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1.0 INTRODUCTION 

The objective of this contract is to develop a material with the Eollow- 

ing properties : 

1. Ability to erect without an inflation system or external aids. 

2. 

3. 

4. Radio frequency reflectivity ( 8 - 9  GHz) 95-98 per cent that of a 

Open mesh configuration, 90 per cent open to solar radiation. 

Rigidity to withstand solar pressure with a safety factor of 5.0. 

similar solid surface. 

This report discusses work performed during the June-August period. The 

information that would appear in an August monthly report is included as part 

of this report. 

G .  T. Schjeldahl Co. Quarterly Report -1- 
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2 . 0  SUMMARY , 

A/&- %947 
A fabric was prepared from a Dacron-glass combination yarn and compared 

to a similarly woven sample of fiberglass. It was found that the fiberglass 

fabric had superior flexural rigidity and tensile strength. 

1 A number of sizing agents were evaluated, three commercial and ten lab- 

oratory sizes. Of these supplied by Hess, Goldsmith a polyvinyl chloride 

s i z e  appeared the best. Of the  laboratory applied size Silane All00 had the 

highest tensile strength and flexural rigidty. 

Of the four seam designs tested a simple overlap had the lowest resist- 

ance. 

Work on the determination of the fold resistance of the material is 

described. The effect of folding on electrical resistance is discussed. 

Several pilot production runs were made during this period, and data 

n are presented describing the properties. 

G. T. Schjeldahl Co. Quarterly Report 
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3.0 DISCUSSION 

3.1  EVALUATION OF DACRON-GLASS OMBINATION FABRIC - 
A sample of a f iberglass-Dacron combination yarn w a s  secured from 

Owens-Corning, Th i s  combination, GDD941(1/2) 4.4.9, i s  a 40. d e n i e r  Dacron 

ya rn  twined w i t h  ECD 900 1/0 g l a s s  yarn. 

necessa ry  t o  p repa re  a f a b r i c  so t h a t  a comparison t o  t h e  p r e s e n t  g l a s s  f a b r i c  

could be made. A hand loom w a s  used t o  make s imple,  basket-weave f a b r i c s  from 

both GDD941 4.4s and ECD 900 1/2 1.0 Z ,  a f i b e r g l a s s  ya rn  s imi la r  t o  t h e  ya rn  

used t o  weave Hess, Goldsmith S t y l e  18539. After t h e s e  f a b r i c s  w e r e  loomed 

and s u i t a b l y  sized, t h e i r  t e n s i l e  s t r e n g t h  and f l e x u r a l  r i g i d i t y w r e  measured. 

To evaluate t h i s  yarn it w a s  

Data p resen ted  i n  Tables  I and I1 compare f a b r i c s  made of f i b e r g l a s s  ya rn  

and of cambination yarn.  The weight i n c r e a s e  wi th  an  a l coho l  s i z e  w a s  no t  as 

high as w a s  intended. However, t h i s  w i l l  s e r v e  as a g u i d e l i n e  i n  comparing t h e  

t w o  iiiateria? 3. 

I n  a comparison of t h e  s i z e d  f a b r i c s  t h e  average t e n s i l e  s t r e n g t h  of t h e  

combination f a b r i c  w a s  66 p e r  cen t  of t h e  t e n s i l e  s t r e n g t h  of a f i b e r g l a s s  

mesh. The r i g i d i t y  of t h e  combination f a b r i c  w a s  approximately 52 p e r  c e n t  

of t h a t  of t h e  f i b e r g l a s s  mesh. 

There appears  t o  be no reason t o  c a r r y  t h i s  i n v e s t i g a t i o n  f u r t h e r  as t h e r e  

appears t o  be no advantage t o  a combination of 'Dacron and f i b e r g l a s s .  

G.  T. S c h j e l d a h l  Co. Q u a r t e r l y  Report -3- 



Table I 

R i g i d i t y  

Material Desc r ip t ion  

Glass 

Glass - A29 

Glass PVOH 

Glass A29, PVOH 

Dacron/glass 

Dacron/glass A29 

Dacron/glass PVOH 

Dacron/glass A29, PVOH- 

1 oo - 
354.0 

460.3 

l i O l . 8  

462.9 

180.4 

298.4 

. 175.2 

199.0 

20° - 
309.2 

414.3 

426.8 

493.9 

176.7 

276.8 

226.7 

203.2 

R i g i d i t y  (mg-cm) 

41. So 

336.1 

460.26 

399* 1 

429.7 

145.0 

258.8 

197.3 

236.9 

T. . S c h j e l d a h l  Co. Q u a r t e r l y  Report  

Aver age 

333.1 

444.9 

409.2 

462.2 

167.3 

278.0 

199.8 

213.0 
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Table I1 

Tensile Strength 

Materia 1 

Glass 

Glass 

Glass 

Glass 

Dacron/glas s 

Dac ron/g 1 as s 

Dacron/glass 

Dacron/glass 

Starch 

X 

X 

x 

X 

X 

X 

X 

X 

- A2 9 - PVOH Tens il e 

11.5 

X 15.9 

X 

X 

X 

15.2 

16.6 

7.9 

11.0 

X 8.8 

X 11.4 

Elongation 

4.1 

4.1 

4.7 

4.3 

4.3 

5.8 

5.0 

4.83 

, 

G. T. Schjeldahl Co. Quarterly Repor t  -5 - 
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3.3 EVALUATION O F  SIZING AGENTS - 
3.2.1 Eva lua t ion  of Commercially Ava i I ab le  S i z i n g s  

Samples of H e s s ,  Goldsmith S t y l e  No.  451 w e r e  r ece ived  du r ing  June. 

- 

S t y l e  451 is a 36 by 18 1 p ick  l eno  weave. The machine d i r e c t i o n  t h r e a d s  are 

B 150 1/0 and t h e  t r a n s v e r s e  th reads  a r e  B 150 1/2. The d e s i g n  weight i s  

2.98 oz/yd2. H e s s ,  Goldsmith's  l a b o r a t o r y  has  a p p l i e d  t h r e e  t y p e s  of s i z i n g s  

t o  t h i s  f a b r i c .  

451-A has  a po lyv iny l  c h l o r i d e  s i z e  

451-B has  a neoprene s i z e  

451-C  has  an  a c r y l i c  s i z e  

Table  I11 shows t e n s i l e  s t r e n g t h  and e l o n g a t i o n  f o r  each material 

i n  t h e  machine d i r e c t i o n .  A s  can be seen from t h e s e  d a t a ,  t h e  t y p e  of s i z i n g  

has  no marked e f f e c t  on t h e s e  p r o p e r t i e s .  The i n i t i a l  samples w e r e  a l l  s i z e d  

a t  t h e  weaver, bu t  t o  de t e rmine  t h e  s u i t a b i l i t y  of any of t h e s e  s i z e s  t h e s e  

same tests nad t o  b e  run on unsized fabric. A sample of Hess, Goldsiiilth 

No. 451 w a s  r ece ived  i n  t h e  l a t t e r  p a r t  of August. The r e s u l t s  of t h e  tests 

on r i g i d i t y  are included i n  Table I V .  The weight of t h e  f a b r i c s  is  a l s o  s h o m  

i n  t h i s  t a b l e .  The average weight i nc rease  of t h e  t h r e e  s i z e s  w a s  8 p e r  c e n t .  

The r i g i d i t y  w a s  measured, and t h e s e  results are p resen ted  i n  Table I V .  Hess, 

Goldsmith S t y l e  451-A is t h e  most r i g i d .  

An experiment was designed t o  e v a l u a t e  t h e  f e a s i b i l i t y  of p l a t i n g  

d i r e c t l y  on t h e s e  s i z i n g s .  To determine t h i s ,  samples w e r e  soaked twenty minutes 

i n  water, and t h e  r i g i d i t y  and t e n s i l e  s t r e n g t h  i n  t h e  machine d i r e c t i o n  w e r e  meas- 

ured,  Table  Q shows t h e  r i g i d i t y  of No. 451-A, No. 451-B, and No.  451-C as r ece ived ,  

a f te r  a 20-minute soak, and a f t e r  drying.  No. 451-A w a s  a f f e c t e d  least  wi th  a 

60.7 p e r  c e n t  dec rease  i n  r i g i d i t y ,  whereas t h e  r i g i d i t y  of N o .  451-B and N o .  

451-C dec reased  91.2 p e r  cen t  and 74.4 pe r  c e n t  r e s p e c t i v e l y .  A f t e r  drying t h e  

G. T. S c h j e l d a h l  Co. Q u a r t e r l y  Report -6- 
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Table V 

Water S e n s i t i v i t y  of S i z e  as Supplied by Hess, Goldsmith 

F i g u r e s  i n  Table are R i g i d i t i e s  (mg-cm) 

45 1 -A 451-B 45 1-C 

As Received 

1 oo 6,570 

20° 6,350 

41. So 5,400 

1 , 930 

1,670 

2,630 

2,310 

2,210 

Average 6 , 107 2,017 2,383 

Soaked i n  Water 20 Minutes 
~ __ ~~ ~~ 

loo 2,460 202 750 

20° 2,480 15 6 540 

540 

Average 2,400 178 610 

-8 --. 4i. 5" 2,260 I// 

Dried 

1 oo 10,500 5,230 4,080 

20° 8,900 4 , 000 2,780 

41 .So 6,300 3,920 2,380 

Average 8,567 4,383 3,080 

G. T. S c h j e l d a h l  Co. Quar te r ly  Report - 9- 
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soaked samples, t h e  r i g i d i t y  of a l l  t h r e e  inc reased  t o  a level h i g h e r  t h a n  t h e  

r i g i d i t y  be fo re  soaking. 

t h e  f i b e r g l a s s  during t h e  soaking when t h e  r e s i n s  became so f t ened  by t h e  w a t e r .  

This  is probably due t o  a more complete s i z i n g  of 

Another p rope r ty  t h a t  w a s  considered important  i n  t h e  e v a l u a t i o n  

of t h e  water s e n s i t i v i t y  was t h e  t e n s i l e  s t r e n g t h  of a sample c u t  on a 45- 

deg ree  ang le .  

of a s i z i n g  agen t  as s t r e n g t h  of yarn i n t e r s e c t i o n s  i s  be ing  t e s t e d .  The 

r e s u l t s  are l i s t e d  below. S t y l e s  No. 451-A and No. 451-C inc reased  i n  s t r e n g t h  

a f t e r  a 20-minute soak, wh i l e  t h e  t ens i l e  s t r e n g t h  of N o .  451-B decreased a f t e r  

t h e  soak. 

Measurement i n  t h i s  d i r e c t i o n  should d e f i n e  t h e  water r e s i s t a n c e  

T e n s i l e  S t r eng th  of Samples Cut 45 Degrees t o  Machine D i r e c t i o n  -- ----_ - 
(F igu res  are Pounds p e r  Inch of Width) 

45 1 -A 451-B 451-C 

7 it 
-7 

-1 0 
& A  9Q JU 

After 20-min. soak 49 20 34 

A s  a r e s u l t  of t h i s  experiment,  it appears  t h a t  a polyvinyl-chlor ide-  

s i z e d  f a b r i c  can s u r v i v e  t h e  s t r e s s e s  of copper d e p o s i t i o n .  The p l a t a b i l i t y  . 

of No.  451-A' has  been shown t o  be sui table:  

3.2.2 Evaluat ion - of Laboratory Prepared S i z i n g  

A s  one of t h e  requirements of t h e  c o n t r a c t  i s  t o  develop a material 

w i t h  h i g h  r i g i d i t y ,  it has been found t h a t  proper  cho ice  of a s i z i n g  agen t  

can improve t h e  s t i f f n e s s  of a f a b r i c .  

i n v e s t i g a t e d  are l i s t e d  i n  Table V I .  I n  most cases, two c o n c e n t r a t i o n s  of 

s i z e  s o l i d s  were used. The base g l a s s  f a b r i c  used i n  t h i s  s t u d y  w a s  Hess., 

Goldsmith S t y l e  18601. 

s t r e n g t h  of t h e  l a b o r a t o r y  samples. The s i z i n g  agen t s  i n  t h i s  experiment t h a t  

A s tudy of t e n  s i z e s  w a s  made. Those 

Table V I 1  shows t h e  f l e x u r a l  r i g i d i t y  and t e n s i l e  

G. T. Sch je ldah l  Do. Q u a r t e r l y  Report -10- 



\ 
i nc reased  t h e  r i g i d i t y  t h e  most  w e r e  animal g lue ,  po lyvinyl  a l coho l ,  GT 201, 

and S i l a n e  A1100. The h i g h e s t  t e n s i l e  s t r e n g t h  w a s  recorded i n  t h e  S i l a n e  

A l l O O  and GT 201 s i z e d  samples.  

cen tage  w a s  n e a r l y  t h e  same r e g a r d l e s s  of t h e  type  s i z e  used. 

s o l u t i o n  increased  t h e  weight approximately 3 per  cent w h i l e  t h e  i n c r e a s e  

w i t h  a 10  p e r  c e n t  s o l u t i o n  w a s  6 per  c e n t .  

The ga in  i n  weight wi th  a g iven  solids per-  

A f i v e  p e r  c e n t  

The sample s i z e d  wi th  S i l a n e  A l l O O  showed a markedly h ighe r  

t e n s i l e  s t r e n g t h .  

G- T. S c h j e l d a h l  Co. Q u a r t e r l y  Report  -11- 
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Trade N a m e  

1. 

2. 

3.  

4. 

5 .  

6 .  

7.  

8. 

9. 

10. 

T S l O O  

HA1 6 

AS E6 0 

S i l a n e  All00 

S e l e c t u s  

Hercules  

*GT 201 

52-40 

Table V I  

Materials Used i n  S iz ing  Study 

Descr ip t ion  

Polyvinyl  a c e t a t e  copolymer emulsion 

Acry l i c  copolymer emulsion 

Carboxyl ic  terminated a c r y l i c  polymer 

y-Glycidoxypropyltrimethoxysilane 

Edib le  g e l a t i n  

S t a r c h  

Dextr in  

Animal glue 

P r o p r i e t a r y  thermose t t ing  r e s i n  

Polyvinyl  a l coho l  

G. T. S c h j e l d a h l  CO. Q u a r t e r l y  Report 

S u p p l i e r  

Rhom & Haas 

( 1  

11 

Union Carbide 

Swi f t  & Co. 

Corn Products  

Corn Products  

Swi f t  & Co. 

G . T . S .  Co. 

E . I .  du Pont 
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L Table VI1 

Lab. No. S i z e  Weight Rig id  it y T e n s i l e  S t r e n g t h  
(mg/cm2) (mg-cm) ( l b / i n )  

18601 

301-14-1 

301-14-2 

14-3 

14-4 

15-1 

15-2 

15-3 

15-4 

15-5 

15-6 

15-7 

15.8 

16-1 

16-2 

16-3 

16-4 

16-5 

16-6 

G l u e  

G l u e  

G e l a t i n  

Gelatlr? 

TS 1 00 

TSlOO 

PVOH 

PVOH 

HA1 6 

HA1 6 

Dext r in  

Dextr in  

GT 201 

S t a r c h  

S t a r c h  

ASE60 

ASE60 

GT 2c)? 

1.82 

1.93 

1.83 

1.89 

1-84  

1.91 

1.83 

1.90 

1.84 

1 . 8 7  

1 . 7 7  

1.89 

1.86 

2.24 

1.88 

1.78 

1.84 

1.78 
- 

9 9 7  
L . d J  

G. T. S c h j e l d a h l  Go. Quarterly Report 

135.5 

1169.3 

848.2 

818.7 

939.9 

734.4 

476.3 

1121.3 

999.2 

515.9 

419. 

965.2 

706.3 

1109.1 

894.2 

773.4 

710.3 

699.37 

1 1 3 7  c 
+ I J I  .u 

27.8 

24.3 

19.8 

20.0 

28.8 

19.5 

28.8 

26.3 

18.7 

18.6 

26.8 

22 .1  

38.8 

27.5 

24.3 

24.0 

22,9 

3r;. 6 
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, 3.3 SEAM STUDY I .  -- 
I Using aluminum-coated material, several. seam des igns  w e r e  eva lua ted .  

This material w a s  used because t h e  conductive c o a t i n g  of aluminum i s  exposed 

and n o t  masked i n  any way. The fo l lowing  d e s i g n s  w e r e  eva lua ted .  

I Design A Standard ove r l app ing  b i t a p e  seal 

1 
Design B 

Design C 

3/8-in ove r l ap  w i t h  1/8-in wide s t r i p  of 0.9-mil 
aluminum i n  a b i t a p e  seal 

3/8-in overlap w i t h  1/8-in wide s t r i p  of 1/2-02 copper 
f o i l  i n  b i t a p e  seal 

I 
Design D 3/8-in overlap w i t h  a b i t a p e  seal  us ing  a conduct ive 

t a p e  ( l a b  book sample number 105-88-1) 

I 
I Table VI11 shows t h i s  as t h e  p re l imina ry  work. The des igns  are compared 

t o  cont inuous material w i t h  r e s p e c t  t o  r e s i s t i v i t y  and t e n s i l e  s t r e n g t h .  

Sample 5 w a s  an overlapped b i t a p e  sea l  us ing  material processed i n  May. 

No r e s i s t i v i t y  measurement could be m d e  on t h i s  seal because saiiip.le 105-113-1 

has a s h e a t h  c o a t i n g  of RTV s i l i c o n e  rubber .  

To de t e rmine  t h e  r e p r o d u c i b i l i t y  of t h e s e  seals, f i v e  samples of des igns  

i 
I 

A, B, and D w e r e  made. Design C w a s  n o t  run  because of i t s  s i m i l a r i t y  t o  €3. 

t 
~ 

The material  used w a s  sample 105-119-2. 

I Table IX l i s t s  t h e s e  r e su l t s .  The f i g u r e s  given are for t h e  r e s i s t a n c e  

I of a 6-in sample d iv ided  by t h e  l e n g t h  of t h e  sample. This  r e s i s t i v i t y  i s  

false as t h e  samples are n o t  homogeneous, b u t  s i n c e  t h e  same material w a s  

used i n  each seal a d i r e c t  comparison can be made. 

G. T. S c h j e l d a h l  Co. Q u a r t e r l y  Report - 14- 



Table VI11 

Material Tensile Strength 
Sample Seal Configuration Resistivity lb/in Width 

1 

2 

3 

4 

5 

6 

7 

8 

9 

- 10 

105-1 19- 1 

105-1 19- 1 

105-1 19-1 

105-1 19-1 

105-1 13- 1 

105-1 19-1 

105-119-2 

105- 11 9-2 

105-119-2 

105 -1 19-2 

continuous 

A 

B 

C 

A 

D 

con t i nu ou s 

D 

A 

B 

16.7 

75.0 

38.3 

71.7 

--- 
48.2 

4.7 

18.3 

8.0 

8.3 

40 

18 

13.6 

15.0 

0.8 

10.0 

32.0 

16.8 

18.8 

12.7 

G. T. Schjeldahl CO. Quarterly Report -15- 



Table IX 

Seam Study of Sample 105-119-2 

Design A Design B 

10.8 18.0 

8.8 16.0 

12.0 27.5 

Design D 

46.8 

30.0 

38.3 

13.3 21.7 32.5 

25.0 - 
Average 13.98 

9.7 

18.58 

- 25.8 

34.68 

- 

The f i g u r e s  i n d i c a t e  t h a t  a s i m p l e  overlapping seam provides  the  

lowest  r e s i s t a n c e  and t h e r e f o r e  t h e  best e lec t r ica l  c o n t a c t .  

G. T. Sch je ldah l  Co. Quarter ly  Report -16- 



3. P FLEXING RESISTANCE TESTING 

A s  t h i s  material w i l l  be used i n  l a r g e  space s t r u c t u r e s  t h a t  w i l l  need I 
to be fo lded  and packed i n  a c a n i s t e r ,  it i s  necessa ry  t o  determine t h e  

f o l d  r e s i s t a n c e  of t h e  material. Fold r e s i s t a n c e  has  no d i s c r e t e  u n i t s  and 

t h e r e  are s e v e r a l  methods of e v a l u a t i n g  it. 

One of t h e s e  i s  t h e  bend r a d i u s  t e n s i l e  s t r e n g t h  p r e s e n t l y  used t o  e v a l u a t e  

t h i s  material. Th i s  test determines t h e  s t r e n g t h  of a material as it i s  f o l d e d  

on 1/128-inch r a d i u s  bend. This  i s  descr ibed i n  more d e t a i l  i n  GTS Company Q132. 

Another i s  t h e  fo lded  r i g i d i t y  t e s t  (See. 9 of Q132) which a t t empt s  t o  

measure t h e  s t i f f n e s s  remaining a f t e r  t h e  material has been c reased  180 degrees  

wh i l e  under a s t a t i c  load.  

The above methods have been used and d a t a  gene ra t ed  from t h e s e  tes ts  have 

I 

I 
I 

been p resen ted  i n  p a s t  r e p o r t s .  

?tro tests t h a t  w i l l  be eva lua ted  i n  t h e  n e a r  f u t u r e  are desc r ibed  i n  

Federal Ype!2l’rcatren CCC-X-IYID. jnesp_ are  P?P,tfiQn_ >LII_I, r,rc.ase _K_es1sT_l_ilcp_ 

of Cloth,  Cold P res s  Method, and Method 5212, Crease R e s i s t a n c e  of Cloth,  

Angle of Recovery Method. Both measure t h e  tendency of a f a b r i c  t o  “set” 

a f t e r  c r e a s i n g .  This i s  an  important v a r i a b l e  as a material would be c reased  

s e v e r e l y  when being packed previous t o  launch. Obviously,  any tendency of a 

material t o  “set“ would p rec lude  i t s  u s e  where c l o s e  t o l e r a n c e s  of f l a t n e s s  or 

s p h e r i c i t y  are requ i r ed .  

During t h i s  l a s t  q u a r t e r  two tests concerned w i t h  c y c l i c  f l e x i n g  were 

used. Both t echn iques  involve t h e  f l e x i n g  of a sample around a known r a d i u s  

bend 180 degrees  and t h e n  f o l d i n g  it back on i t s e l f  around a s imi la r  r a d i u s  bend. 

These tests f l e x  a loaded sample c y c l i c a l l y  u n t i l  f a i l u r e  occurs .  The number of 

c y c l e s - t o - f a i l u r e  i s  recorded as a property of t h e  material. 

NASA has designed and supp l i ed  u s  w i t h  a t e s t i n g  machine which, besides  

G.  T. S c h j e l d a h l  GI. Quar t e r ly  Report -17-  



f l e k i n g  t h e  sample, has  p rov i s ion  f o r  a mzasurement of r e s i s t i v i t y .  

r e s u l t s  of t h i s  t e s t i n g  are descr ibed  i n  3.4.1. 

The 

The paper i n d u s t r y  u s e s  t h e  Schopper T e s t e r  as a s tandard  means of 

determining t h e  f o l d  r e s i s t a n c e  of paper. The d i s c u s s i o n  of th i s  work i s  i n  

s e c t i o n  3.4.2. 

3.4-1 Mesh F l e x  T e s t e r  -- 
Samples of 105-113-1 material w i t h  no s i l i c o n e  rubber  s h e a t h  c o a t i n g  

were t e s t e d .  F igu re  1 compares t h e  inc rease  i n  sample r e s i s t a n c e  w i t h  t h e  

number of t i m e s  fo lded .  

F igure  2 covers  on ly  t h e  f i r s t  350 cyc les  showing more c l e a r l y  t h e  i n i t i a l  

i n c r e a s e  i n  r e s i s t a n c e .  It  is  ev iden t ,  from Figure  1, t h e  r e s i s t a n c e  i n c r e a s e s  

s h a r p l y  i n  the machine d i r e c t i o n  between 200 and 300 cyc le s ,  and i n  t h e  t r ans -  

Each c y c l e  on t h e  machine i s  a 180 degree fo ld .  

verse d i r e c t i o n  between 300 and 400 cycles .  T h i s  i s  t h e  p o i n t  a t  which t h e r e  

is a r a p i d  d e t e r i o r a t i o n  of t h e  p l a t ed  copper.  A f t e r  t h i s  p o i n t ,  t h e  r e s i s t a n c e  

i n  t h e  machine d i r e c t i o n  i n c r e a s e s  more s lowly wh i l e  t h e  r e s i s t a n c e  i n  t h e  

t r a n s v e r s e  d i r e c t i o n  cont inues  t o  inc rease  r a p i d l y .  A l l  samples w e r e  t e s t e d  

to f a i l u r e  except  105-113-2TD where f l e x i n g  w a s  t e rmina ted  a f t e r  576,000 c y c l e s  

(Table  XI. Figure  3 shows an  en larged  view of t h e  f i b e r  bundles  a f t e r  f a i l u r e .  

G. T.  S c h j e l d a h l  CO. Quar te r ly  Report -18- 
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Table X 

105-113-1 Material - Cycles to Failure 

Sample Number Cycles to Failure ammen t s 

105- 11 3- 1-1MD 
105 - 11 3- 1 -2MD 

8 , 000 
988 

First sample tested 5 threads 
broke and sample pulled out of 
the top specimen holder. The 
holder was modified prior to the 
next test. 

Remained conductive up to 
8600 cycles 

105 - 1 13 - 1 - 3MD 56,618 

105-113-1-4ND 

105-1 13-1 -5MD 

105 - 113- 1 - 1 TD 

105-113-1 -2TD 

1,403 Sample had been damaged prior 
to testing causing the pre- 
mature failure 

71,439 Remained conductivg up to 
70013 cycles 

517 Sample had been damaged prior 
to testing causing the pre- 
mature failure 

>576,000 Remained conductive up to 
234,000 cycles 

G. T. Schjeldahl Co.. Quarterly Rzport -19- 
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3.4.2 Schopper T e s t e r  (ASTM 643-63T) 

Samples of 105-113-1 material, having no s i l i c o n e . r u b b e r  shea th  

c o a t i n g ,  w e r e  t e s t e d  on a Schopper-type f o l d i n g  appa ra tus  by ASTM method 

D 643-63T. Table  X I  c o n t a i n s  these da ta .  More samples w i l l  be t e s t e d  t o  

evaluate t h i s  method of t e s t i n g  s e l f - e r e c t i n g  m a t e r i a l .  

3 .S MATHEMATICAL TREATMENT RELATING MEASURABLE PROPERTIES 
TO ULTIMATE USES OF T H I ~ B A L  - ----- 
3.5.1 Comparison of Theore t i ca l  S t i f f n e s s  t o  Experimental  S t i f f n e s s  - -- - - 

The t h e o r e t i c a l  moment of i n e r t i a ,  I, w a s  c a l c u l a t e d  f o r  f a b r i c  

u s ing  t h e  fo l lowing  formula - 

where b i s  dimension i n  d i r e c t i o n  of  axis  

and d i s  dimension perpendicular  t o  a x i s  

.. P c :. - _ _ _  -.- .m_ -_ - . . .  
1 1 1 1 3  U I U d L l L L L Y  w a 3  ca;cu:a;cr; z,, I-I'L Gc. La"& J_c uurupr -u .  * ' L b  

7 
modulus of e l a s t i c i t y  of g l a s s  i s  r epor t ed  t o  be 10 p s i .  From t h e  r e l a t i o n -  

s h i p  

G = EI. 

where G is  the f l e x u r a l  s t i f f n e s s ,  a t h e o r e t i c a l  s t i f f n e s s  w a s  ca l -  

c u l a t e d .  

as determined by Q132. 

This  value, t h e o r e t i c a l  G,  is compared t o  t h e  experimental  r i g i d i t y  

Sample No .  Theore t i ca l  G Actual  - G G Theoret ical /G Experimental 

216-86-2 7.84 lo3 250 31.3 

38.7 3 3.2 x 10 4 105-94-3 12.3 x 10 

105-113-1 2.67 x 10 1 o3 26.7 
4 

It  should be  noted he re  t h a t  t h e  above c a l c u l a t i o n s  are f o r  a f l a t  

p l a t e  w i t h  a r e c t a n g u l a r  c r o s s  sec t ion .  It w a s  a l s o  assumed t h a t  t h e  e n t i r e  

G. T. Sch je ldah l  Co. Quar t e r ly  Report -23- 



Direc t ion  

Machine Di rec t ion  

Table X I  

105-113-1- Material 

Schopper Folding Endurance T e s t  -- 

Sample Cycles t o  Sample Cycles t o  
F a i l u r e  Fa i 1 u r  e 

1 12 6 6 

2 17 7 7 

3 17 8 3 

4 22 9 13 

5 30 10 6 

Average Cycles t o  F a i l u r e  - 13.2 

Transverse Direct  ion 1 

2 

3 

4 

9 6 

10 7 

23 8 

9 9 

5 10 10 

Average Cycles t o  F a i l u r e  - 11.6 

G. T. Sch je ldah l  Co. Q u a r t e r l y  Report 
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composite has  a modulus of e l a s t i c i t y  equal  t o  t h a t  of E g l a s s .  The a c t u a l  

material t e s t e d  is  a scrim f a b r i c  with t h r e a d s  spaced on 0.1 inch  c e n t e r s .  

By c o r r e c t i n g  f o r  t h i s  f ac t ,  t h e  t h e o r e t i c a l  r i g i d i t y  might be less by a f a c t o r  

of 20. 

ical  r i g i d i t y  f o r  a f l a t  g lass  p l a t e  as a s t anda rd  should be s u f f i c i e n t .  

However, f o r ' t h i s  comparison and f u t u r e  comparisons us ing  t h e  t h e o r e t -  

3.5.2 Mathematical Der iva t ion  of t h e  R e l a t i o n s h i p  Between F l e x u r a l  - -- - 
R i g i d i t y  and Cylinder  Radius - 
To determine t h e  s i z e  o b j e c t  t h a t  can be b u i l t  from s e l f - e r e c t i n g  

material a computer program was wr i t t en .  

equa t ion  f o r  t h e  bending of a f l a t  beam. 

w a s  found t h a t  t h e  l a r g e s t  diameter  c y l i n d e r  p o s s i b l e  made wi th  s e l f - e r e c t i n g  

material w i t h  r i g i d i t y  of 1,000 mg-cm i s  i s  1 7 8  f t .  A t en - fo ld  i n c r e a s e  i n  

This program w a s  de r ived  from t h e  

When t h i s  equa t ion  w a s  so lved ,  it 

r i g i d i t y  i n e r e a s e s  t h i s  diameter  t o  380 f t .  

F u r t h e r  work i s  planned t h a t  w i l l  extend t h i s  d e r i v a t i o n  t o  t h e  

case of a sphere.  This  would i n v e s t i g a t e  t h e  i n t e r a c t i o n  of a number of 

c y l i n d r i c a l  bands t h a t  would be f a b r i c a t e d  i n t o  a sphere.  

Appendix A c o n t a i n s  t h i s  d e r i v a t i o n  i n  d e t a i l .  The computer pro- 

gram is included a l s o .  

3.6 PRODUmION RUNS - - 
P a s t  e f f o r t s  have shown t h a t  a s i z i n g  app l i ed  t o  t h e  f i b e r g l a s s  f a b r i c  

w i l l  markedly i n c r e a s e  t h e - r i g i d i t y .  

a l c o h o l .  To thoroughly examine t h e  p r o p e r t i e s  of a polyvinyl  a l coho l  c o a t i n g ,  it 

The most e f f i c i e n t  s i z e  found i s  po lyv iny l  

had to  be a p p l i e d  t o  a f i b e r g l a s s  mesh. H e s s ,  Goldsmith S t y l e  No. I8601 w a s  

used i n  t h i s  o p e r a t i o n ,  as t h i s  was the base f a b r i c  f o r  material processed i n  

May. The process  used w a s  as follows: 

1. A c o a t i n g  of po lyv iny l  a lcohol  w a s  a p p l i e d  i n  cont inuous p l a t i n g  

equipment. 

G. T. S c h j e l d a h l  CO. Q u a r t e r l y  Report -25- 
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2 .  Using vacuum chambers he ld  a t  G. T. Sch je ldah l  under NAS5-3515 

f a c i l i t i e s  c o n t r a c t ,  a conduct ive  aluminum c o a t i n g  w a s  appl ied .  

The process  used on t h e s e  runs  was q u i t e  d i f f e r e n t  from t h e  normal se- 

quence which i s  as fo l lows:  

1. A h e a t  t rea tment  c o n s i s t i n g  of p l ac ing  a l e n g t h  of f a b r i c  on an 

aluminum c o r e  i n  a 500 F oven for 60 minutes.  

equipment . 
3.  This  coa t ing  is allowed t o  cure  f o r  48 hours a t  100 t- 5 F and 95 2 

5 p e r  c e n t  R.H. 

4. The coa ted  f a b r i c  is then  copper p l a t e d  e l e c t r o l e s s l y  i n  S e c t i o n  A .  

5. Two c o a t s  of RTV s i l i c o n e  rubber are a p p l i e d  b t h e  copper p l a t e ;  

one immediately a f t e r  p l a t ing , and  t h e  second a f t e r  a 24-hour c u r e  a t  ambient 

cond i t ions .  

3.6.1 Vapor Deposited Aluminum Coat ing --- - 
For t h e  run  i n  J u n e ,  polyvinyl  a l coho l  was chosen as t h e  s i z i n g  

agent .  It w a s  f e l t  t h a t  f o r  t h i s  i n t i a l e w o r k  a small q u a n t i t y  of t h i s  s o l u t i o n  

could be obta ined  from any one of s e v e r a l  s u p p l i e r s .  Swi f t  and Company formula .  

N o .  2534 w a s  used f o r  t h i s  purpose.  It was 'd i lu t ed  w i t h  water t o  two s o l i d  
- 

concen t r a t ions  f o r . a p p l i c a t i o n  t o  f a b r i c  s t y l e  18601. Using S e c t i o n ' B  of t h e  

cont inuous  p l a t e r ,  a 6 pe r  c e n t  s o l u t i o n  of po lyvinyl  a l coho l  w a s  a p p l i e d  t o  

40 f e e t .  Using a web speed of 6 in/min produced a r e s i d e n c e  t i m e  i n  t h e  drying.  

t unne l  of 20  min. Th i s  material w a s  ass igned t h e  l a b o r a t o r y  sample number 

105-119-1. The c o a t i n g  w a s  completely d r y  upon emerging from t h e  tunne l .  The 

6 p e r  c e n t  s o l u t i o n  w a s  then  rep laced  w i t h  a 10 pe r  c e n t  s o l u t i o n  and 15 f e e t  

more w a s  coa ted .  The material s i z e d  wi th  10 p e r  c e n t  s o l u t i o n  w i l l  be r e f e r r e d  

t o  as sample 105-119-2. Table  X I 1  l ists  weights  and r i g i d i t i e s  of each material. 
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\ "he fac t  t h a t  sample 105-119-1 is more r i g i d  t h a n  sample 105-119-2 

cannot be explained a t  t h i s  t i m e  and f u r t h e r  i n v e s t i g a t i o n  w i l l  be made. These 

samples w e r e  t e s t e d  on d i f f e r e n t  days. The s i z e  i s  extremely water s e n s i t i v e ,  

and va ry ing  humidity cond i t ions  undoubtedly would a f f e c t  t h e  r i g i d i t y .  The 

h ighe r  v i s c o s i t y  of t h e  10 p e r  cen t  s o l u t i o n  could have prevented p rope r  coa t -  

i n g  of t h e  f i b e r  bundles.  

Approximately 11 f e e t  of each of t h e  materials coated above w a s  

placed i n  a vacuum chamber. 

t h i c k  w a s  d e p o s i t e d  on t h e  surface. 

be "shot" a t  a t i m e ;  t h u s ,  a t o t a l  of f o u r  s h o t s  were made. Table XI11 shows 

A l a y e r  of aluminum approximately 10 microinches 

Only one s u r f a c e  of one material could 

t h e  r i g i d i t y ,  weight p e r  u n i t  area and t e n s i l e  s t r e n g t h .  

Table XI1 

S i z i n g  s o l u t i o n  s o l i d s  pe r  cen t  
by weight 

W e  i g h t 

R i g i d i t y  mg-cm 10 a n g l e  

20° a n g l e  

41.5' a n g l e  

mg/cm2 

0 

Average r i g i d i t y  mg-cm 

105- 11 9-1 105- 11 9- 2 

6 10 

1.99 1.93 

i980 1290 

15 80 1115 

1250 84 8 

1603 1084 

G. T. S c h j e l d a h l  Go. Q u a r t e r l y  Report -27- 



Base Material 

Table XI11 

Weight mg/cm2 

R i g i d i t y  (mg-cm) 

Folded R i g i d i t y  (41.5O) 

T e n s i l e  S t r e n g t h  MD 
( l b s / i n )  

TD 

45O 

Bend Radius MD 
T e n s i l e  S t r e n g t h  

( l b s / i n )  
TD 

45O 

Sample 105-119-1 Sample 105-119-2 

1.9 

601.6 

44.0 

39.5 

32.0 

0.6 

13.5 

0.6 

0.7 

2.0 

497.8 

43.3 

32.0 

12.0 

0.4 

13.3 

2.7 

:35 _, 
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3.6.2 Descr ip t ion  of Numbering System \ - 

A new numbering system has been developed for  any materials pro- 

duced i n  t h i s  s tudy  con t r ac t .  Each material produced under t h i s  c o n t r a c t  w i l l  

be consecu t ive ly  numbered. The process ing  of t h i s  material involves  f i v e  

ope ra t ions :  f a b r i c  procurement, p re t rea tment ,  b inding ,  m e t a l  d e p o s i t i o n ,  and 

shea th  coa t ing .  These process  s t e p s  are so numbered t h a t  i f  t h e  p r o p e r t i e s  

of t h e  material are d e s i r e d ,  t hey  c a n  be recorded p rope r ly  as t o  run  number 

and p rocess  s t e p .  The process  s t e p s  are de f ined  below. 

-1. F a b r i c  Procurement - T h i s  i s  simply an i d e n t i f i c a t i o n  of the base 

f a b r i c  e.g. Hess, Goldsmith I8601 

-2. Pre t rea tment  - Any s i z i n g  ope ra t ion  would be considered a pre-  

t rea tment .  Any o t h e r  p rocess  t h a t  a f a b r i c  i s  

subjec ted  t o ,  such as h e a t  t r e a t i n g ,  would a l s o  

be descr ibed i n  t h i s  subheading. 

't 'nis ----I ~ r s c e c c  1% ap.aLqpids t= srzrpLg p r ~ c e s s  

descr ibed  above; however, f o r  our  purposes  it 

i s  advantageous t o  s p l i t  it o f f  as s e p a r a t e  i t e m .  

This  w i l l  a l low u s  t o  cons ide r  materials whose 

primary purpose is t o  t i e  or . .  bind t h e  th reads  

toge the r  t o  i n c r e a s e  t h e  i n t e g r i t y  of t he  f a b r i c .  

-4: Metal Depos i t ion  - This ,  as t h e  t i t l e  impl i e s ,  i s  t h e  subheading t h a t  

- 5 .  Sheath Coating - 

w - i l l  c o n t a i n  t h e  d e s c r i p t i o n  of t h e  process  t h a t  

w a s  used t o  d e p o s i t  a metal l ic  coa t ing  on t h e  

s e l f - e r e c t i n g  material. 

This  process  s t e p  p r o t e c t s  t h e  metal d e p o s i t  

and as it i s  t h e  f i n a l  c o a t i n g  on t h e  material ,  

. 

it becomes a major f a c t o r  i n  t h e  u l t i m a t e  s u r f a c e  

p r o p e r t i e s  . 

G. T. S c h j e l d a h l  Co. Q u a r t e r l y  Report -2 9- 
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The i n c o r p o r a t i o n  of t h i s  numbering system i n  t h i s  c o n t r a c t  w a s  

done f o r  t h e  material processed i n  August. A r b i t r a r i l y ,  t h e  f i r s t  run  w a s  

numbered 132. Sample d a t a  s h e e t s  are  included.  

3.6.3 D e s c r i p t i o n  of Runs 132, 133 and 134 --- --- 
3.6.3.1 Run 132 -- - 

This  w a s  t h e  f i r s t  run  i d e n t i f i e d  wi th  t h e  new numbering 

system. The base f a b r i c  w a s  H e s s ,  Goldsmith s t y l e  18601. The p re t r ea tmen t  

s t e p  c o n s i s t e d  of t h e  a p p l i c a t i o n  o f  an aqueous s o l u t i o n  of S i l a n e  A-1100. 

Data had shown t h a t  s i z i n g  w i t h  t h i s  material markedly inc reased  t h e  t e n s i l e  

s t r e n g t h  and t h e  r i g i d i t y .  The weight i n c r e a s e  of t h e  d i p  c o a t i n g  w a s  v e r y  

s m a l l  as t h e  w e i g h t ' a f t e r  t h i s  s t e p  was 1 .82  mg/cm2 o r v i r t u a l l y  t h e  same as 

t h e  f a b r i c  weight as rece ived  from t h e  weaver. Approximately 66 f e e t  were 

coated i n  t h i s  manner. 

Tho motorial V J D C  t h o n  hnrrnd w i t h  B ET 3n1 nngting 

weight i n c r e a s e  w a s  approximately 0.18 mg/cm2 making a t o t a l  weight a t  t h i s  

p o i n t  of 2.0 mg/cm2. The r i g i d i t y  i n  t h e  machine d i r e c t i o n  w a s  1052 mg-cm 

( p e r  ASTM D 1388). The t e n s i l e  s t r e n g t h  a t  t h i s  po in t  w a s  40.1 lb / in .  The 

m e t a l  d e p o s i t i o n  w a s  done by t h e  e l e c t r o l e s s  c o p p e r . p l a t i n g  p rocess  desc r ibed  

i n  t h e  p a s t .  

No shea th  coa t ing  was app l i ed  t o  t h e  material i n  t h i s  

run  as it i s  intendad for u s e  i n  t h e  s h e a t h  c o a t i n g  s t u d y  phase of t h e  c o n t r a c t .  

3.6.3.2 Run 133 -- 
This  run  a l s o  used H e s s ,  Goldsmith s t y l e  I8601 as t h e  base  

f a b r i c .  The p re t r ea tmen t  cons i s t ed  of a h e a t  t r ea tmen t  (500 F f o r  30 min.). As 

i n  t h e  p a s t  t h e r e  w a s  a weight loss dur ing  t h i s  process .  For t h i s  p a r t i c u l a r  

r u n  a p roduc t ion  oven w a s  used. 

w a s  processed i n  a s imilar  manner. 

The material processed i n  A p r i l ,  105-113-1, 

Table XIV compares t h e  weight l o s s  and 

G. T. S c h j e l d a h l  Co. Q u a r t e r l y  Report -3 0- 
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a s s o c i a t e d  r i g i d i t y  i n c r e a s e  of t h i s  material and No. 133. 

Table  XIV 

Comparison of Weight and R i g i d i t y  Through Process  - - 

105 - 113-1 Run 133 

W t  Mg/On2 R i g i d i t y  Mg-On W t  Mg/Cm2 R i g i d i t y  Mg-On 

H e a t  Treatment 1.77 297 1.78 57  

Binding 2.03 93 1 2.15 657 

Metal Deposi t ion 2.17 85 0 2.25 646 

The b ind ing  o p e r a t i o n  and m e t a l  d e p o s i t i o n  w a s  done i n  

t h e  same manner as  RE^ 132. Again,as i n  t h e  case of 132 m a t e r i a l ,  no a t t empt  

waq m a d e  t n  annlv t h e  s h o n t h  t-natinu The m a t e r i a l  c r a q  coalod i n  a nifr-naon- - -  - - ” 

f i l l e d  Scotchpak bag. 

3.6.3.3 Run 134 -- 
This material run a g a i n  used H e s s ,  Goldsmith s t y l e  I8601 

f i b e r g l a s s  f a b r i c ,  b u t  t h e r e  w a s  no p re t r ea tmen t  s t e p .  The b inde r  w a s  GT 201 

as i n  t h e  case of 132 and 133. 

run as 132 and 133. 

The copper w a s  depos i t ed  i n  t h e  same p l a t i n g  

G. T. S c h j e l d a h l  Co. Q u a r t e r l y  Report -31- 



105-113-1 

132 

133 

134 

Table XV . 

Comparison - of Tens i le  S t r e n g t h  

MD 
( l b / i n )  

27.6 

26.6 

23.5 

28.9 

TD 45OAngle 
( l b / i n )  ( l b / i n )  

19.8 .68 

25.8 .95 

16.8 .66 

25.4 1.2 

Table XVI 

Flexural R i g i d i t y  of R u n s  132, 133, & 134 --- - -- 
. - 0  . - _. I - .. - m I L d t t b V e L 5 e  -kJ A t l ~ L e  W e L g L t L  macit L t t e  

Direct ion  Direc t ion  Mg-Cm Mg/On2 
Mg-Cm Mg- Ch 

132-4 . 916.4 592.2 . 175.2 2.1 

133-4 646.9 450.4 152.3 2.25 

848.0 595.6 228.9 2.11 134-4 

G. T. S c h j e l d a h l  Co. Q u a r t e r l y  Report -32- 
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3.7 CONTROLLED A’IEOSPHERE CHAMBERS 

To e v a l u a t e  t h e  u s e  of s h e a t h  l a y e r s  on s e l f - e r e c t i n g  material ,  t h e  l a s t  

t h r e e  runs  were n o t  coated b u t  p l aced  i n  bags con ta in ing  a n i t r o g e n  atmosphere. 

Four c o n t r o l l e d  atmosphere chambers were b u i l t .  With t h e s e  chambers i t  w i l l  

be p o s s i b l e  t o  expose t e n ,  one-inch wide samples t o  t h e  s a m e  cond i t ions .  The 

r e s i s t a n c e  of 12-inch long  samples can be p e r i o d i c a l l y  checked w i t h  as l i t t l e  

A. 105-123-1 vapor-deposited aluminum 

B. 105-113-1 copper-plated (no c o a t i n g )  

C, 132-4 desc r ibed  i n  t h i s  r e p o r t  

D.. 133-4 desc r ibed  i n  t h i s  r e p o r t  

E. 134-4 d e s c r i b e d  i n  t h i s  r e p o r t  

The f i r s t  Lest series w i l l  s u b j e c t  t h e  samples t o  f o u r  d i f f e r e n t  atmo- 

enhnrnc  -=-*-- -- - 
Chamber N o .  1 a i r  0 p e r  cen t  relative humidity 

Chamber No.  2 a i r  100 per c e n t  r e l a t i v e  humidity 

Chamber No .  3 100 p e r  cent  oxygen atmosphere.  

Chamber No. 4 100 p e r  cent  n i t r o g e n  atmosphere 

ltro samples each of t h e  above descr ibed materials w i l l  be placed i n : e a c h  

chamber. These w i l l  be exposed t o  t h e s e  c o n d i t i o n s  f o r  30 days or u n t i l  t h e r e  

is a s i g n i f i c a n t  change. 

The samples w i l l  be connected t o  l e a d s  by means of a conduct ive epoxy 

adhes ive ,  E-solder No. 3021. To prevent contaminat ion,  t h e  h o l e s  where t h e  l e a d s  

come o u t  of t h e  chamber w i l l  be  sealed w i t h  a p a r a f f i n  modified w i t h  E 1 Vax 

150, an  e thy lene -v iny l  a c e t a t e  copolymer. 

Once t h e  e f f e c t  of t h e  above cond i t ions  i s  e s t a b l i s h e d  on t h e s e  m a t e r i a l s ,  

t h e  s t u d y  of p r o t e c t i v e  c o a t i n g s  or sheath l a y e r  can begin.  

L G. T. S c h j e l d a h l  Co. Q u a r t e r l y  Report -33- 



Remarks - 

I 

~~- 
I 

Material No. ~ 

Lab No. 

Metal Deposition 

Date Amount Processed ft 

Type Electroless Plating (Use ''Plating Log" Below) 

Vapor DepnsitTnn (Use "Remarks") 

Other (Use "Remarks 'I) 

L Chemic; 

Type of Metal 

Thickness Angstroms 

No. of Shots 

'lating Log:, . -- t r.Lar_ing 
Time f ill 

Machine Speed------. fpm I 

4 

Resistivity 1 Remark: Temp era t ur e 

Cu400A 

(Record Time I 
& Amt.) Deionized Water Tanks 

Cu400B NaOH 

Start . I End 
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Pretreatment & Binder In Process Sheet 

~~ 

Material No. 

Lab. Number 

Pretreatment Amount Processed ft Date 

Fabric 

Description of Pretreatment - 

Remarks - 

Sample Taken 

Binder Date Amount Processed 

Description of Binding Operation (type, solids, machine speed, drying) - 

Remarks - 

Sample Taken 

-35-. 



k 
0 w 

c 

2l 
rl 
U 
a 
rl 
& u 
m 
a 

u 
4 
k 
a 
r=4 

n 
4 

n 

n 

U c: 
0) E 
U 
a a 
$4 
U 
a, 
k 
PI 

n 
h( 

M c 
rl 
a c 
4 
clll 

n 
m 

r: 
0 
4 
U 
.rl 
m 
0 a 
a n 
7 4  
a 
U 

8 
n 
-;f 

a, 
5 

.. n 
u\ v1 

U 

-"o c: 
rl 

k 
a a 
D 
rl 

a 
Fi 
rl 
m 
C 

I3 

E, 
I 

2 
0 
In 

m 
' .  
n w k i  

-3 6- 



4.0 FUTURE PLANS 

I 

t 

Tests will be started in the controlled atmosphere chambers. Means of 

determining conductivity will be investigated. 

The fold resistant tests will be continued. 

G. T. Schjeldahl Co. Quarterly Report 
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APPENDIX A 

TECHNICAL DISCUSSION 

It i s  d e s i r e d  to  know how l a r g e  a s e l f - e r e c t i n g  sphe re  can be b e f o r e  s o l a r  

p r e s s u r e  p reven t s  i t s  proper  deployment. This  q u e s t i o n  w i l l  be  answered o n l y  

i n d i r e c t l y  he re .  I n s t e a d ,  a s e l f - e r e c t i n g  c y l i n d e r  w i l l  be considered.  I f  a 

c y l i n d e r  can have a c e r t a i n  maximum rad ius  be fo re  t r o u b l e  sets i n ,  t hen  it is  

thought w i s e  n o t  t o  p l a n  sphe res  of t h i s  r a d i u s  or l a r g e r .  

S u n l i g h t  impinges on a f u l l y  e r e c t e d  c y l i n d e r  from t h e  r i g h t .  It i s  

assumed t h a t  a c o n s t a n t  f r a c t i o n ,  f ,  of t h e  s u n l i g h t  which h i t s  any p o r t i o n  of - 
t h e  c y l i n d e r  boundary f o r  t h e  f i r s t  t i m e  is completely absorbed ( t h e  mesh f i b e r s  

are assumed b lack  here) .  The remaining l i g h t  (1-f)  goes on a c r o s s  t h e  c y l i n d e r .  

When it traverses t h e  c y l i n d e r  boiindary f o r  t h e  second t i m e ,  a f r a c t i o n  f i s  

again zhsorhei!. mp fnrt-p, t h p n ,  pyprtpd  hy q i i n l i z h t  nn the r i g h t - h a n d  h a l f  

of t h e  c y l i n d e r  p e r  u n i t  l e n g t h  is: 

Here S i s  t h e  s o l a r  c o n s t a n t ,  and c the speed of l i g h t .  The f o r c e  exe r t ed  by 

s u n l i g h t  on t h e  l e f t -hand  s i d e  of t h e  c y l i n d e r  p e r  u n i t  l e n g t h  is: 

c 

If t h e  mass p e r  u n i t  l e n g t h  of t h e  c y l i n d e r  is m, t hen  t h e  a c c e l e r a t i o n  of t h e  

c y l i n d e r  t o  t h e  l e f t  i s  given by: 

S f(2r) + S ( l - f I f ( 2 r )  
C 

c m  

The f o r c e  e x e r t e d  on t h e  right-hand half  of t h e  c y l i n d e r  i s  g r e a t e r  t h a n  t h a t  

e x e r t e d  on t h e  l e f t - h a n d  h a l f .  Consequently, t h e  c y l i n d e r  should f l a t t e n  some- 



I 
I .  

what, t h e  width of t h e  f igure now being smaller t h a n  i t s  he igh t .  The c y l i n d e r  

f l a t t e n s  u n t i l  stresses set  up i n  t h e  self-Greeting material make a l l  p o r t i o n s  

of t h e  c y l i n d e r  accelerate a t  t h e  same rate. 

It i s  a r b i t r a r i l y  assumed h e r e  t h a t  t r o u b l e  i n  deployment can be expected 

i f  t h e  r a d i u s  of t h e  f u l l y  e r e c t e d  c y l i n d e r ,  s a y  i n  t h e  absence of s u n l i g h t ,  is 

j u s t  l a r g e  enough so t h a t  i n  t h e  presence of s u n l i g h t  t h e  r i g h t  and l e f t  ex- 

tremities of t h e  f i g u r e  are reg ions  of z e r o  cu rva tu re .  A c y l i n d e r  of any 

l a r g e r  r a d i u s  would e x h i b i t  a dog-bone appearance. 

Now t h e  c y l i n d e r  i s  a c c e l e r a t i n g  t o  t h e  l e f t  so one should have t h e  x-y 

c o o r d i n a t e  system a l s o  a c c e l e r a t i n g  t o  t h e  l e f t  a t  t h e  same ra t e ,  and t h e n  

perform t h e  a n a l y s i s  i n  t h i s  a c c e l e r a t i n g  system. Here we approximate t h i s  

procedure by assuming t h a t  ano the r  s u n  produces l i g h t  which s h i n e s  on t h e  

c y l l n d e r  f rom t h e  l e f t .  The a c c e l e r a t i o n  of t h e  c y l i n d e r  i s  now zero.  Con- 

s i d e r  t h a t  "qua r t e r "  of t h e  d i s t o r t e d  c y l i n d e r  which l ies a t  t h e  lower r i g h t  

hand, as i l l u s t r a t e d  below. 
Y 
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The moment equat ion  is: 

da '  - Sf 2(yt-y)2 
2c E I -  - d s  

Here E is Young's Modulus of t h e  material and I i t s  moment of i n e r t i a .  

R e w r i t e  t h e  equat ion  as: 

Define a new c o n s t a n t  C by: 

Replace d s  by S and r ep lace  d a '  by a; where 

t h e  l eng th ,  Z ,  of t h e  i l l u s t r a t e d  band i s  FS 

u n d i s t o r t e d  c y l i n d e r  which gave rise t o  t h i s  

4Z/an. 

A computer program (see las t  pages)  was 

n=1,2,3 .... F-l,F.  Note t h a t  

and t h a t  t h e  r a d i u s  R of t h e  

d i s t o r t e d  band i s  g iven  by 

w r i t t e n  which g i v z s  ( x , y t ) ,  Z ,  

and R as a func t ion  of C. 

is i l l u s t r a t e d  i n  t h e  f i g u r e  below: 

The b a s i c  f a c t  which s i m p l i f i e s  t h e  computation 

Y 
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Note t h a t :  

etc. 

And t h a t  

= s c o s  a; 

x = x + s cos (a'  + a ' )  2 1 1 2  

x = x + s cos (a' + a '  + a ' )  
3 2  1 2 3  

etc. 

The computation m u s t  stop when n becomes j u s t  l a r g e  enough, s a y  N ,  t o  make 

of a l a r g e  y t  as a starter which t h e  program then  a d j u s t s  a s  it proceeds 

so t h a t  it e v e n t u a l l y  converges t o  the  c o r r e c t  va lue .  The- program p r i n t s  

o u t  t h e  c o r r e c t  va lue  of y t  -and t h e  a s s o c i a t e d  x. 

Now t h e  material under s t u d y  has an  E1 = 1000 milligram-cm = 980 ' 

10 dyne-cm. The speed of l i g h t  is  3 X 10 cm/sec. The s o l a r  c o n s t a n t ,  

S is  
7 

(2.0)(4.18)X 10' e r g s  
60 cml-sec C 

Consequently C is: 

With t h i s  C ,  an R of about 89 f t  w a s  ob ta ined ,  y t  being 108 f t  and x about 7 8  

f t .  When t h e  material s t r e n g t h  E1 was made t e n  times g r e a t e r  so  t h a t  C w a s  



2.42 x 10-7/ft3, t h e  R obtained w a s  about 190 f t ,  y t  being about 231 f t ,  

and x about 160 f t .  Note t h a t  10 'I3 190/89. 
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