 11, b u t  w a s  e l iminated be- 
cause t h e  t r a n s i e n t  behavior of t h e  aluminum MTA-3 w a s  no t  r e p r e s e n t a t i v e  
of t h e  t r a n s i e n t  behavior of t h e  beryl l ium MTA-4. 

6.3.2 DEPLOYMENT EQUIPMENT---SUBPANEL DEPLOYMENT FIXTURE 

Subpanel deployment tests w i l l  be  conducted t o  v e r i f y  t h a t  p a i r s  of 
a u x i l i a r y  subpanels w i l l  deploy under t h e i r  own power without  damage. 
The f a c t o r s  a f f e c t i n g  a u x i l i a r y  subpanel deployment are r e l a t i v e l y  s t r a i g h t -  
forward. Bor example, t h e  angular  v e l o c i t y  depends on t h e  deployment 
sp r ing  torque,  v i scous  damper drag,  GSE and subpanel i n e r t i a  that are 
known, and GSE f r i c t i o n  t h a t  can b e  measured. Thus, i n  a ground deployment 
test t h e  GSE e f f e c t s  can be  a n a l y t i c a l l y  sub t r ac t ed  from t h e  test r e s u l t s  
t o  o b t a i n  d a t a  a p p l i c a b l e  t o  space deployment. 

The f i x t u r e  w i l l  c o n s i s t  of a simple A-frame support  s t r u c t u r e  a t tached  
t o  t h e  base tower of t h e  deployment f i x t u r e  s t r u c t u r e  ( see  Figure 6-5). 
The a u x i l i a r y  subpanels  w i l l  be  supported by counterweighted overhead 
a r m s ,  p ivot ing  on low-f r ic t ion  bear ings .  
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e 
Figure 6-5: A U X I L I A R Y  SUBPANEL DEPLOYMENT EQUIPMENT 

The opening and l a t c h i n g  of t h e  a u x i l i a r y  subpanels  w i l l  produce some 
bending and t w i s t i n g  of t h e  pa ren t  main subpanel .  
e f f e c t ,  t h e  main subpanel  is mounted through a set of h o r i z o n t a l l y  a c t i n g  
s p r i n g s  and two shock-cord tiedowns, thus d u p l i c a t i n g  t h e  s t i f f n e s s  of 
t h e  main subpanel ' s  p o s i t i o n  i n  t h e  a r r a y .  

6.3.3 DEPLOYMENT DEMONSTRATION EQUIPMENT 

To s imula t e  t h i s  

The deployment demonstrat ion equipment w i l l  be  provided i n  Phase I11 t o  
demonstrate, by means of a s e q u e n t i a l  deployment of a f u l l - s c a l e  aluminum 
deployment model, t h e  o p e r a t i o n a l  geometry of t h e  fo lded  modular panel. 
assembly. Evalua t ion  of t h i s  demonstrat ion w i l l  be  v i s u a l ;  t h e r e  i s  no 
requirement t o  ga the r  test d a t a  such as a c c e l e r a t i o n s ,  t r a n s i e n t  o s c i l l a -  
t i o n s ,  o r  deployment t ime-his tory.  The o b j e c t i v e  of achiev ing  realistic 
deployment a t  reasonable  equipment c o s t  guided t h e  pre l iminary  des ign  
e f f o r t .  

The fol lowing s e c t i o n s  d e s c r i b e  t h e  deployment demonstrat ion equipment, 
development t e s t i n g  of c e r t a i n  system components, and recommendations 
f o r  f u r t h e r  Phase I11 des ign  e f f o r t .  

Base l ine  Conf 
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The planned Phase 111 deployment demonstrat ion equipment has  been designed 
t o  permit  f u l l ,  s e q u e n t i a l  deployment of MTA-3, inc luding  a u x i l i a r y  sub- 
pane ls ,  t o  prove t h e  geometry of t h e  fo ld ing  modular-packaging concept.  
Systems t r a d e s  conducted i n  t h e  e a r l y  s t a g e s  of demonstrat ion equipment 
des ign  ind ica t ed  t h a t  a low-cost system would s a t i s f y  t h e  Phase I11 
demonstrat ion requirements .  Equipment of g r e a t e r  s o p h i s t i c a t i o n  would 
no t  s i g n i f i c a n t l y  improve system performance, and would r e s u l t  i n  d i s -  
p ropor t iona te  i n c r e a s e s  i n  c o s t .  

The deployment demonstrat ion equipment i s  shown i n  Figure  6-6. MTA-3 
w i l l  be  supported during deployment by a n  overhead monorail  t r a c k  c a r r i a g e  
and spreader  b a r  system. 
c a b l e  arrangement. 
track. 
routed  over t h e  quadrants  and r e e l e d  i n  by a negator  s p r i n g  motor.  This  
w i l l  h e l p  smooth out  o s c i l l a t i o n s  during deployment, 

Primary power is provided by a winch-and-tow 
The cab le  i s  guided by pu l l eys  loca t ed  along t h e  

A secondary source  of power is  provided by a deployment c a b l e  

Assembly I 

figure 6-6 : DEPLOYMENT DEMONSTRATION EQUIPMENT 

The spreader  b a r s  c o n s i s t  of aluminum I-beams hinged d i r e c t l y  above t h e  
MTA-3 main hinges.  
cab le s  t h a t  drape over pu l l eys  on t h e  spreader  b a r s .  
weight is added t o  t h e  downswinging subpanel  t o  provide  deployment impe- 
t u s .  
f o r c e  and s u s t a i n  subpanel  motion through dead-center p o i n t s .  

P a i r s  of a u x i l i a r y  subpanels are in te rconnec ted  by 
A l i g h t  counter- 

Helper s p r i n g s  a t  t h e  a u x i l i a r y  h inges  augment t h e  counterweight 
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6.3.3.2 SCG-4 Development T e s t  of Main Subpanel Deployment 

Main subpanel  deployment t e s t i n g  provided experimental  d a t a  concerning 
t h e  ope ra t ion  of t h e  overhead monorail  c a r r i a g e  system. The test  s e t u p  
cons i s t ed  of a pro to type  track s e c t i o n ,  c a r r i a g e ,  and spreader  b a r  ( s e e  
F igure  6-7). Power w a s  provided by a hand winch d r iven  by a n  a i r  motor 
and a counterweight t o  s imula t e  t h e  nega tor  sp r ing  motor. A plywood test 
panel  w a s  used because MTA-3 w a s  n o t  a v a i l a b l e .  
from a n  overhead framework loca ted  between t h e  s i d e s  of t h e  base  tower 
of t h e  deployment f i x t u r e  s t r u c t u r e .  

The track w a s  suspended 

The test cons i s t ed  of deploying t h e  pane l  through a t y p i c a l  90-degree 
swing a t  va r ious  speeds using t h e  winch and observing t h e  r e s u l t s .  
Photographic coverage a l s o  w a s  provided. 

The b a s i c  des ign  philosophy w a s  proved s a t i s f a c t o r y  by t h e s e  tests. 
However, d e t a i l e d  des ign  d e f i c i e n c i e s  were noted i n  some areas. Manual 
ope ra t ion  of t h e  winch w a s  t o o  slow and caused cons ide rab le  ope ra to r  
s t r a i n .  An a i r  motor w a s  adapted t o  t h e  winch t o  s o l v e  t h i s  problem. 

The deployment cab le  i s  guided along the  cyrved t r a c k  by means of pu l leys .  
Tension i s  maintained i n  t h e  cab le  by a f i s h i n g - r e e l  drag .  During deploy- 
ment, t h e  c a b l e  o f t e n  rode  above t h e  guide  pu l l eys .  It w a s  concluded t h a t  
t h e  p re sen t  pu l l eys  should be  replaced by a guide of g r e a t e r  length .  
a d d i t i o n ,  t h e  f i s h i n g  reel d id  n o t  have t h e  capac i ty  t o  store t h e  r equ i r ed  
c a b l e  length  and should b e  rep laced  wi th  a l a r g e r  reel o r  drag winch. 

I n  

The c a r r i a g e  assembly moved along t h e  t r a c k  wi th  a surg ing  motion t h a t  
imparted undes i r ab le  o s c i l l a t i o n s  t o  t h e  suspended panel .  Track s u r f a c e  
unevenness and s t r e t c h  i n  t h e  c a b l e  appeared t o  be t h e  main causes .  This  
problem w a s  f u r t h e r  i n v e s t i g a t e d  during t h e  a u x i l i a r y  subpanel  deployment 
tests descr ibed  i n  Sec t ion  6.3.3.3. 

6.3.3.3 Addi t iona l  Development T e s t s  of Main and Auxi l ia ry  Subpanel 
Deployment 

JPL Technical  D i r e c t i o n  Memorandum (TDM) 951934-4 au tho r i zed  f a b r i c a t i o n  
and t e s t i n g  of deployment demonstrat ion equipment components o r i g i n a l l y  
scheduled f o r  Phase 111. This  a c t i v i t y  included t h e  des ign  and f ab r i ca -  
t i o n  of t h e  l i gh twe igh t  MTA-3 a u x i l i a r y  subpanels ,  t h e  mod i f i ca t ion  of 
MTA-3 Main Subpanel 4 t o  t h e  deployment demonstrat ion conf igu ra t ion  by 
t h e  a d d i t i o n  of a u x i l i a r y  deployment mechanisms, and f a b r i c a t i o n  of t h e  
overhead sp reade r  b a r  and suspension system. 
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The tes t  se tup  i s  shown i n  F igure  6-9. The overhead t r a c k  and c a r r i a g e  
from t h e  SCG-4 test  w e r e  used ( see  Sec t ion  6.3.3.2).  

T r i a l  deployments i nd ica t ed  t h e  need t o  dampen t h e  subpanel t o  smooth t h e  
deployment motions and prevent  l a t c h i n g  a t  excess ive  speeds.  A r o t a r y  
dashpot w a s  i n s t a l l e d  on t h e  spreader  b a r .  P o s i t i v e  in t e rconnec t ion  
between t h e  dashpot and subpanel w a s  accomplished by r ep lac ing  t h e  music 
w i r e  and smooth pu l l eys  t h a t  support  t h e  subpanels wi th  a cha in  ahd 
sprocket .  

Deployment wi th  t h e  dampened system w a s  no t  s a t i s f a c t o r y .  The increased  
s i z e  of t h e  counterweights requi red  t o  overcome damper r e s i s t a n c e  and 
proceed p a s t  t h e  i n i t i a l  dead s p o t s  r e s u l t e d  i n  excess ive  v e l o c i t i e s  a t  
c los ing .  

The test se tup  a l s o  permit ted swinging of t h e  subpanels through 90 
degrees  using t h e  overhead t r a c k  and c a r r i a g e .  Experiments t o  improve 
c a r r i a g e  motion w e r e  f i r s t  conducted a t  ground level on a s t r a i g h t - t r a c k  
s e c t i o n  wi th  d i f f e r e n t  types of c a r r i a g e  wheels.  Rubber wheels w e r e  
found t o  produce t h e  smoothest c a r r i a g e  motion. Rubber wheels w e r e  then  
i n s t a l l e d  on t h e  overhead t r ack .  The motion of t h e  c a r r i a g e  w a s  no t ice-  
ab ly  smoother than  wi th  t h e  o r i g i n a l  steel  wheels; however, t h e  o s c i l -  
l a t i o n  of t h e  suspended subpanels observed during t h e  SCG-4 t e s t  w a s  
s t i l l  p re sen t .  

6.3.3.4 Recommendations f o r  Fur ther  Design and T e s t  

D ~ A ~ C J M  avld equipme& modi&k&hm m e  tteqLLined phi04 ;to P h a e  7 7 2  
developme& 
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The r e s u l t s  of t h e  main and a u x i l a r y  subpanel  deployment dem 
test d iscussed  above i n d i c a t e  t h e  need f o r  f u r t h e r  des ign  s t  
111. The most p r a c t i c a l  approach t o  t e problem of ob ta in ing  

o be  providing subpane subpanel  deployment appears  
d ing  f o r c e s  through t h e  suspension l i n e s .  Spring-d 

ot-counterweight combinations,  i n s t a l l a t i o n  
on t h e  spreader  b a r ,  and combinations of opening-retard- 

i n g  sp r ings  on t h e  spreader  b a r  should be examined. Mounting a n  electric 
motor a t  t h e  a u x i l i a r y  subpanel  h inges  a l so  should be  inves t iga t ed .  

I n  a d d i t i o n  t o  t h e  main subpanel deployment demonstrat ion des ign  changes 
recommended i n  Sec t ion  6.3.3.2, f u r t h e r  means of smoothing c a r r i a g e  
motion along t h e  overhead t r a c k  and damping t h e  o s c i l l a t i o n s  of t h e  
suspended subpanels  should be s tud ied .  

6.3.4 ENVIRONMENTAL TEST EQUIPMENT 

Environmental test equipment i s  r equ i r ed  t o  test t h e  pane l  assembly i n  
t h e  environments experienced during boos t ,  o r b i t ,  and f l i g h t .  

6 .3 .4 .1  Thermal-Vacuum T e s t  F i x t u r e  

Thermal-vacuum tests w i l l  be  conducted on MTA-4 t o  determine s t r u c t u r e  
and cel l  temperature  extremes, eva lua te  induced thermal s t r a i n s ,  and 
observe t h e  behavior of t h e  materials of cons t ruc t ion  i n  a s imulated 
thermal-vacuum boost  environment. Two c r i t i c a l  thermal  modes w i l l  be  
t e s t e d .  I n  t h e  f i r s t  mode t h e  stowed pane l  assembly w i l l  be  he ld  i n  
t h e  launch (upr ight )  p o s i t i o n  and w i l l  be  i l lumina ted  by t h e  s o l a r  simu- 
l a t o r  i n  t h e  vacuum chamber l i d .  I l l umina t ion  i n  t h i s  p o s i t i o n  i s  
expected t o  protluce t h e  g r e a t e s t  thermal g r a d i e n t s  i n  t h e  s t r u c t u r e  
because of t h e  long pa th  between t h e  heated and cold su r faces .  

The thermal-vacuum test f i x t u r e  (see Figure  6-10) w i l l  c o n s i s t  of a n  
aluminum frame t h a t  w i l l  support  t h e  stowed panel  assembly i n  t h e  launch 
p o s i t i b n .  The f i x t u r e  w i l l  i nco rpora t e  t h e  boos t  tiedown system f o r  one 
pane l  assembly and a r e s t r a i n t  system t o  suppor t  t h e  subpanels  a f t e r  t h e  
boos t  tiedown system i s  r e l e a s e d  a t  t h e  end of t h e  thermal-vacuum tests. 

A thermal shroud w i l l  be provided t o  s imula t e  t h e  s p a c e c r a f t  e x t e r n a l  
s k i n  temperature.  This  shroud w i l l  i nco rpora t e  two temperature  c o n t r o l  
zones---one a t  75'F immediately behind MTA-4, and another  a t  a lower 
temperature  loca t ed  forward of MTA-4. 

The second thermal  test  mode w i l l  s imu la t e  t h e  hea t ing  of one s i d e  of 
t h e  pane l  assembly. 
ope ra t ion  of t h  oos t  tiedown system release t r a i n  may be  a f f e c t e d  by 
s o l a r  hea t ing  o ne s i d e  of t h e  t r a i n .  Heating w i l l  be  provided by 
a n  a u x i l i a r y  i n f r a r e d  lamp s tand .  

This  mode i s  considered c r i t i ca l  because t h e  
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Thermal 

I R  Lamps 

.VACUUM TEST FIXTURE 

6.3.4.2 Vib ra t ion  T e s t  F ix tu re  

MTA-4 w i l l  be  v ib ra t ion - t e s t ed  i n  both t h e  shear  and normal d i r e c t i o n s .  
For each test se tup ,  t h r e e  dummy panels  w i l l  be  provided t o  s imula te  t h e  
s t r u c t u r a l  response of t h e  ad jacen t  stowed pane l s  on t h e  s p a c e c r a f t .  

During Phase I,  a n  i d e a l i z e d  mathematical  model of t h e  pane l  assembly 
w a s  developed f o r  t h e  dynamic a n a l y s i s  of t h e  stowed a r r a y .  Th i s  model 
formed t h e . b a s i s  f o r  dummy pane l  des ign .  

A p h y s i c a l  r e p r e s e n t a t i o n  of t h e  model i s  shown i n  F igure  6-11. 
bery l l ium s e c t i o n  p r o p e r t i e s  f o r  t h e  s t r u c t u r e  w e r e  c a l c u l a t e d  and 
aluminum beams designed t h a t  d u p l i c a t e ,  as c l o s e l y  as p o s s i b l e ,  t h e  
s t i f f n e s s  of t h e  model. 

The 

The aluminum dummy panel  w i th  s e c t i o n  p r o p e r t i e s  ad jus t ed  t o  match t h e  
bery l l ium s t r u c t u r e  s t i f f n e s s  w i l l  weigh j u s t  under 400 pounds. 
w i l l  a l low about 100 pounds t o  a i d  i n  matching t h e  c e n t e r  of g r a v i t y  
and dynamic c h a r a c t e r i s t i c s  of t h e  stowed pane l  assembly. 

This  
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The combined weight of MTA-4, t h e  dummy panels ,  and t h e  v i b r a t i o n  fix-, 
t u r e  exceeds t h e  f o r c e  c a p a b i l i t i e s  of a s i n g l e  v i b r a t o r .  
t i o n  t e s t i n g  w i l l ,  t h e r e f o r e ,  be  conducted wi th  two Ling 249 v i b r a t o r s  
synchronized wi th  c o n t r o l  c i r c u i t r y  i n  a manner s i m i l a r  t o  t h a t  devel-  
oped by Boeing f o r  Sa tu rn  LOX va lue  t e s t i n g  (see Figure  6-12). 
b a s i c  v i b r a t i o n  f i x t u r e  w i l l  c o n s i s t  of a t a b l e  on which s imulated 
s p a c e c r a f t  hinges are mounted.. The t a b l e  w i l l  be  supported by f l e x u r e  
members t h a t  permit  t a b l e  motion. Force adap te r s  w i l l  connect t h e  
t a b l e  w i t h  t h e  two v i b r a t o r s .  

MTA-4 vibra-  

The 

6.3.5 HANDLING AND TRANSPORTATION EQUIPMENT 

During Phase 111, MTA-4 must be t r anspor t ed  between t h e  f i n a l  assembly 
and test areas and between va r ious  test l o c a t i o n s .  This  w i l l  be  accom- 
p l i shed  wi th  t h e  stowed pane l  assembly t r a n s p o r t e r  (SPAT). 

The SPAT w i l l  c o n s i s t  of a tubu la r  welded frame and a ver t ica l  column t o  
which t h e  MTA-4 s p a c e c r a f t  hinges a t t a c h  (see Figure  6-13). Two s t rong-  
backs a t t ached  t o  MTA-4 w i l l  p rovide  anchor p o i n t s  f o r  s imulated boos t  
tiedown cab le s .  These s t rongbacks w i l l  remain wi th  t h e  pane l  assembly 
dur ing  a l l  t r a n s p o r t  and h o i s t i n g  ope ra t ions  t o  prevent  i nadve r t en t  
opening of t h e  a r r a y  and t o  keep t h e  shear  t e e t h  engaged. 

For long-dis tance shipment, t h e  SPAT w i l l  be  placed i n  an  a i r - r i d e  van. 
P r o t e c t i v e  covers  w i l l  enc lose  t h e  SPAT during shipment. 

The pane l  assembly s l i n g  w i l l  be capable  of handl ing MTA-4 i n  e i t h e r  t h e  
h o r i z o n t a l  o r  ver t ica l  p o s i t i o n .  
c r a d l e  assembly. The panel  assembly i s  s t a b i l i z e d  by b racke t s  on t h e  
s t rongbacks ' tha t  engage s l i n g  cables .  Rubber bumpers prevent  con tac t  
between t h e  cab le s  and t h e  pane l  assembly. 

A u n i v e r s a l  handl ing frame similar t o  t h e  Phase I1 MTA-1 frame w i l l  be  
provided i n  Phase 111 t o  handle  any one of t h e  main o r  a u x i l i a r y  sub- 
pane ls .  
accommodate t h e  va r ious  subpanel  l eng ths .  

It w i l l  c o n s i s t  of a spreader  ba r  and 

Crossbeams wi th  removable clamps w i l l  be  added t o  t h e  frame t o  

6.4 FAILURE MODE AND EFFECT ANALYSIS (FMEA) OF GSE 

A f a i l u r e  mode and e f f e c t  a n a l y s i s  (FMEA) f o r  deployment and handling 
equipment w a s  prepared.  The FMEA i d e n t i f i e d  known p o t e n t i a l  causes  of 
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Assembly Transpor te r  

Figure 6-13: PHASE I11 HANDLING EQUIPMENT 

dar;nage t o  t h e  test  ar t ic les  o r  of i n v a l i d  test d a t a .  
nique w a s  similar t o  t h a t  p rev ious ly  used f o r  a r r a y  des ign  i n  Phase I. 

The a n a l y s i s  tech- 

Flow c h a r t s  o r  usage diagrams based on tes t  a r t ic le  flows w e r e  prepared 
t o  show t h e  use  of GSE and t h e  i n t e r f a c e  wi th  test  ar t ic les  and opera- 
t i o n s .  A t y p i c a l  usage diagram i s  shown i n  F igure  6-14. The diagrams 
are based on test ar t ic le  flow, because t h e  o b j e c t i v e  of t h e  FMEA is  t o  
i d e n t i f y  r i s k s  t o  t h e  test ar t ic le  o r  test a r t ic le  da ta .  

The FMEA d a t a  s h e e t  format has  been modified f o r  GSE; a t y p i c a l  example 
is shown i n  F igure  6-15. Known human-error r i s k s  and e x t e r n a l l y  caused 
condi t ions  have been included on t h e s e  d a t a  s h e e t s .  
been to i n d e n t i f y  t h e s e  r i sk  areas, i n  a d d i t i o n  t o  t h e  customary hard- 
ware f a i l u r e  r i s k s ,  so  t h a t  test personnel  may t ake  adequate  precaut ions .  

The purpose has  

Only a pre l iminary  FMEA f o r  t h e  MTA-4 deployment and handl ing equipment 
has  been included i n  t h i s  Phase I1 e f f o r t .  

S i g n i f i c a n t  r i s k s  noted i n  t h e  deployment equipment FMEA inc lude :  

1) A i r  gusts---It w i l l  be  necessary  t o  enforce  strict supe rv i s ion  of 
en t r ances  t o  t h e  high-bay test area dur ing  deployment test  
ope ra t ions ;  
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2) Defec ts  i n  t r a c k ;  

3) Loosening of potent iometer  a t tachments;  

4 )  Tipping, c o l l i s i o n ,  o r  improper support  dur ing  loading  of  t h e  test 
art icles i n t o  t h e  deployment f i x t u r e  o r  dur ing  deployment; 

5) F a i l u r e  t o  fo l low a i r  s l e d  wi th  tender ;  

6) Improper adapter  i n s t a l l a t i o n  to  cause binding.  

Human e r r o r  and e x t e r n a l l y  caused condi t ions  w e r e  found t o  c o n s t i t u t e  
t he  major r i s k  areas f o r  handl ing equipment. Some of t h e  r i s k s  are: 

1) I n t e r f e r e n c e  of pro t ruding  p a r t s  of t h e  p r o t e c t i v e  covers  wi th  t h e  
subpanel dur ing  i n s t a l l a t i o n  o r  removal of t h e  covers;  

2) Dropping, upse t ,  o r  c o l l i s i o n  caused by e r r o r  i n  t r a n s p o r t i n g  t h e  
handl ing frame o r  d o l l y ;  

3) C o l l i s i o n  of o t h e r  v e h i c l e s  w i t h  t h e  unprotected subpanels ;  

4 )  Defec ts  i n  t h e  GSE, such as omission of support  pads and out-of- 
t o l e r a n c e  cond i t ions ;  

5) F a i l u r e  t o  use  clamps and o the r  p i eces  of equipment proper ly .  

Where p r a c t i c a l ,  t h e  FMEA r e s u l t s  have been incorpora ted  i n  equipment opera- 
t i n g  i n s t r u c t i o n s  and test  procedures t o  minimize t h e  p o s s i b i l i t y  of damage 
t o  t h e  test  art icles.  
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7.0 SCS-43 SUBPANEL VIBRATION TEST PROGRAM 

The SCS-43 subpanel  model w a s  designed,  f a b r i c a t e d ,  and t e s t e d  i n  Phase I 
t o  determine t h e  pane l  response when subjec ted  t o  a v i b r a t i o n  environment 
i n  a i r .  Also i n  Phase I ,  ana lyses  w e r e  v e r i f i e d  by test  f o r  t h e  lowest  
s t r u c t u r a l  frequency, b u t  t h e  assumed damping w a s  much lower than  t h e  
h igh  damping t h a t  r e s u l t e d  from t h e  tests i n  air .  
be l ieved  t o  have been caused by a i r  e f f e c t s  on t h e  s u b s t r a t e .  

This  h igh  damping w a s  

Therefore ,  during Phase 11, supplemental  v i b r a t i o n  t e s t i n g  i n  vacuum w a s  
reques ted  by JPL t o  determine t h e  e f f e c t  of vacuum on frequency and 
damping. 

The SCS-43 v i b r a t i o n  tests and o b j e c t i v e s  are summarized as fol lows.  

VIBRATION TESTS 

T i t l e  

Ambient V ib ra t ion  T e s t  1 
( SCS- 43-VA1) 

Vacuum Vib ra t ion  T e s t  1 
(SCS-43-VVl) 

Ambient V ib ra t ion  T e s t  2 
(SCS-43-VA2) 

Vacuum Vib ra t ion  T e s t  2 
(SCS-43-VV2) 

Edge 
Support Overall Objec t ives  

Clamped 1) Evalua te  t h e  e f f e c t  of 
s t o r a g e  t i m e  on sub- 
s t ra te  frequency. 

Clamped 2) Measure dynamic response 
c h a r a c t e r i s t i c s  of SCS-43 
pane l  f o r  comparison wi th  
a n a l y t i c a l  va lues .  

Determine t h e  e f f e c t  of 
a i r  and vacuum on pane l  
damping. 

Supported 4 )  Determine t h e  p a n e l ' s  

Simply 
Supported 3) 

Simply 

c a p a b i l i t y  t o  wi ths tand  
h igh- leve l  v i b r a t i o n  
i n p u t  . 

POWER DEGRADATION TESTS 

T i t l e  Ob-j e c t ive 

Power Degradation T e s t  A Measure power ou tpu t  p r i o r  t o  
SCS-43-VA1 test. 

Power Degradation T e s t  B Measure power output  a f t e r  SCS- 
43-W2 test to  determine any power 
degrada t ion  caused by t h e  v i b r a t i o n  
tests . 
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7 . 1  DESCRIPTION OF TEST SYSTEM 

An i ndunf ig  ' l ~ ~ k "  wacl enkubRinhed when u L i v ~ g  249 vibtLCL;ta WUA iiYL\IAUReed 
in ;the 3 9 - & ~ a k - d i m Q k ~ n  Baeing  vucuum chmbeh ka VibhCLtivn-kenk t h e  SCS-43 
b U b p U n d .  

The SCS-43 v i b r a t i o n  test system p r imar i ly  cons i s t ed  of a 30,000-pound- 
f o r c e  Ling 249 v i b r a t o r  (15 ton)  and t h e  50,000-cubic-foot (39-foot- 
diameter) Boeing vacuum chamber. It is  be l ieved  t h a t  t h i s  w a s  t h e  f i r s t  
t i m e  i n  i ndus t ry  t h a t  a v i b r a t o r  of t h i s  f o r c e  range  had been placed with- 
i n  a vacuum chamber (see Figure  7-1) t o  conduct v i b r a t i o n  tests. 

Figure 7-1: TEST SETUP---CLAMPED CONFIGURATION 

The SCS-43 test a r t ic le  (see Figure  7-2) c o n s i s t s  of hollow rec t angu la r  
beryl l ium edge members and i n t e r c o s t a l s  t h a t  suppor t  t h e  pretensioned 
f i b e r g l a s s  t ape  s u b s t r a t e .  The test  ar t ic le  i s  approximately 4 f e e t  
square.  One qua r t e r  of t h e  pane l  area i s  covered wi th  896 l ive 8 - m i l  
ce l ls  (2 by 2 em) and t h e  remaining area has  s imulated microsheet  g l a s s  
cel ls  (2 by 2 cm). 
Pro to type  buses  and diodes w e r e  used. 

The l ive-cell  schematic i s  shown i n  F igure  7-3. 
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The Ling 249 v i b r a t o r  w a s  used t o  e x c i t e  v i b r a t i o n  normal t o  t h e  SCS-43 
panel  w i th  two d i f f e r e n t  edge cond i t ions .  The edges w e r e  f u l l y  clamped 
dur ing  VA1 and W 1  t e s t i n g  ( s e e  F igure  7-1) and then  t h e  pane l  w a s  modi- 
f i e d  wi th  two oppos i t e  edges simply supported during VA2 and W 2  t e s t i n g  
( s e e  F igure  7-4). The reason  f o r  t h i s  mod i f i ca t ion  w a s  t o  determine i f  
t h e r e  w a s  a s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  pane l  dynamic response  charac- 
teristics between t h e  pinned and clamped suppor t .  The simply supported 
conf igu ra t ion  c o n s i s t s  of t h r e e  out-of-plane steel  f l e x u r e s  on each of 
t h e  two o p p o s i t e  edges and two in-plane f l e x u r e s  bonded along one edge 
t o  prevent  lateral  motion of t h e  pane l .  The f l e x u r e s  w e r e  designed t o  
provide  minimum-bending r e s i s t a n c e  t o  t h e  edge-member r o t a t i o n .  F igure  
7-5 shows a t y p i c a l  in-plane and out-of-plane f l e x u r e  i n s t a l l a t i o n .  

The complete test panel  wi th  in s t rumen ta t ion  and f l e x u r e s  is  shown i n  
F igu re  7-6. 
gages and accelerometers i n  F igures  7-2 and 7-7, r e s p e c t i v e l y .  Table  
V I I - 1  l ists  s p e c i f i c  accelerometer  types used and t h e i r  r e s p e c t i v e  weights .  
All v i b r a t i o n  d a t a  were recorded on Sangana-type r eco rde r s .  Two 14- 
channel  r eco rde r s  were requ i r ed  f o r  t h e  VA1 and V V 1  tests and t h r e e  
r eco rde r s  f o r  t h e  VA2 and VV2 tests. A 14-channel v i s i c o r d e r  recorded 
s e l e c t e d  channels  of acce lerometers  and s t r a i n  gages f o r  quick-look 
e v a l u a t i o n s ,  and a twin-beam o s c i l l o s c o p e  and averaging meter were used 
t o  peak t h e  s e l e c t e d  resonances 

S p e c i f i c  l o c a t i o n s  and a p p l i c a b l e  tests are shown f o r  s t r a i n  

The SCS-43 tes t  panel  power output  measurements w e r e  made using t h e  X-200 
s o l a r  s imula tor  (F igure  7-8) and a s soc ia t ed  equipment. 

7.2 VIBRATION TEST 

Because t h i s  w a s  t h e  f i r s t  t i m e  t h a t  a 30,000-pound-force Ling 249 v ib ra -  
t o r  w a s  i n s t a l l e d  i n  t h e  50,000-cubic-foot vacuum chamber ( s e e  F igure  
7-1), s p e c i a l  p recaut ions  were taken  t o  check ou t  t h e  test system and 
procedures  i n  a i r  and p a r t i a l  vacuum (40 t o r r ) .  The amount of cross-  
a x i s  coupl ing of t h e  test f i x t u r e  during v i b r a t i o n  t e s t i n g  w a s  determined 
t o  b e  i n s i g n i f i c a n t .  

The SCS-43 clamped c o n f i g u r a t i o n  (VA1 and W1)  and simply supported con- 
f i g u r a t i o n  (VA2 and VV2) w e r e  v i b r a t i o n - t e s t e d  i n  a i r  and vacuum. Sinu- 
s o i d a l  sweeps w e r e  made a t  t h e  p re sc r ibed  g level. Following each level 
of e x c i t a t i o n ,  a frequency i n  t h e  lower band of f requencies  w a s  peaked 
and a decay record  obta ined .  
wi th  v i b r a t i o n  test  procedures  provided i n  Boeing Document D2-113350-2. 

A l l  tests w e r e  conducted i n  accordance 
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Table VII-1: ACCELEROMETER TYPES AND WEIGHTS 

CLAMPED CONFIGURATION 

Location 

Accelerometer I 
Accelerometer I1 
Accelerometer I11 
Accelerometer IV 
Accelerometer V 
Accelerometer VI 
Accelerometer VI1 
Accelerometer VI11 
Accelerometer IX 

Location 

Accelerometer I 
Accelerometer I1 
Accelerometer I11 
Accelerometer IV 
Accelerometer V 
Accelerometer VI 
Accelerometer VI1 
Accelerometer VI11 
Accelerometer IX 
Accelerometer X 
Accelerometer XI 
Accelerometer XI1 
Accelerometer XI11 
Accelerometer XIV 
Accelerometer XV 

Accelerometer 
Type 

606-2 
606-2 
2226C 
2226C 
2226C 
2226C 
2221c 
606-2 
606-2 

Weight 

1.5 grams + 2.5-gram pigtail 
Same as above 
2.8 grams 
2.8 grams 
2.8 grams 
2.8 grams 
12 grams + 0.5-in. 6-32 screw 
1.5 grams + 2.5-gram pigtail 
Same as above 

PINNED CONFIGURATION 

Accelerometer 
Type 

606-2 
606-2 
2226C 
2226C 
2226C 
2226C 
2221c 
606-2 
60 6- 2 
2226C 
2221c 
2226C 
2226C 
2221c 
2221c 

Weight 

1.5 grams + 2.5-gram pigtail 
Same as above 
2.8 grams 
2.8 grams 
2.8 grams 
2.8 grams 
12 grams 
1.5 grams + 2.5-gram pigtail 
Same as above 
2.8 grams 
12 grams 
2.8 grams 
2.8 grams 
12 grams 
12 grams 

NOTES: 1) Standard accelerometer cable weighs approximately 2.7 gm/ft; 
6 lb/l,OOO ft = 0.006 lb/ft = 28 g m / o ~  (0.006 lb [16 o~/lb]) 
= 2.7 gm/ft. 

Add 0.25 gram for dental cement and plastic block to each 
accelerometer. 

2) 
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Figure 7-8: X-200 SOLAR SIMULATOR WITH OPEN SHUTTER 

7.2.1 RESULTS AND ANALYSIS OF TESTS 

Remeasurement of t h e  Phase I SCS-43 test panel  showed no s i g n i f i c a n t  d i f -  
f e r ence  i n  t h e  pane l  dynamic c h a r a c t e r i s t i c s  due t o  t h e  8- t o  9-month 
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i n t e r v a l  between Phase 1 and Phase I1 t e s t i n g .  
pane l  w a s  packaged, t r anspor t ed  t o  JPL, e l e c t r i c a l l y  t e s t e d  by JPL, and 
r e tu rned  t o  Boeing . , 
The p red ic t ed  grouping of s u b s t r a t e  f r equenc ie s  i n  a band around 35 Hz 
( s e e  F igure  7-9) i n  a i r  and 45 Hz ( see  F igure  7-10) i n  vacuum i s  sub- 
s t a n t i a l l y  v a l i d a t e d .  The e x i s t e n c e  of a m u l t i p l i c i t y  of c l o s e l y  spaced 
modes p red ic t ed  t o  be i n  a band of f requencies  between 70 and.100 Hz was 
found exper imenta l ly  f o r  t h e  vacuum tests, bu t  s p e c i f i c  p red ic t ed  high 
f requencies  were n o t  i d e n t i f i a b l e  wi th  corresponding f requencies  i n  t h e  
tests. The spread  of f r equenc ie s  is  g r e a t e r  i n  t h e  tests than  i n  t h e  
theory.  

During t h i s  interval, t h e  

The e f f e c t  of a i r  on damping is a major r e s u l t  of t h i s  experiment. 
s t o r a g e  of 8 , t o  9 months d i d  no t  apprec iab ly  alter t h e  damping cha rac t e r -  
i s t ics  of t h e  pane l .  
t o r r  caused changes i n  frequency and damping f o r  bo th  t h e  clamped and 
pinned conf igu ra t ions  ( s e e  F igure  7-11). The e f f e c t  of reduced a i r  pres-  
s u r e  w a s  t o  reduce t h e  damping i n  t h e  wors t  case t o  l / l O t h  of its v a l u e  
i n  a i r .  The wors t  va lues  approached, bu t  d i d  n o t  become as s m a l l  as, t h e  
va lues  f o r  t h e  13-foot bery l l ium spa r  (SCS-50) t e s t e d  i n  Phase I. 

The 

The r educ t ion  of a i r  p r e s s u r e  from ambient t o  40 

A s t r u c t u r a l  f a i l u r e  occurred i n  an  i n t e r c o s t a l  cap s t r i p  ( s e e  F igure  7-17) 
t h a t  had s u f f e r e d  damage dur ing  f a b r i c a t i o n .  
more than  100,000 cyc le s  a t  stress l e v e l s  above 9,000 p s i .  
change i n  frequency o r  s t r u c t u r a l  c a p a b i l i t y  nor  damage t o  t h e  remainder 
of t h e  i n t e r c o s t a l  w a s  observed. 

This work occurred a f t e r  
No major 

7.2.2 CONCLUSIONS 

The 8- t o  9-month s t o r a g e  and t r a n s p o r t a t i o n  environment had no e f f e c t  
on t h e  pane l  dynamic c h a r a c t e r i s t i c s .  

Comparison of c a l c u l a t e d  and measured f r equenc ie s  w a s  accep tab le  i n  
g e n e r a l  ( s e e  S e c t i o n  7.2.1). 

Appreciable  r educ t ion  of damping was observed a t  1 /20th  atmosphere. 
The lowest damping va lues  w e r e  s t i l l  g r e a t e r  than  t h e  va lues  f o r  
t h e  13-foot be ry l l i um s p a r  (SCS-50). 

The pane l  s u f f e r e d  no major s t r u c t u r a l  damage and t h a t  which d i d  
occur d i d  no t  s i g n i f i c a n t l y  a f f e c t  t h e  s t r u c t u r a l  o r  electrical 
c h a r a c t e r i s t i c s  of t h e  panel.  
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10 
Pressure  (Torr)  

F i g u r e  7-11: EFFECT OF PRESSURE ON DYNAMIC COEFFICIENT Q 
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7.3 POWER DEGRADATION TESTS 

Before and a f t e r  v i b r a t i o n  tests, t h e  electrical ou tpu t  of t h e  SCS-43 
f u n c t i o n a l  test  panel  w a s  measured whi le  i l l umina ted  wi th  s imula ted  space  
s u n l i g h t  having an  i n t e n s i t y  of 140 m i l l i w a t t s  pe r  squa re  cent imeter .  
The i n t e n s i t y  and spectrum of t h i s  i l l u m i n a t i o n  w a s  measured b e f o r e  each 
test .  The so la r -pane l  temperature  w a s  measured during t h i s  e l e c t r i c a l  
performance test, and t h e  open-c i rcu i t  v o l t a g e ,  s h o r t - c i r c u i t  c u r r e n t ,  
and maximum-power readings  w e r e  ad jus t ed  t o  correspond t o  55°C va lues .  

A Spect ro lab  X-200 s o l a r  s imula to r  w a s  used t o  i l l u m i n a t e  t h e  s o l a r  pane l  
during t h e  power degrada t ion  tests. The i n t e n s i t y  i n  t h e  i l l umina ted  
area was  mapped wi th  a Boeing i n t e n s i t y  scanner  and w a s  found t o  be  uni- 
form w i t h i n  '2% (Figure 7-12). 
w i th  JPL balloon-flown Standard C e l l  Number 301, l o c a t e d  as shown i n  
F igure  7-12. 

The i n t e n s i t y  of i l l u m i n a t i o n  w a s  measured 

The spectrum of t h e  s imulated space  s u n l i g h t  w a s  measured wi th  a Beckman 
W139323 spec t roradiometer .  Within t h e  s o l a r - c e l l  s e n s i t i v i t y  range of 
0.35 t o  1 . 5  microns t h e  spectrum of t h e  s imulated s u n l i g h t  w a s  w i t h i n  
17 .7% of t h e  n a t u r a l  space  s u n l i g h t  when compared i n  0.1-micron bands. 
Natura l  s u n l i g h t  i n  space  w a s  considered t o  be  t h a t  def ined  i n  NASA 
SP-8005, Solar Electromagnetic Radiation, which i s  based on Johnson's 
d a t a .  

Pane l  temperatures  dur ing  t e s t i n g  w e r e  measured wi th  thermocouples. A s  
shown i n  F igure  7-13, t h e  thermocouple temperatures  f o r  T e s t  A (be fo re  
v i b r a t i o n )  and T e s t  B ( a f t e r  v i b r a t i o n )  w e r e  nea r ly  i d e n t i c a l ;  however, 
t h e r e  w a s  a temperature  d i f f e r e n c e  of up t o  25°C between thermocouple 
readings  a t  t h e  top and bottom of t h e  pane l .  
temperature  of t h e  pane l  w a s  determined from open-c i rcu i t  vo l t age .  
temperature ,  open-c i rcu i t  v o l t a g e  w a s  measured an  i n s t a n t  a f t e r  t h e  
i l l u m i n a t i o n  w a s  turned on. The open-c i rcu i t  v o l t a g e  w a s  a g a i n  measured 
15 minutes a f t e r  t h e  s o l a r  s imula to r  w a s  turned on, a f t e r  pane l  tempera- 
t u r e s  had s t a b i l i z e d .  C o e f f i c i e n t s  f o r  c o r r e c t i n g  open-c i rcu i t  v o l t a g e ,  
as w e l l  as s h o r t - c i r c u i t  c u r r e n t  and maximum power, t o  a s tandard  temp- 
e r a t u r e  of 55°C were supp l i ed  by J. Sandstrom of JPL. 

Therefore ,  t h e  e f f e c t i v e  
Room- 

Important  c h a r a c t e r i s t i c s  of t h e  SCS-43 test panel  are summarized i n  
Table  VII-2. 

T e s t  Resu l t s  and Analysis  

The SCS-43 test panel  w a s  examined f o r  damage b e f o r e  and a f t e r  v i b r a t i o n  
tests. 
t e s t i n g  t h a t ,  of course ,  w a s  no t  a t t r i b u t a b l e  t o  t h e  Phase I1 v i b r a t i o n  
test. 

A s  shown i n  F igure  7-14, t h e r e  was  cel l  damage during Phase I 
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I n d i c a t e s  C e l l  
Damage---Phase 

I n d i c a t e s  C e l l  
Damage---Phas e 

I 

I1 

L-1 L-2 L-3 L-4 

Figure 7-14: DAMAGED CELLS, LIVE CELL AREA---SCS-43 TEST PANEL 

Table VII-2: SCS-43 TEST PANEL---ELECTRICAL CHARACTERISTICS 

S i z e  of Panel  

S i z e  of Area wi th  So la r  C e l l s  

So lar -Cel l  S i z e  

Solar -Cel l  Thickness, 8 m i l  
N o m i n a l  

C e l l s  i n  S t r i n g  

4 by 4 f e e t  

2 by 2 f e e t  

2 by 2 cm 

32 ser ies-connected 7-cell 
p a r a l l e l  groups 

Number of S t r i n g s  i n  Panel  4 
Number of C e l l s  i n  Panel  89 6 
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One c e l l  w a s  found t o  have been damaged during t h e  v i b r a t i o n  test. 
a d d i t i o n ,  two in t e rconnec to r s  between s t r i n g s  t h a t  had no t  been proper ly  
bonded-down t o  t h e  s u b s t r a t e  w e r e  damaged i n  v i b r a t i o n  t e s t i n g .  
connectors  were r e p a i r e d  be fo re  t h e  p o s t v i b r a t i o n  electrical performance 
test. 

I n  

These 

Panel  performance b e f o r e  and a f t e r  t h e  v i b r a t i o n  test is shown i n  Table  
VII-3. 
shown i n  Figures  7-15 and 7-16, ad jus t ed  t o  correspond t o  55"C, as 
previous ly  descr ibed .  

The maximum power va lues  shown are from t h e  volt-ampere curves 

Table VII-3: PANEL PERFORMANCE BEFORE ANI) AFTER VIBRATION TEST 

Maximum 
Open- Short-  Maximum Temperature Panel  
C i r c u i t  C i r c u i t  Power Di f f e rence  Temperature 

Performance Voltage Current  Output Across Panel  ("C) 
Measured ( v o l t s )  (amperes) (wa t t s )  ("C) Avg Max 

Before 31.4 1.62 36.6 24.3 58.8 72.6 
Vib ra t ion  
(Test  A) 

- 

Afte r  31.4 1.60 36.0 25 58.2 72.8 
Vib ra t ion  
(Test  B) 

T e s t  Condi t ions 

I l l u m i n a t i o n  i n t e n s i t y :  

I l l u m i n a t i o n  uni formi ty :  Within '2% 

Standard cel l  used: JPL,  ba l loon  flow, No. 301 

140 mw p e r  sq cm 

Conclusions 

The maximum power p o i n t  of t h e  SCS-43 test panel  a f t e r  t h e  v i b r a t i o n  test 
w a s  1.6% below t h e  p r e t e s t  va lue .  This  d i f f e r e n c e  i n  maximum power is  
w i t h i n  t h e  experimental  e r r o r  of t h e  test s e t u p  and cannot be considered 
s i g n i f i c a n t .  

Likewise, t h e  change i n  s h o r t - c i r c u i t  c u r r e n t  caused by t h e  v i b r a t i o n  test 
w a s  w i t h i n  experimental  e r r o r .  
c i r c u i t  v o l t a g e .  

There w a s  no change i n  t h e  a d j u s t e d  open- 

7.4 QUALITY ASSURANCE 

TheLy &pec;t;iom 06 SCS-43 noxed panel de@& and k h d  cau~4n. 
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T e s t  pane l  SCS-43 w a s  processed through rece iv ing- inspec t ion  immediately 
on r e t u r n  from JPL and i n  p repa ra t ion  f o r  Task 8 t e s t i n g .  Af t e r  each 
V V 1  and VV2 environmental  tes t ,  i t  w a s  subjec ted  t o  complete v i s u a l  
i n spec t ions ,  and any p o s t t e s t  d e f e c t s  were recorded. 

O r i g i n a l  rece iv ing- inspec t ion  ind ica t ed  a loss of t ens ion  i n  one s u b s t r a t e  
t ape  s t r i p  i n  t h e  lower right-hand corner  of t h e  pane l  i n  a d d i t i o n  t o  one 
cracked s imulated c e l l .  These were t h e  only d e f e c t s  i n  a d d i t i o n  t o  those  
t h a t  e x i s t e d  be fo re  shipment t o  J P L  a t  the  conclusion of Phase I. Phase 
I1 processing and handling of SCS-43 r e s u l t e d  i n  seven a d d i t i o n a l  broken 
c e l l s  ( s ee  F igure  7-14). (S ix teen  c e l l s  were broken a t  t h e  conclusion of 
Phase I . )  No a d d i t i o n a l  d e f e c t s  w e r e  noted a f t e r  t h e  V V 1  v i b r a t i o n  test. 
Inspec t ion  a f t e r  t h e  VV2 test revea led  cracked i n t e r c o s t a l  cap (see 
Figure  7-17) on t h e  pane l  darks ide .  
broken i n  o r i g i n a l  bonding ope ra t ions . )  I n  a d d i t i o n ,  one c e l l  s o l d e r  
j o i n t  and an  in t e rconnec to r  w e r e  broken (see Figure  7-18). 

(Edges on t h i s  bery l l ium s t r i p  were 

Figure 7-1 7 : INTERCOSTAL CAP CRACK 
7-18 
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8.0 MATERIEL PROGRAM SUPPORT 

CoM;tinuou MmWieR’auppoM c o d b u t e d  t o  on-achedde d&vmy 
hiae, p m ,  and a mvica , and n a n e d  i n  a ; taZd pkogham navingn i n  
exca6 06 $SS,OOO. 

mate- 

8 .1  PROCUREMENT ACTIVITIES 

Purchased p a r t s ,  components, o u t s i d e  product ion,  and r a w  materials w e r e  
ob ta ined  i n  support  of program requirements  and w e r e  completed w i t h i n  
e s t a b l i s h e d  program budget.  A d i s p l a y  of budget expendi ture  by type  is  
shown i n  F igure  8-1. 

l l i u m  Processing 
em-Milling , Blanking, 

Standards and Raw Materials 

Cons is t ing  of :  
Simulated C e l l s  

Electric Blankets  
S i l i c o n e  Rubber 
Crush Grinding 

Figure 8-1 : MATERIEL PROCUREMENT BY PERCENT OF TOTAL DOLLARS SPENT 

8- 1 



D2-113355-7 

Purchased p a r t s ,  components, o u t s i d e  product ion ,  and subcont rac t  i t e m s  
were procured by t h e  program Materiel r e p r e s e n t a t i v e  wi th  a s s i s t a n c e  as 
requ i r ed  by Space Div i s ion  purchasing s p e c i a l i s t s .  Titanium, beryl l ium, 
aluminum, pr imers ,  miscel laneous r a w  materials, and s t anda rds  were pur- 
chased by t h e  Aerospace Group Cen t ra l  Procurement u n i t s .  
schedule  performance f o r  t h e s e  i t e m s  w a s  monitored by t h e  program Mate- 
r i e l  r e p r e s e n t a t i v e  loca t ed  i n  t h e  p r o j e c t  area. 

Purchase o rde r s  f o r  bery l l ium s h e e t  s t o c k  w e r e  placed wi th  Berylco and 
Brush Beryll ium a t  t h e  start of Phase 11. 
s t o c k  w a s  rece ived  from Brush Beryll ium wi th  apparent  watermarks o r  
some s i m i l a r  type  d i s c o l o r a t i o n .  Because of a t i g h t  manufacturing 
schedule ,  t h e  material w a s  accepted and cleaned a t  Boeing. 
n o t i f i e d  of t h e  discrepancy and agreed t o  process  material through t h e i r  
l abo ra to ry  t o  s imula t e  and i d e n t i f y  t h e  cause of t h e  d i s c o l o r a t i o n .  
This  w a s  accomplished a t  no c o s t  t o  Boeing and r e s u l t s  w e r e  forwarded t o  
Boeing and J P L  f o r  review. 

Costs  and 

One shipment of bery l l ium 

Brush w a s  

Chemical Energy Company i n  San Diego, C a l i f o r n i a ,  w a s  g iven  purchase 
o rde r s  t o  process  bery l l ium t o  D2-114048, Requirements for LASA Purchased 
BeryZZiwn Metal Surface Conditioning Services. 
Company processed 900 p a r t s  i n  Phase 11, which included blanked, chem- 
mi l l ed ,  and cleaned and primed p a r t s .  Based on o r i g i n a l  estimates and 
as a r e s u l t  of program ref inements  and s u p p l i e r  n e g o t i a t i o n s ,  t h e r e  w a s  
a program saving  of $33,740 i n  t h i s  area. The coopera t ion  of Chemical 
Energy Company personnel  i n  process ing  bery l l ium requirements  f o r  t h e  
program w a s  ou ts tanding .  Typica l  ope ra t ions  a t  t h e  Chemical Energy 
Company are shown i n  F igure  8-2. 

The Chemical Energy 

During t h e  e a r l y  p a r t  of t h e  program, t h e  v a l i d i t y  of t h e  manufacturing 
c o s t  estimate t o  f a b r i c a t e  t h e  boos t  tiedown shear  t e e t h  f i t t i n g s  w a s  
quest ioned and reviewed. During a meeting, i t  w a s  suggested t h a t  a 
r educ t ion  i n  c o s t s  could b e  accomplished by u t i l i z i n g  a s u p p l i e r  c rush  
gr inding  f a c i l i t y .  Materiel surveyed t h e  indus t ry  and loca ted  Rose l le  
Tool and D i e  Company i n  Rose l le ,  I l l i n o i s .  
w i th  Rose l l e  f o r  two t i t an ium f i t t i n g s  f o r  eva lua t ion .  The completed 
f i t t i n g s  w e r e  eva lua ted  and m e t  t h e  s p e c i f i c a t i o n s ,  r e s u l t i n g  i n  a buy 
dec i s ion .  
D i e  f o r  a t o t a l  program saving of $6,900. 

A purchase order  w a s  placed 

A product ion purchase o rde r  w a s  placed w i t h  Rose l l e  Tool and 

P a r t s  r e q u i r i n g  d ry  f i lming  and l u b r i c a t i o n  w e r e  processed a t  t h e  
I n d u s t r i a l  P l a t i n g  Company i n  S e a t t l e ,  Washington, one of t h e  approved 
sources  f o r  t h i s  process .  
r equ i r ed  t o  main ta in  t h e  manufacturing schedule .  

These p a r t s  w e r e  processed i n  1 t o  2 days as 

Electric b l anke t s ,  r equ i r ed  i n  t h e  bonding cyc le ,  w e r e  purchased from 
t h e  Br iscoe  Company, Columbus, Ohio. Br i scoe  engineers  designed and 
f a b r i c a t e d  t h e s e  b l anke t s  t o  m e e t  Boeing requirements .  

Based on a shor t age  of engineer ing  manpower, shop loads ,  and inhouse 
estimates, a d e c i s i o n  w a s  made t o  buy a s t r u c t u r e  f b r  pane l  deployment 
t e s t i n g .  Request f o r  Proposa ls  w e r e  forwarded t o  s i x  q u a l i f i e d  steel 

8- 2 
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Chem-Milling and Cleaning F a c i l i t y  

Spraying Primer on Cleaned P a r t s  

Figure 8-2: BERYLLIUM PROCESSING OPERATIONS 
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f a b r i c a t o r s .  Af t e r  t h e  compet i t ive  bidding w a s  reviewed, t h e  Leckenby 
Company w a s  g iven  a c o n t r a c t  to  prepare  shop d e t a i l s  and f a b r i c a t e  t h e  
f i x t u r e  t o  Boeing design.  
b u t  acce le ra t ed  t h e  schedule  by 2 months. 
and i n s t a l l e d  f o r  a t o t a l  sav ing  of $10,239. 
shown i n  F igure  8-3. 

The motor c a b l e  drum assembly, u t i l i z i n g  t h e  harmonic d r i v e  p r i n c i p l e ,  
w a s  designed,  manufactured, and t e s t e d  by t h e  United Shoe Machinery 
Corporation. Other manufacturers  w e r e  contac ted ,  b u t  d i d  no t  respond 
t o  t h e  Request f o r  Proposal ,  because t h e  harmonic d r i v e  p r i n c i p l e  i s  
pa ten ted .  

They no t  on ly  m e t  a l l  schedule  mi les tones ,  
The f i x t u r e  w a s  f a b r i c a t e d  

The f i x t u r e s  e r e c t i o n  is  

United Shoe Machinery proposed t o  des ign ,  f a b r i c a t e ,  and test a q u a l i f i -  
c a t i o n  test u n i t  and two product ion  u n i t s  f o r  $52,300. The s p e c i f i c a t i o n  
w a s  reviewed t o  e l i m i n a t e  o r  reduce c e r t a i n  requirements  t o  lower t h e  
c o s t .  A s  a r e s u l t ,  t h e  r e l i a b i l i t y  requirements  w e r e  reduced, which 
subsequent ly  reduced t h e  t o t a l  c o s t  t o  $45,000 f o r  a sav ing  of $7,300. 
A purchase o rde r  w a s  i s sued  t o  United Shoe Machinery, and forwarded t o  
JPL f o r  approval  on August 11, 1967. Approval w a s  rece ived  on October 
5, 1967, and confirmed wi th  United Shoe. 

United Shoe encountered manufacturing problems i n  January and r epor t ed  a 
p o t e n t i a l  3- t o  4-week s l i d e .  Materiel and engineer ing r e p r e s e n t a t i v e s  
immediately v i s i t e d  t h e  f a c i l i t y  t o  review and recommend a p l a n  t o  accel- 
erate t h i s  schedule.  United Shoe implemented a n  a l l - o u t  e f f o r t  working 
overt ime a t  no c o s t  t o  Boeing and de l ive red  one unqua l i f i ed  u n i t  on 
March 2, 1968. This  u n i t  w a s  a v a i l a b l e  2 weeks be fo re  t e s t i n g .  Quali- 
f i c a t i o n  t e s t i n g  w a s  subsequent ly  completed wi th  s a t i s f a c t o r y  r e s u l t s .  
The review of t h e  q u a l i f i c a t i o n  test r e p o r t  w a s  completed J u l y  2, 1968, 
and w a s  acceptab le  i n  a l l  b u t  two areas. These areas requ i r ed  a revi- 
s i o n  t o  t h e  test r e p o r t  on ly  and d i d  n o t  a f f e c t  t h e  de l ive red  u n i t s .  
F igure  8-4 con ta ins  photographs of t h e  motor c a b l e  drum assembly. 

Rotary dampers w e r e  purchased from t h e  Sesco Manufacturing Company. The 
dampers were t e s t e d  inhouse as Sesco d i d  no t  have s u f f i c i e n t  engineer ing 
o r  t e s t i n g  c a p a b i l i t i e s  t o  produce t o  a Boeing s p e c i f i c a t i o n .  

Other miscel laneous p a r t s  w e r e  purchased through t h e  c e n t r a l  procurement 
group w i t h  c o s t s  and schedules  monitored as necessary  t o  ensure  compli- 
ance t o  program requirements  and goa l s .  

8.2 SUPPLIER AND PROGRAM MANAGEMENTS 

To suppor t  program requirements ,  t h e  Materiel r e p r e s e n t a t i v e  p a r t i c i -  
pa ted  i n  a l l  make-or-buy d i c i s i o n s ,  Change Board activit ies,  program 
reviews, and ordered material o r  monitored o t h e r  purchase order  a c t i v i t y  
as necessary.  Table  V I I I - 1  summarizes a l l  make-or-buy dec i s ions  accom- 
p l i shed  dur ing  Phase 11. 

8-4 
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Exploded V i e w  

T e s t  S e t u p  

Figure 8-4: MOTOR/CABLE DRUM ASSEMBLY 
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Table  V I I I - 1 :  LASA PHASE I1 MAKE-OR-BUY SUMMARY 

I I t e m  , 

Beryllium 

Beryllium Fabr i ca t ion  and 
A s s  emb l y  

Beryll ium Chem-Milling, Etch- 
Clean, and Priming 

F ibe rg la s s  Tape 

Microsheet Glass (Simulated 
Solar  C e l l s )  

So la r  C e l l s  and Coverglasses 

Solar-Cel ls  Matching, Stock 
I n s t a l l a t i o n  and T e s t  

Panel  Dampers 

Machine P a r t s  

Crush-Grinding of Boeing- 
Furnished F i t t i n g s  

Miscellaneous Raw Material 

Miscellaneous Standards 

Pane 1 Deployment S t r u c  t u r  e 

Other Ground-Support Equip- 
ment 

Miscellaneous Purchased P a r t s  
and Components 

Make 

Make 

Make 

Make 

Make 

Buy t o  Boeing S p e c i f i c a t i o n  

Buy t o  Boeing Process  Document 

Buy t o  Boeing S p e c i f i c a t i o n  

BUY 

Customer-Furnished (CFE) 

Cred i t  reviews w e r e  ob ta ined  on new s u p p l i e r s  o r  when l a r g e  d o l l a r  pro- 
curement w a s  a n t i c i p a t e d .  
c ia l  problems nor  w a s  a s s i s t a n c e  r equ i r ed .  

A s  a r e s u l t ,  t h e r e  w a s  no subcont rac tor  f inan-  

Legal  services were used when r e v i s i o n s  t o  t h e  terms and cond i t ions  of 
t h e  purchase o rde r  w e r e  requi red .  During Phase 11, t h e  only  r e v i s i o n s  
nego t i a t ed  w e r e  w i th  United Shoe Machinery. These r e v i s i o n s  were o f ' a  
minor n a t u r e  and a mutual agreement was reached between Boeing and United 
Shoe Machinery and coordinated with-JPL.  

8- 7 
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Weekly a c t i v i t y  r e p o r t s  w e r e  submit ted t o  program and Materiel management 
personnel  o u t l i n i n g  program a c t i v i t y  and p o t e n t i a l  problems. This  enabled 
t h e  management personnel  t o  keep a b r e a s t  o f  Materiel performance o r  activ- 
i t y  and immediately assist when r equ i r ed .  

Procurement a c t i v i t y  r e p o r t s  were included i n  t h e  program monthly progress  
r e p o r t s  t o  JPL. 

8.3 MATERIALS MANAGEMENT 

Material requirement releases w e r e  screened by c o n t r o l  personnel  p r i o r  
t o  release t o  t h e  procurement group. 
i n  s t o r e s  s t o c k ,  r e q u i s i t i o n s  w e r e  i s sued  f o r  t h e  material. These requi-  
s i t i o n s  were processed t o  t h e  a p p l i c a b l e  s t o r e s  area f o r  i s s u e  of s t o c k  
material. 

I f  p a r t s  o r  materials were loca ted  

T r a f f i c  personnel  were r e spons ib l e  f o r  r o u t i n g  and t r a c i n g  a l l  incoming 
materials. 

8-8 
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9.0 PROGRAM EVALUATION SUMMARY 

Phase I1 r e s u l t s  have s i g n i f i c a n t l y  increased  confidence i n  t h e  LASA con- 
c e p t  f o r  high-power, l i gh twe igh t  s o l a r  a r r a y  development. A major p a r t  
of t h e  r e s u l t s  i nc ludes  b e t t e r  understanding of t h e  several problems t o  
b e  reso lved  i n  Phase 111. This  s e c t i o n  con ta ins  a c o l l a t i o n  of t h e  more 
important  conclusions and s p e c i f i c  recommendations t o  complete technology 
r ead iness  by t h e  end of 1970. 

9 1 CONCLUSIONS 

Phase I1 experimental  f a b r i c a t i o n  and test r e s u l t s  provide  adequate  d a t a  
t o  proceed wi th  f a b r i c a t i o n  and t e s t i n g  of MTA-4A i n  Phase 111. 

9.1.1 TWENTY-WATT-PER-POUND GOAL 

The g o a l  e s t a b l i s h e d  f o r  t h e  a r r a y  e f f i c i e n c y  is  20 w a t t s  of power gener- 
a t e d  p e r  pound of system weight f o r  a s o l a r  a r r a y  producing nominally 
50 kw a t  1 AU, a i r  mass 0 ,  and 55°C. 
produce t h i s  power is approximately 5,000 square  f e e t .  T o t a l  expected 
power output  f o r  t h e  a r r a y  des ign  i s  45.9 kw, and t o t a l  c a l c u l a t e d  system 
weight is  2,182 pounds. From t h i s ,  i t  i s  concluded t h a t  technology 
developed f o r  t h e  LASA w i l l  r e s u l t  i n  t h e  c a p a b i l i t y  t o  produce a r r a y s  
t h a t  m e e t  t h i s  requirement by t h e  end of Phase 111. 

9.1.2 FABRICATION AND ASSMBLY RESULTS 

The area of t h e  a r r a y  r equ i r ed  t o  

SuccanduR dabhiccrkian and maembRy ad Subpund! 1 (MTA-7 1 demamkrtcLted 
munudackuning cupubLt@y khtrough t h e  muin nubpunel Rev&. 

Assembly of a s t r u c t u r a l l y  sound, l igh tweight  s o l a r  pane l  of bonded des ign  
has  been demonstrated.  

F a b r i c a t i o n  of l ight-gage bery l l ium s h e e t  material p a r t s  t o  t h e  "machine" 
to l e rances  r equ i r ed  f o r  proper  bonding and t o  avoid b u i l t - i n  stresses has  
been proved f e a s i b l e .  

Techniques developed f o r  r e p a i r  of htweight  bonded s t r u c t u r e  have 
improved t h e  pract ical  a s p e c t s  of 

P r a c t i c a l  manufacturing methods - f o r  t h e  assemb 
cells,  t o  a p i l o t  q u a n t i t y  lev , on t h e  LASA s t ra te  have been demon- 
s t r a t e d .  

assembly method. 

and i n s t a l l a t i o n  of ' s o l a r  

9-1 
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9.1.3 TEST RESULTS 

The Phase I1 mechanism t e s t i n g  of t h e  SCM series and MTA-3 provided valu-  
a b l e  i n s i g h t  i n t o  s p e c i f i c  items r e q u i r i n g  cont inued a t t e n t i o n .  
may b e  grouped i n t o  t h r e e  main c a t e g o r i e s :  

These 

1) Dimensional c o n t r o l s  i nc lud ing  h inge  and l a t c h  al ignment  and 
c l ea rances  between moving p a r t s ;  

2) 

3) Control  of f r i c t i o n  e f f e c t s .  

Development of proper  s p r i n g  f o r c e s ;  

The SCM-2 test of a u x i l i a r y  pane l  mechanisms showed t h a t  t h e  v iscous  
dampers would n o t  " f r eeze  up" and prevent  a u x i l i a r y  pane l  deployment even 
i f  cooled t o  -100°F. 
v i s c o s i t y  of t h e  f l u i d  used i n  t h e s e  dampers appear  t o  be n e g l i g i b l e .  

The motor/cable  drum assembly used f o r  main panel  deployment appears  t o  
b e  a b a s i c a l l y  s a t i s f a c t o r y  u n i t .  
reviewed, and s u c c e s s f u l  ope ra t ion  on SCM-1 and MTA-3 tests was  accomplished. 

Add i t iona l  eva lua t ion  of t h e  boos t  tiedown release l inkage  a c t i o n ,  and t h e  
r i s k  of a s i g n i f i c a n t  t i m e  de l ay ,  should be  conducted i n  Phase 111. The 
s imula ted  t e s t i n g  of SCM 30-2 showed no impact i n  c r i t i c a l  areas i f  t h e  
de lay  i s  0.1 second o r  less. 

Thus, r i s k s  of f a i l u r e  a s soc ia t ed  wi th  excess ive  

A q u a l i f i c a t i o n  test w a s  conducted and 

The g r ipp ing  a c t i o n  of t h e  c e n t e r - t i e  release mechanism w i l l  b e  adequate. 
The a d d i t i o n a l  t e s t i n g  planned during Phase I11 is needed t o  provide  ade- 
qua te  assurance  t h a t  a l l  elements w i l l  perform adequately as a system, 
a f t e r  exposure t o  launch v i b r a t i o n  and thermal-vacuum environments. 

9.1.4 MTA-3 CONFIGURATION 

MTA-3 mechanidm musk be identic& ktr MTA-4 d m  depbymmt ke& and check- 
O U A  pmpOht4n. 

For MTA-3 t o  provide  t h e  maximum use fu lness  during Phase 111, t h e  pane l  
assembly model should be  maintained i n  "mechanism conf igura t ion"  i d e n t i c a l  
t o  MTA-4 des ign .  The MTA-3 drawings should b e  updated t o  r e f l e c t  t h e  
mechanism changes involv ing  form, f i t ,  o r  f u n c t i o n  made i n  Phases I1 and 
111, and t h e  MTA-3 hardware should b e  upgraded t o  t h e  MTA-4 mechanism 
conf igu ra t ion .  The hardware change work should b e  done on a minimum- 
c o s t  non in te r f e rence  schedule  b a s i s .  
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9.1.5 ANALYSIS 

The andy;ticcLe pfiogtuxm h a  n u d i e d  ab jec ; t i vu  by con&hning Rhe d u a n  
06 Rthe ph%ncU~y &emeh ad Rhe m a y  and & X ~ A R  equipmeMk an by idevuXby- 
ing Rthe app~ophia te  modi~ica;tioMn ;to ;the d s n i g n  andlon op&ond pmeedmu. 

T e s t  i n v e s t i g a t i o n s  performed i n  Phase I1 have confirmed t h e  load  pa ths ,  
t h e  s ta t ic  and dynamic ana lyses ,  and member s izes  t o  a subpanel  level. 
Care fu l  eva lua t ion  of component and deployment tests has  proved t h e  b a s i c  
v a l i d i t y  of t h e  deployment a n a l y s i s  and t h e  ground test approach. 

The f i r s t  a n a l y s i s  of t h e  primary s t r u c t u r e  and mechanical elements es tab-  
l i s h e d  t h e  f i r s t  i t e r a t i o n  of t h e  load  pa ths  and member s i z e s .  The second 
a n a l y s i s  revea led  a need f o r  some modi f ica t ions  t o  t h e  des ign  of t h e  p r i -  
mary s t r u c t u r e  and mechanisms. The most s i g n i f i c a n t  of t h e s e  changes w e r e  
as fo l lows:  

1) 

2) 

Center-spar cap gages w e r e  i nc reased ;  

Tfedown mechanism w a s  redesigned t o  provide more e f f i c i e n t  load  pa ths  
and reduce some i n t e r n a l  loads  due t o  tiedown; 

Release mechanism w a s  modified t o  g e t  a much h ighe r  degree  of 
r e l i a b i l i t y .  

3 )  

Ser ious  problems s t i l l  remain t o  b e  reso lved  i n  Phase I11 t o  complete t h e  
LASA technology r ead iness  goa l .  The complex problem of confirming t h e  
dynamic response of a stowed s o l a r  a r r a y  is f u r t h e r  complicated by t h e  
p h y s i c a l  l i m i t a t i o n  of t h e  vacuum chamber t o  conduct l a rge - s i zed  v ibra-  
t i o n  tests and by t h e  economic need f o r  ex tens ive  use  of dynamic simula- 
t o r s  i n  l i e u  of bery l l ium panel  assembl ies .  

Also, t h e  p r e d i c t i o n  of t h e  dynamic behavior  of t h e  a r r a y  during a space 
deployment i s  inf luenced  by numerous f a c t o r s  of very s m a l l  magnitude 
r e q u i r i n g  s o p h i s t i c a t e d  techniques f o r  a n a l y s i s .  

Array des ign  d e t a i l s  should be c a r e f u l l y  eva lua ted  a n a l y t i c a l l y ,  i n  l i g h t  
of p re sen t  knowledge, t o  determine i f  minor des ign  changes could s i g n i f i -  
c a n t l y  reduce t h e  a n a l y t i c a l  problems o r  test  requirements .  

9.1.6 NEW TECHNOLOGY DISCLOSURES 

Five  new technology d i s c l o s u r e s  have been t r ansmi t t ed  t o  t h e  NASA new 
technology o f f i c e r  a t  JPL.  

1 )  

They are: 

Beryll ium hot-forming lubricant---The use  of boron n i t r i d e  as a l u b r i -  
c a n t  when forming bery l l ium s h e e t  i n t o  channels;  

2) Detec t ing  subsu r face  d e f e c t s  i n  bery l l ium by eddy current---A method 
f o r  using t h e  eddy c u r r e n t  technique t o  d i scove r  flaws t h a t  have been 
unde tec t ab le  i n  t h e  p a s t ;  

Disassembly o€ s t r u c t u r e  bonded wi th  AF-126 adhesive---A technique f o r  
disassembling bonded bery l l ium j o i n t s  wi thout  damage t o  t h e  p a r t s .  

3)  
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4 )  Sol id  S t a t e  Switch---A switch wi th  no moving con tac t s .  

5 )  Sol id  S t a t e  Potentiometer---To vary  p o t e n t i a l  and r e s i s t a n c e  uniformly 
and wi thout  n o i s e  'or wear. 

9.2 RECOMMENDATIONS 

Phase I1 r e s u l t s  c l e a r l y  i n d i c a t e  t h a t  f u r t h e r  op t imiza t ion  of t h e  a r r a y  
des ign ,  f a b r i c a t i o n ,  and test  and a n a l y s i s  p lans  i s  poss ib l e .  The 
fol lowing s p e c i f i c  recommendations w i l l  r e s u l t ' i n  weight ,  c o s t ,  and tech- 
nology improvements. 

9.2.1 DESIGN OF SOLAR ARRAY 

During t h e  development of t h e  LASA design,  materials and f a b r i c a t i o n  
processes  have been improved. There are a l s o  changes i n  des ign  t h a t  
have been i d e n t i f i e d  t h a t  could improve t h e  a r r a y  performance bu t  r e q u i r e  
development and eva lua t ion .  

Three changes t h a t  show promise of m a t e r i a l l y  a f f e c t i n g  t h e  c o s t  of t h e  
s o l a r  a r r a y  are (1) s u b s t i t u t i o n  of extruded bery l l ium s e c t i o n s  f o r  t h e  
bonded bery l l ium s e c t i o n s ,  (2) s u b s t i t u t i o n  of improved adhesives  f o r  
t h e  AF-126 adhesive,  and (3) r e v i s i o n  t o  s u b s t r a t e  des ign .  

It i s  recommended t h a t  an  eva lua t ion  of t h e s e  t h r e e  des ign  changes be 
made t o  f u r t h e r  opt imize t h e  Large Area So la r  Array des ign .  

A b r i e f  d e s c r i p t i o n  of each des ign  change recommended f o r  eva lua t ion  
f 0 l lows . 

Extruded Beryll ium Sections---The method of assembling bery l l ium 
s e c t i o n s  from hot-formed channels and cap s t r i p s  bonded under pres-  
s u r e  and h e a t  would b e  rep laced  wi th  bery l l ium ex t rus ions .  Th i s  
would save t h e  f a b r i c a t i o n  t i m e  r equ i r ed  t o  hot-creep form and 
edge-trim t h e  channels ,  chem-mill, i n s p e c t  and assemble t h e  tubu- 
lar  s e c t i o n s .  

S u b s t i t u t i o n  of Improved Adhesives---During miss ion  a n a l y s i s  of t h e  
Large Area So la r  Array, temperature  extremes w e r e  def ined  t h a t  
r e q u i r e  t h e  s t r u c t u r a l  adhes ive  t o  mainta in  i ts  s t r e n g t h  a t  167'F. 
The p resen t  adhes ive ,  AF-126, m e e t s  t h i s  requirement .  U s e  of t h i s  
adhes ive  r e q u i r e s  cu r ing  a t  225'F and a 17-psi  p re s su re .  
t h e  s e l e c t i o n  of AF-126 adhesive,  several new adhes ives  have been 
developed and a r e e v a l u a t i o n  of t h e  new adhesives  could s impl i fy  
f a b r i c a t i o n  procedures ,  reducing c o s t .  

S ince  

Revis ion t o  S u b s t r a t e  Design---The des ign  of LASA s u b s t r a t e  w a s  
completed i n  Phase I. With t h e  a d d i t i o n a l  exper ience  gained i n  
f a b r i c a t i n g  t h e  s u b s t r a t e  f o r  MTA-1. it i s  be l ieved  t h a t  a r ev i sed  
des ign  would reduce t h e  c o s t  and weight of f a b r i c a t i o n .  S u b s t r a t e  

I spacing and t a p e  width would b e  eva lua ted .  
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I n  a d d i t i o n ,  approximately 50 pounds of a r r a y  weight can be e l imina ted  by 
f u r t h e r  des ign  opt imiza t ion .  
savings are as fol lows:  

Changes recommended f o r  p o t e n t i a l  weight 

Shear web gage r educ t ion ;  

Revis ion of t i t an ium f i t t i n g s  t o  d e l e t e  weld l ands ,  i n c r e a s e  h e a t  
t rea tment ,  and add l i gh ten ing  ho le s ;  

Reduction of gage of shea r  t e e t h  and compression-pads; . 

Removal of excess  material from outboard quadrants ;  

Gage r educ t ion  of main-hinge assembly; 

Combination of t h e  a u x i l i a r y  subpanel  h inges  and damper bracke t  and 
h inge  gage r educ t ion ;  

Replacement of t h e  two round Monel deployment cab le s  wi th  one f l a t  
s t e e l  cab le  outboard of Buttock Line 100. 

9.2.2 FABRICATION AND ASSEMBLY RECOMMENDATIONS FOR PHASE I11 

Those i t e m s  of bery l l ium s h e e t  material t h a t  do no t  r e q u i r e  hot-form- 
ing  should be  procured t o  n e t  width and prepared f o r  bonding as s tock  
material. F l a t  s t o c k  t o  be  formed should be procured t o  forming 
b lank  width,  and a l l  ope ra t ions  r equ i r ed  p r i o r  t o  bonding should be  
completed on t h e  s t o c k  material. Both f l a t  and formed p a r t s  should 
be  c u t  t o  length  from s t o c k  material under c o n t r o l l e d  c l ean  condi- 
t i o n s ,  s o  t h a t  no subsequent c leaning  i s  r equ i r ed  be fo re  bonding. 

New too l ing  f o r  f u t u r e  product ion should provide  f o r  mul t ip le -  
channel forming on each forming cyc le .  

I n t e r c o s t a l  s t i c k  assemblies  should be  c u t  t o  l eng th  from stock-  
l eng th  bonded assemblies .  The width of t h e  i n t e r c o s t a l  caps should 
be reduced and t h e i r  gage correspondingly increased  t o  reduce danger 
of breakage i n  handl ing.  

EB welding c a p a b i l i t y  should be  eva lua ted  f u r t h e r  t o  determine t h e  
a d v i s a b i l i t y  of minor des ign  changes i n  t h e  t i t an ium f i t t i n g s  t o  re- 
duce weight and improve machinabi l i ty .  

S u b s t r a t e  assembly too l ing  should be  improved by a d d i t i o n a l  t ape  
l o c a t o r s .  

The frame bonding ope ra t ion  should be  s i m p l i f i e d  and too l ing  r ev i sed  
t o  accomplish g u s s e t  and c l i p  bonds i n  a s ingle-cure  cyc le  applying 
bonding p res su re  wi th  removable overhead s t r u c t u r e .  This  w i l l  per- 
m i t  more uniform hea t ing  dur ing  t h e  frame cu re  cyc le .  
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7) Assembly of s o l a r - c e l l  submodules wi th  i n f r a r e d  s o l d e r i n g  should be  
recons idered  as a p o t e n t i a l  c o s t  saving f o r  f u t u r e  assemblies .  

9 2.3 TEST RECOMMENDATIONS 

Because dynamic ana lyses  are t h e  nucleus t o  a s u c c e s s f u l  Phase I1 pro- 
gram, it is  recommended t h a t  t h e  f i r s t  task i n  Phase I11 should b e  t h e  
reassessment  of our  a n a l y t i c a l  p l a n  and goa l s  and t h e  development of a 
thoroughly i n t e g r a t e d  test p l an  t o  suppor t  t h e  ana lyses .  

9.2.3.1 Vib ra t ion  Tes t ing  

An a d U a n u l  vacuum vibha;tian kenk 06  MTA-$A may be t t e y h e d  ka dam- 
mine damping chanac tu ; t i cn .  

MTA-1 v i b r a t i o n  test r e s u l t s  show t h a t  a i r  damping c o n t r i b u t e s  about 30% 
t o  t h e  t o t a l  s t r u c t u r a l  damping of a n  i n d i v i d u a l  s o l a r  panel .  The tests 
a l s o  show t h a t  a dynamic magni f ica t ion  f a c t o r  Q of a s i n g l e  s o l a r  pane l ,  
f o r  f i r s t  mode bending i n  vacuum, i s  between 14.5 and 21.  Excluding t h e  
damping c o n t r i b u t i o n  of t h e  va r ious  f i t t i n g s  i n  t h e  pane l  assembly launch 
conf igu ra t ion ,  a n  estimate of Q = 16 t o  30, f o r  f i r s t  mode bending, i s  
p o s s i b l e  a t  t h i s  t i m e .  Therefore ,  t h e  shear - tee th  and boos t  tiedown 
system may have t o  provide  a d d i t i o n a l  s i g n i f i c a n t  damping i f  t h e  design 
Q of 15 f o r  t h e  stowed a r r a y  i s  t o  be achieved.  A necessary p a r t  of t h e  
Phase I11 test  program is t h e  de te rmina t ion  of stowed panel  assembly 
damping, so t h a t  t h e  p o s s i b l e  need f o r  a u x i l i a r y  damping can b e  eva lua ted .  

The v i b r a t i o n  test descr ibed  i n  t h e  Phase I11 proposa l  i s  a test of t he  
stowed panel  assembly t o  t h e  levels s p e c i f i e d  i n  GMP-50505-FNC-B. The 
s p e c i f i c a t i o n  d i d  n o t  relate v i b r a t i o n  environments t o  a tmospheric  pres-  
s u r e ,  b u t  t h e  levels s p e c i f i e d  are assumed t o  b e  t h e  maximum t h a t  occur 
during t h e  i n i t i a l  boos t  phase a t  1 atmosphere. However, examination of 
t h e  s p e c i f i e d  environmental  levels sugges ts  t h a t  t h e s e  levels a l s o  may 
be  produced by t h e  Centaur upper s t age .  I n  t h i s  case, a i r  damping would 
no t  be e f f e c t i v e ,  and a l l  damping must b e  der ived  w i t h i n  t h e  a r r a y  s t ruc -  
t u r e .  

To confirm t h e  a r r a y  des ign  under v i b r a t i o n  a t  a l t i t u d e ,  s tudy  of a n  ad- 
d i t i o n a l  vacuum chamber mode shape and damping test i s  recommended e a r l y  
i n  Phase 111. MTA-4A wi th  t h e  v i b r a t i o n  s imula to r  i n s t a l l e d  would b e  
mounted w i t h  t h e  t h r e e  dummy-panel assemblies  on a v i b r a t i o n  f i x t u r e .  
The test  would be conducted i n  t h e  39-foot vacuum chamber. Small elec- 
trodynamic shakers  would d r i v e  t h e  stowed "array." Two s e t u p s  would b e  
r equ i r ed  t o  d r i v e  t h e  MTA-4A both  in-plane and out-of-plane. 
would c o n s i s t  of a low-level modal survey and damping de termina t ion ,  and 
would no t  be  c a r r i e d  out  a t  t h e  1.5-g levels s p e c i f i e d  i n  GMP-50505-FNC-B. 

The test 

9 2.3.2 Deployment Tes t ing  

9-6 



D2- 113355-7 

Analysis  of t h e  MTA-3 deployment tests has  shown t h a t  some minor changes 
are r equ i r ed  i n  t h e  mechanisms, t h e  des ign  of t h e  deployment f i x t u r e  o r  
equipment, and t h e  deployment tes t  ( o r  ope ra t iona l )  procedures .  These 
changes a re  necessary t o  achieve  a s u c c e s s f u l  performance of MTA-4A tests 
i n  Phase I11 and t o  ensure  t h e  c a p a b i l i t y  of t h e  a r r a y  t o  deploy i n  
space ,  (Refer t o  Sec t ion  5 and T e s t  Report D2-113350-3 f o r  d e t a i l s . )  

It i s  d e s i r a b l e  t o  provide gene ra l  d a t a  acceptance test c r i te r ia  g iv ing  
l i m i t i n g  va lues  on c los ing  v e l o c i t i e s ,  cab le  t ens ion ,  sp r ing  rates, and 
damper c h a r a c t e r i s t i c s  f o r  test eva lua t ion .  It is  recommended t h a t  t h e  
fol lowing changes be  made i n  Phase 111 t o  gene ra t e  these  c r i t e r i a :  

1) Reevaluate  t h e  data-measuring devices  and procedures t o  improve t h e  
accuracy of d a t a  and provide  some a d d i t i o n a l  d a t a  i t e m s ;  

Determine t h e  magnitude of f r i c t i o n a l  moments i n  t h e  a r r a y  f o r  each 
of t h e  f i v e  s p e c i f i c  deployment sequences and t h e i r  sources ;  

2) 

3) Provide a deployment test procedure t h a t  s e p a r a t e l y  i d e n t i f i e s  t h e  
t r a c k  and GSE e f f e c t s .  

Deta i led  d i scuss ion  of t h e  design procedura l  changes is  found i n  Sec t ion  
5 and t h e  T e s t  Report .  

I t  is concluded t h a t  t h e  deployment tests confirmed t h a t  t h e  b a s i c  design 
of t h e  ground deployment equipment and t h e  deployment procedures are 
sound and t h a t ,  i f  t h e  above recommendations are followed, s u c c e s s f u l  
performance of deployment tests i n  Phase I11 can be  accomplished. 

9 .3  PHASE 111 PROGRAM EVALUATION SUMMARY 

Phases I and I1 developed t h e  technology t o  a high-confidence level  i n  
designing,  f a b r i c a t i n g ,  and t e s t i n g  s i n g l e  LASA-type s o l a r  pane ls  f o r  
s p e c i f i c  mission a p p l i c a t i o n .  Technology i s  ready today t o  b u i l d  20- 
watt-per-pound s o l a r  pane ls  using s imple  pane l  packaging f o r  four  pane l  
a r r a y s  of power levels up t o  4 kw. The Phase 111 o b j e c t i v e  is c l e a r l y  
one t o  v e r i f y  t h e  technology f o r  high-power, mult iple-panel  a r r a y s  re- 
qu i r ing  complex packaging and deployment techniques.  Technology v e r i f i -  
c a t i o n  f a l l s  i n t o  seven primary areas of concern: 

1) Thermal des ign  confirmation;  

2) Mode shape and resonant  frequency confirmation;  

3) Damping measurements ; 

4) Deployment c h a r a c t e r i s t i c s  confirmation;  
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5) High-level v i b r a t i o n  des ign  v e r i f i c a t i o n ;  

6) Acoust ic  des ign  v e r i f i c a t i o n ;  

7) Boost tiedown system release c h a r a c t e r i s t i c s  evaluat ions.  

The p l a n  f o r  accomplishing t h e  Phase I11 LASA Program is contained i n  
Boeing Proposal ,  D2-114179. 
are depic ted  by t h e  tes t - f low i l l u s t r a t i o n ,  F igure  9-1. 

The e s s e n t i a l  elements of t h e  t e s t ' p rog ram 

An eva lua t ion  of t h e  p re sen t  technology s t a t u s  and r i s k s  involved i n  
ca r ry ing  ou t  t h e  Phase I11 program i s  summarized below, w i t h  r e s p e c t  t o  
t h e  areas of concern l i s t e d  above, 

1 )  Low-Risk Analysis  Area---The thermal des ign  conf i rmat ion  and mode 
shapes and resonant  frequency confirmation f a l l  i n t o  t h i s  category.  
The a n a l y s i s  techniques are q u i t e  well-understood and proved, and 
t h e  consequence of a misca lcu la t ion  could be  r e a d i l y  co r rec t ed  by 
minor hardware changes. 

2) Low-Risk Design Areas---The a c o u s t i c  des ign  v e r i f i c a t i o n  and t h e  
boos t  tiedown release c h a r a c t e r i s t i c s  areas are both r e l a t i v e l y  low- 
r i s k  "design" areas t h a t  can be  proved only by test. 
of f a i l i n g  a test f o r  a c o u s t i c  des ign  would be  severe, b u t  adequate  
margin probably e x i s t s  i n  t h e  LASA des ign  based on t h e  prev ious  lower 
level a c o u s t i c  test r e s u l t s .  

The consequences 

I f  t h e  boost  tiedown and release system f a i l s  tests, a number of al- 
t e r n a t e  des igns  are f e a s i b l e  and could be  developed t o  r e p l a c e  t h e  
p re sen t  mechanism system w i t h  a probable  a t t e n d a n t  weight i nc rease .  

3) Medium-Risk Areas---Deployment c h a r a c t e r i s t i c s  confirmation i s  more 
an  a n a l y s i s  v e r i f i c a t i o n  problem than  a hardware problem, s i n c e  t h e  
magnitude of ground test f o r c e s  overshadows t h a t  a c t u a l l y  expected 
i n  space  deployment. The exactness  of t h e  a n a l y s i s  v e r i f i c a t i o n  can 
be  l o s t  i n  t h e  "noise" of t h e  test  equipment and ins t rumenta t ion .  
A l t e r n a t e l y ,  t h e  a r r a y  can be  shown t o  s u c c e s s f u l l y  deploy i n  space  
by a n a l y s i s ,  and test r e s u l t s  w i l l  probably confirm t h e  a n a l y s i s  f o r  
a few r e p r e s e n t a t i v e  deployments where i n i t i a l  condi t ions  of l a t c h i n g  
v e l o c i t y  and cab le  t ens ion  are e s t a b l i s h e d .  I f  t h e  a n a l y s i s  and 
ground tests become t o t a l l y  incompatible ,  s imple hardware changes 
can b e  incorpora ted  i n  t h e  MTA-4 mechanisms t o  overcome fo reseeab le  
deployment problems. Therefore ,  deployment is no t  s een  as a c r i t i ca l  
technology problem, b u t  could become a d e t a i l  desi'gn problem. 

4) High-Risk Areas---The h igh- r i sk  areas are measurement of t h e  a r r a y  
damping c h a r a c t e r i s t i c s  and t e s t i n g  t h e  stowed pane l  assembly t o  t h e  
s p e c i f i c a t i o n  environments. 
uses  v i b r a t i o n  s imula to r s  both w i t h i n  t h e  MTA-4 p a n e l  assembly "stack" 
and t o  s u b s i t u t e  f o r  t h e  missing 3-panel assemblies .  
f o r  designing t h e s e  s imula to r s ,  performing meaningful tests, and 
forming conclusions based on t h e  test  a n a l y s i s  are h igh ly  complex. 

The proposed Phase I11 'test program 

The techniques 
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The r i s k s  of n o t  adequately determining Q f o r  t h e  a r r a y  o r  dupl ica-  
t i n g  t h e  MTA-4 mass, s t i f f n e s s ,  damping, and mechanical i n t e r f a c e  
c h a r a c t e r i s t i c s . w i t h i n  t h e  s imula to r s  are q u i t e  high.  I n  view of 
t h e  high c o s t  of a Phase I11 development program t o  provide  s u f f i c i e n t  
r e p r e s e n t a t i v e  bery l l ium s t r u c t u r e  f o r  v i b r a t i o n  test purposes ,  the 
r i s k  of no t  ob ta in ing  t h e  r equ i r ed  r e s u l t s  cal ls  f o r  c a r e f u l  reeval- 
u a t i o n  of t h e  hardware and v i b r a t i o n  test  program a t  t h e  s ta r t  of 
Phase 111. 
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10.4 SYMBOLS, TERMS, AND DEFINITIONS 

Large Area So la r  Array 

Ground Support  Equipment 

Stowed Panel  Assembly Transpor te r  

Panel  A s s  emb ly Deployment Mod e l  

Small Component T e s t  Art ic le---Structures  

Small  Component T e s t  Article---Cells 

Small Component T e s t  Article---Electrical 

Small  Component T e s t  Article---Mechanisms 

Major T e s t  Art ic le  

Spacecraf t  prime electrical power i s  provided by 
one o r  more two-wire ungrounded systems. Power is 
suppl ied  by s o l a r  cells and i s  a v a i l a b l e  as un- 
r egu la t ed  d i r e c t  c u r r e n t  a t  s p e c i f i e d  vo l t ages .  

L i  it Design Lo 

U l t i m a t e  Design 
Load 

Allowable Load 

Bus Voltage 

Trans i en t s  , 
Electrical 

d s  

Any component o r  subsystem t h a t  u ses  electric power 
and i s  normally opera ted  as a u n i t  is considered 
t o  b e  a load. 

This  expresses  t h e  upper and lower v o l t a g e  l i m i t s  
t h a t  w i l l  permi t  normal ope ra t ion  of load equipment 
i n  a miss ion  environment. 

L i m i t  loads r e p r e s e n t  t h e  maximum loads  t h e  s t r u c -  
t u r e  i s  expected t o  exper ience  under s p e c i f i e d  
condi t ions  of ope ra t ion ,  u se ,  o r  test .  A l l  loads  
and load  f a c t o r s  used i n  t h i s  document are l i m i t  
loads  un le s s  o therwise  noted.  

A l i m i t  des ign  load is  a l i m i t  load m u l t i p l i e d  by 
t h e  a p p r o p r i a t e  hazard f a c t o r .  For t h e  test loads 
s p e c i f i e d  h e r e i n ,  t h e  hazard f a c t o r  is u n i t y .  The 
y i e l d  des ign  load  is  i d e n t i c a l  t o  t h e  l i m i t  des ign  
load.  

The u l t i m a t e  des ign  load i s  t h e  l i m i t  de s ign  load 
m u l t i p l i e d  by 1.25. 
The a l lowable  load  f o r  a s t r u c t u r a l  element i s  t h a t  
load  a t  which f a i l u r e  i s  imminent f o r  t h e  y i e l d  o r  
u l t i m a t e  condi t ion ,  as appropr i a t e .  

The bus v o l t a g e  i s  measured a t  t h e  main electrical 
bus te rmina ls .  The measured value w i l l  vary  wi th  
t h e  load  b u t  w i l l  always b e  w i t h i n  t h e  s p e c i f i c  
v o l t a g e  range. 

An electrical t r a n s i e n t  is t h e  changing cond i t ion  
of a charact 

w i t h i n  10 mi l l i seconds .  

t i c  t h a t  goes beyond t h e  steady- 
r e t u r n s  t o  t h e  s t eady- s t a t e  l i m i t s  
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E l e c t r i c a l  Load 
P r o f i l e  

Source (Generation) 
Impedance 

Reverse Current  

Inrush Current  

Fau l t  Current  

Ripple  

So la r  Array Config- 
u r a t i o n  

Solar  C e l l  

S u b s t r a t e  

E l e c t r i c a l  Bus 

Bus Crossovers 

A c h a r t  o r  graph showing power demands (wat t s )  a t  
t h e  main electrical bus as a func t ion  of t i m e .  

'The source  impedance i s  a v a r i a b l e  t h a t  depends 
on s o l a r  i n t e n s i t y ,  temperature  of t he  s o l a r  cells, 
and t h e  amount of e l e c t r i c a l  load.  

A cond i t ion  where c u r r e n t  flow reverses d i r e c t i o n  
due t o  a h igher  generated vo l t age  from t h e  e l e c t r i -  
cal  load. Reverse c u r r e n t  is  defined as having a 
du ra t ion  of 10 o r  more mi l l i seconds  and i s ,  there-  
f o r e ,  no t  consldered a t r a n s i e n t  occurrence.  

Current  t h a t  is g r e a t e r  than normal opera t ing  cur- 
rent t h a t  may b e  caused by va r ious  cond i t ions ,  b u t  
i s  always a s soc ia t ed  wi th  switching on an electri- 
c a l  load. 

The increment of c u r r e n t  t h a t  appears a t  t h e  gen- 
e r a t o r  te rmina ls  and i s  caused by a phys ica l  s h o r t  
c i r c u i t  of t h e  power l eads .  

Ripple  i s  t h e  a.c. v a r i a t i o n  of v o l t a g e  about a 
f ixed  d.c.  vo l t age  during s t eady- s t a t e  d .c .  e lec-  
t r i c a l  system opera t ion .  

Four s o l a r  panels---a complete assembly f o r  one 
veh ic l e .  The l a r g e s t  element of t he  s o l a r  a r r a y  

Solar  Panel  (Assembly) t h a t  a t t a c h e s  t o  t h e  s p a c e c r a f t .  

Sub panel  The largest element of a s o l a r  panel .  

Subpanel Unit  A main subpanel and two a u x i l i a r y  subpanels.  

Solar-Cel l  Module A module i s  t h e  minimum group of s o l a r  c e l l s  t h a t  
w i l l  independent ly  produce t h e  e l e c t r i c a l  subsys- 
tem vo l t age  a t  t h e  output  terminals of t h e  c e l l  
group. Modules w i l l  assume var ious  phys ica l  out- 
l i n e s  as requi red  by the  conf igu ra t ion  of t h e  
s t r u c t u r a l  suppor t .  Electrical power output  w i l l  
vary  wi th  t h e  number of s o l a r  cells used i n  t h e  
module. 

The smallest e l e c t r i c a l  producing element of t h e  
module. 
u t i l i z e d .  

F ibe rg la s s  t ape  mat r ix  t h a t  suppor ts  t h e  s o l a r  
cells. 

Metallic conductors t h a t  provide electrical con- 
t i n u i t y  between s o l a r - c e l l  modules and between 
each s o l a r  pane l  assembly and t h e  s p a c e c r a f t .  

F l e x i b l e  o r  hinged buses t h a t  provide electrical 
con t inu i ty  ac ross  s o l a r  pane l ,  subpanel ,  o r  s o l a r  
a r r a y  hinge poin ts .  

S ing le  c r y s t a l  s i l i c o n  elements are 
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