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1.0 INTRODUCTION 

The objective of this program is to develop a material with the 

following characteristics: 

1. 

2 .  

3. 

4. 

Ability to erect without an inflation system or external aids. 

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

Rigidity to withstand solar pressure with a safety factor of 5 . 0 .  

RF reflectivity (8-9 GHz) 95-98 per cent that of a similar solid 

surf ace. 

This report dis usses work carried on during the March- lay period. 

The investigation of various sizing materials was begun and these results 

are presented. 

necessary for highest rigidity. This report includes the results of a pre- . 

liminary study of aluminum as the conductive coating. 

deposited in NASA-owned vacuum chambers. (NAS5-3515). 

An experiment was designed to determine the heat treatment 

The aluminum was 

A means of evaluating the rigidity after folding was developed. Results 

of this testing are presented. 

High speed motion pictures were taken of several cylinders in an attempt 

to examine this material during deployhent studies. 
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2.0 SUMMARY . 

A production run was made in May. Hess Goldsmith Style No. 18601 

was copper-plated using the equipment built under this contract. 

4-ft by 6-ft panels were fabricated from this material and sent to Goddard 

Space Flight Center. 

Two 

During this quarter the effect of sizing agents on self-erecting 

material was investigated. At this point, polyvinyl alcohol appears an 

excellent size. 

A number of 7 1/2-inch diameter cylinders were made from the material 

produced in May. 

rather crude deployment experiments. 

during these studies. Several frames of these are printed here to demon- 

strate the self-erecting properties. 

These 12-inch high cylinders were used in a series of 

High-speed motion pictures were taken 

A specification for evaluation of self-erecting materials is included 

in tnis report. 

G. T. Schjeldahl Co. Report -2- 
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3.0 DISCUSSION 

In April, a fiberglass scrim fabric was purchased from Hess Goldsmith. 

The fabric has a style designation of 18601. This fabric was very similar 

to the material processed in the past, style 18539. It is woven in a leno 

pattern and has ten threads to the inch. The difference lies in the yarn 

'used. 

18601 was woven from 450 E(=B 1/1 1.0 Z in the fill direction, and 450 

Style 18539 consisted of 900 ECB 1/0 1.0 Z thread whereas style 

ECB 1/0 1.0 Z in the machine direction. This results in a heavier 

fabric weighing 1.82 mg/cm2, compared to 18539's weight of 0.69 mg/cm2. 

The width of 18601 was received 39 inches wide with two trim edges 1/2- 

inch wide. 

This material was processed the same as past material in the following 

manner : 

1. Heat treatment, 
9 n:-a:-- -. " Y I . L U L I . 6  , 

3. Electroless plating, 

4. Sheath layer coating. 

These steps will be discussed in more detail below. 

3.1 HEAT TREATING 

The material was rerolled onto a 3-inch OD aluminum core and placed in 

a forced air ovep. Table I shows the temperature in the oven with respect 

to time. 

G. T. Schjeldahl Co. Report -3- 



Time (Kin.)  

0 

15 

30 

45 

60 

L l % I h h  I 

Temperature ( OF ) 

3 70 

45 0 

460 

470 

480 

The weight a f t e r  h e a t  t r e a t i n g  w a s  1 . 7 7  mg/cm2. This amounts t o  a 

2 .75  p e r  c e n t  weight loss. The r i g i d i t y  w a s  c a l c u l a t e d  of t h i s  hea t  t r e a t e d  

material  and found t o  be 339 mg-cm on t h e  i n s i d e  of roll (end A ) .  The 

r i g i d i t y  was 255 mg-CE on t h e  o u t s i d e  of t h a  roll (end B). A s  i n  the case 

of t h e  material h e a t  treated i n  February,  t h e r e  is  a permanent set i n  t h e  

material. 

Tne hea t  t r e a t i n g  cyc le  descr ibed above for 18601 has been added t o  

Graph No. 1 as presented  i n  t h e  Apr i l  p rogress  r e p o r t .  I t  can be seen  

t h a t  t h e  curve f a l l s  w i th in  t h e  boundaries def ined  i n  t h e  e a r l i e r  h e a t  

t rea tment  study. The d a t a  for which t h e  graph w a s  drawn covers  H e s s  Gold- 

smi th  S t y l e  18539; however, as t h e  s i z i n g s  are similar, t h i s  comparison is  

p e r t i n e n t .  

3.2 GT-201 COATING 

The material w a s  then  coated with GT-201 i n  t h e  s i l i c o n e  rubber  coa t ing  

s e c t i o n  of t h e  process ing  equipment. 

apply  a 0.12 mg/cm2 coa t ing ,  which appeared t o  be uniform throughout t h e  roll. 

Upon complet ion of t h e  coa t ing  s t e p ,  t h e  material was  inspec ted  and judged 

t o  have poor s t r e n g t h  a t  t h e  

611 mg-cm, and of End B, 346 mg-cm. 

The s o l i d s  conten t  w a s  con t ro l l ed  t o  

yarn i n t e r s e c t i o n s .  The r i g i d i t y  of end A w a s  

The material weight w a s  1.89 ;ng/cm2. 

A second coa t  of GT-201 was appl ied  t o  t h e  material i n  an a t tempt  t o  . 

G. T. Sch je ldah l  CO. Report -4- 
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t i e  t n e  yarn bundles toge the r  b e t t e r .  

wzig5.t ga in  w a s  0.14 ng/cm2. 

On t h i s  second a p p l i c a t i o n ,  t h e  avarage 

The r i g i d i t y  of end A a f t e r  two coa t s  w a s  823 

mg-cm, and of end 3, 1042 mg-cm. S t rength  of t h e  mesh a t  t h e  yarn  i n t e r -  

s e c t i o n s  had increased  a f t z r  :.'its second coa t .  . T h e  machine w a s  slowed t o  

6 i n /n in  f o r  t h i s  ope ra t ion ,  which allowed f o r  a 20 min. dry ing  t i m e  i n  t h e  

3 . 3  P-LATING STEP -- 
-- dsing t h e  6 inch/min. speed, t h e  material desc r ibe2  above w a s  p l a t ed .  

By x r n i n g  a t  ha l f  speed, on ly  one p l a t i n g  tank  and one-nalf t h e  amount of 

s e n s i t i z e r  and a c t i v a t o r  s o l u t i o n s  were needed t o  maintain t h e  proper  resi- 

dence t k e s .  

used on t h i s  run. 

The s a 2  techniques as those  developed dur ing  February w e r e  

The pH w a s  con t ro l l ed  a t  12 .4  t o  12.6 and t h e  temperature  

w a s  he ld  a t  20 t o  21 C. 

t h e  Seginning and end. 

The r e s i s t i v i t y  of t h e  p l a t e d  material w a s  taken a t  

It  w a s  found t o  be 0.8 ohms pz r  square and 0.7 ohms 

d e p o s i t .  The weight of t h e  material a f t e r  t h e  copper w a s  depos i ted  w a s  2.17 

ng[cm2, and t h e  r i g i d i t y  of end A w a s  701  mg-cm, whi le  end B w a s  900 mg-cm. 

3 - 4 S1LICC)NE PIIIXE STEP ---- 
The s i l i c o n e  prime s t e p  w a s  evaluated f o r  t h e  f i r s t  t i m e  dur ing  t h i s  

run. The weight a d d i t i o n  due t o  t h i s  s t e p  i s  0.11 mg.  

3 . 5  SILICONE RUSBER COATING STEP 

A s  be fo re ,  t h e  f i n a l  coa t ing  of s i l i c o n e  rubber  "as app l i ed  t o  t h e  xesh. 

Approximately 0.5 ng/cm2 w a s  added t o  t h e  weight. Th i s  material w a s  g iv in  a 

l a b o r a t o r y  notebook number 105-113-1 and is  complete. 

of 859 mg-em. 

i05-i13-1. 

End B had a r i g i d i t y  

End A w a s  n o t  t e s t e d .  Table  I1 l ists  t e n s i l e  s t r e n g t h s  of 

G. T. Sch je ldah l  Co. Report -6- 



TABLE I1 

TENSILE STXELTGTH 105-113-1 

Machine Direc t ion  

i. 29.0 

2. 26.0 

3 .  27.3 

4. 27.3 

5. 28.5 

Avzrzzs 27.6 iS/inch of width 

Transverse Direc t ion  

1. 1 4 . C  

2 .  26.5 

3. 20.2 

s. 20.3 

5 .  16. l 

Average 19.3 1b/inch of width 

0 45 Azgle 

1. 0.7 

2. 0.8 

d .  ‘1 0.8 

L;: 0.5 

5. 0.6 

Average 0.68 l b / inch  of width 

6.  T. Sch je ldah l  Co. Report -7- 
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FN-o * 3y 6 - - ~ o t  i>anels w e r e  s z n t  t o  Zbldard Space F l i g h t  Cenzer. 

Fig;:? l shows t h e  conf igura t ion .  The seam are t h e  same as t h o s e  used on 

e ~ l i e r  hardware. 

A c a n i s t e r  w a s  designed t o  package c y l i n d e r s  of 105-113-1. The cy l in -  

ders are 7 1 /2  inches  i n  d iameter  and 1 2  inches  i n  h e i g h t ,  an2 t h e  c a n i s t e r  

w a s  2ssLgr.ed t o  hol6 zhe c y l i n d a r  i n  a s2zce  1 2  ii-iches by 2 inches  by 

1/8 inch. These d i m n s i o n s  are based on a packing f a c t o r  of 3 . 0 .  Figure  2 

Is a Z ~ = s c r i ? t i v e  drawlng of t h i s  ees ign .  This  c a n i s t e r  w a s  set  up i n  f r o n t  

of a cazscra ar,d slow motion p i c t u r e s  were taken du r ing  t h e  c y l i n d e r  e rec t ion .  

Frazes of t h e s e  sequences were s e l e c t e d  and are grouped i n  F igu re  3 .  F igure  3a 

shows t h e  packed c a n i s t e r  p r i o r  t o  t h e  release, 3b t h e  p o i n t  where t h e  c a n i s t e r  

I s  f a l l i z g  away. I n  F igure  3c ,  the cy l inde r  i s  w e l l  on i t s  way t o  deployment, 

T e s t s  wzre a l s o  run on a c y l i n d e r  w i t n  f l a t  ends. Two sequences are 

shown i n  p a r t  here .  F igure  4 shows how a r i g h t  c y l i n d e r  erects under 1 g.  

To e v a l u z t e  rhis, :he c y l i n d e r  w a s  merely f l a t t e n e d  pe rpend icu la r  t o  t h e  

axis.  t h e n  r e l e a s e d ,  :he c y l i n d e r  popped up qu ick ly  and conpetely.  

-..e c;.llnder w a s  then  fo lded  t o  a s i z e  approximately 2 i n  by 2 i n  by r;; 

3/L; i n ,  ard t o s s e d  l i g h t l y  i n t o  t h e  a i r .  F igure  5 shows the manner i n  which 

rLe cylin2.er deployed. 

a a t e l y  0.5 sec. 

The e lapsed  t ine  dur ing  t h e s e  p i c t u r e s  w a s  approxi- 

G. T. SchJe lcah l  C k .  Beport -8- 
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3.9 FOLDING TEST - 
A simple test w a s  developed t o  determine t h e  r i g i d i t y  a f t e r  c r eas ing  

by merely p l ac ing  a weight on a folded one inch w i d e  sample. These 

creased samples w e r e  then placed on t h e  r i g i d i t y  tester (as p e r  ASTM 

D-1388). 

41.5 degree.  

was  a t  a 41.5 degree angle .  

w a s  c a l c u l a t e d  f r o m  t h i s .  The sample w a s  then trimmed f u r t h e r  u n t i l  the  

overhang w a s  a t  a twenty degree angle  and r i g i d i t y  calculated. The sample 

w a s  t hen  f u r t h e r  shortened u n t i l  t h e  overhanging po r t ion  p a r a l l e l e d  the  10 

degree mark on the tester. 

The overhanging p o r t i o n  was  c u t  so t ha t  it d e f l e c t e d  more than 

The sample was then  trimmed u n t i l  t h e  overhanging po r t ion  

This d i s t a n c e  w a s  recorded and a r i g i d i t y  

Table  IV lists these r e s u l t s  w i t h  the 

c a l c u l a t e d  r i g i d i t y  of t h e  crease. The value8 r epor t ed  i n  t h i s  t a b l e  are 

an average of t h e  i n s i d e  and o u t s i d e  of t h e  fo ld .  The d a t a  i n d i c a t e  tha t  

the  r i g i d i t y  is a f f e c t e d  by c reas ing  and f u r t h e r  work i s  planned t o  

determine how a p p r o p r i a t e  t h i s  t es t  procedure is. Table  V summarizes 

these f i n d i n g s  by comparing the  average r i g i d i t y  a t  each time i n t e r v a l  

w i t h  105-113-1 t h a t  has not  been folded. 

G. T. Schje ldahl  CO. Report -13- 
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Material processed i n  February was eva lua ted  dur ing  t h i s  period. 

Table VI and VI1 show t h e  r e s u l t s  of t e n s i l e  s t r e n g t h  tests. The base 

f a b r i c  f o r  t h i s  run  w a s  Hess Goldsmith s t y l e  No. 18539, which cons is ted  

of 10 yarns  i n  t h e  f i l l  d i r e c t i o n  and 20 y a r n s - i n  t h e  machine d i r e c t i o n  i n  

a l e n s  p a t t e r n  weave. Each yarn  had the  d e s c r i p t i o n  of 900 ECD 1/0 1.0 Z. 

From t h i s  m a t e r i a l  two s p h e r i c a l  caps w e r e  fatticat&. %.e== will he tested 

for  RF Ref lec tance  on a f a c i l i t y  being cons t ruc t ed  a t  Goddard Space F l i g h t  

Center.  

G. T. Sch je ldah l  CO. Report 
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3.10 TESTING 

I n  t h e  eva-nat ion of t h e  se €-erec t ing  material f i v e  tests are being 

used. The test methods are s p e c i f i c a l l y  explained i n  GTS Q-132. The 

s p e c i f i c a t i o n  ou;lines t h e  manner i n  which-- 

(1) R e s i s t i v i t y  

(2) R i g i d i t y  

(3) T e n s i l e  S t r eng th  

(4) Bend Radius T e n s i l e  S t rength ,  and 

(5) Folded R i g i d i t y ,  are measured. 

A copy of Q-132 i s  included i n  t h i s  repor t .  

When t h e  proposed modi f ica t ions  t o  t h e  mesh f l e x  tester are completed 

a s p e c i f i c a t i o n  w i l l  be w r i t t e n  covering i t s  use.  

3.11 MODIFICATIONS TO THE MESH FLEX TESTEX ---- 
It w a s  found necessary t o  modify t h e  mesh f l e x  tester s e n t  t o  

G. T. Sch je ldah l  by NASA. When t h e  machine was  used t o  measure the  

r e s i s t i v i t y  of t h e  mesh during f l ex ing  it w a s  noted t h a t  t h e  d i r e c t  

connect ion of motor t o  t h e  sample made t h e  ohmmeter inoperable .  

i s  being c o r r e c t e d  by r ep lac ing  t h e  steel s h a f t  wi th  a nylon one. 

This  

The d r i v e  w i l l  also be a l t e r e d  so t h a t  t h e  motor w i l l  run cont inuous ly  

i n  one d i r e c t i o n .  It p r e s e n t l y  reverses  i t s e l f  for each cycle .  F igu re  6 

shows t h e  new d r i v e  assembly. 

G. T. Sch je ldah l  Co. Report -18- 



. a 

d 
d 
n 

2 
J 
0 



, 

-19- 

4.0 FUTURE PLANS 

A solution of polyvinyl alcohol will be applied to Style No. 18601. 

This material will be subsequently coated with aluminum. Two 4 ft by 

6 ft panels will be fabricated from this and sent to NASA Goddard. 

The seam study will begin and the use of conductive seals will be 

investigated. 

I 

G. T. Schjeldahl Co. Report 
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TE..ig specificatien Ls applicable t o  the tes t ing  and 
evaluation of se l f -erect ing  material made to deploy without 
En inf latant  or additional hardware. 

2.0 PURPOSE 

The purpose of thi8 spec i f icat ion fr t o  describe the 
npparatus and procedure6 for perforndng the following t e s t s :  

1. &EfBtiV%tp measureeent 
2.  
3. Bend radfus tensile 
4. Rigidity 
5 .  Folded r ig id i ty  

ultimate tens i le  (MD, TD, 45') 

3.0 MATEaUrn 

The sample shall be properly identified with the roll 
xumber and an a m  indtcatitlg lsuchine direction. 

i.0 APFABIS']PSIS 
. 

4.1  Ohm meter 

4.2 Test j i g  for resistivity meamrement (ST-21-1) 

4 . 3  Instron tester with CT load ce l l  and chart recorde 

4 . 4  

4.5 

4.6 Bend radius test fixture 

Five (5) pound weight accurate vithtn 2 . 0  grams 

Rigidity test fixture per AinnlD-1388 

CiTS F O R M  3003 REV A 



G. T. SCHJELDAHL COMPANY 
N O R T H F I E L O .  M i N N E S O T A  

I # 

SPECI F I CAT I ON 
CLASS I F I CAT1  ON Page 2 of 7 

Speciftcotlon NO -4-132 

Date Issued -6%2%-- ___ 

Rev1 slon ----_ 

4.7 Ekettler gram-atic balance 

5.0 WSIS TNrrV ISAS- 

The r e s i s t i v i t y  measurtmnt shal l  b e  d e  on a 1" x 8" 
sample w i t h  braes bue bars contacting one square inch of are 
on each end of the sample. This leaves a 1" x 6" tee t  area. 

5.1 Connect the aha meter t o  the r e s i t t i v i t y  jig 
(ST-21-1) and zero ohm meter. 

BP&S BUS aha, ' B R A S S  

0 0 s  04a 

3 k r n  hlk'ciFL 

5.2 
resistivity J i g  (jig has spring loaded clamps which 
exert constant pressure on the specimen) as shown i n  
sketch above. 

Le-0 l-0 L ~ A O  70 L .  
0-w MCTBR 

Cut sample of material (1'' x 8 " )  and place i n  

5.4 'Calculate o b  per aquare as follows and record or 
data sheet. 
resistance in ohms divided by 6.  

Ohms per square i s  calculated from the 

6.0  U U I N A T E ~ S a E  

One tnch wide s a p l e e  shall  b e  tested having the threa: 
running in e i ther  the machine direction, transverse directir 
or at a 45' angle. 

G T S  FCRM 3003 R E V  A 
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6.1 
the direct ion which the threads run i n  the sample). The 
threads in the sa~plee shall be straight and continuous 
from one end t o  the other. 

C u t  the required amber of one inch samples (note 

6 .2  The Instron shall be operated i n  accordance with 
Q- 101. 

6 . 3  Balance, zero, and calibrate the load weighing and 
recording system using the f i v e  pound calibrated weight. 

6 .4  
chart speed at two (2) taches per minute, and jaw 
separation a t  two (2) imhes. 

Set  crosrhead speed at two (2) inches per sifnute, 

6.5 Set the "Full Scale Load" at a set t ing  which w i l l  p 
the breaking point between the lower one quarter (1/4t) a 
upper one quarter ( f /4)  portion of the graph. 

6 . 6  Mount the speciren in the Instron jaws i n  such a aa 
that the length of the specimen i s  parallel  to the f ines  
force exerted on it. 

6 . 7  Run t e s t ,  record elongation and ultimate tensile on 

6.8 Record elongation and ultimate t ens i l e  on data shee 

7 . 0  BEND W L U S  TBNSILE 

One inch wide sarspleo shall be teated having the threads 
running fn either the wachine direction, tranmer8t direct ic  
or a t  a 4 5 O  angle. 

- 
?EV 

er 
f 

ha 
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8.0 

7.1  Clamp the bard radiue ftxture ( lee skctch bel-) 
in the u p p t  jaw of the h u t r a n .  

J K& C.R.S. 
i 

h -7 
i c- 

7.2 Repeat s t e p s  6.1thrmgh 6.5. 

7.3 Mount the speciPan id the Lrretron 80 that the 
material makes a lsad b e d  aver the b e d  radius fixture 
(.Om inch radius edge) and clamp both e d e  in the love 
jaw. 
that the length of the specimn i o  parallel t o  the 
lfnw of farce exerted on it. 

The speciPrca 8hould be ~wwnttd In such a mm@r 

7*4 ~ I Q  test, record elomgation and ultimuta t e n e i l s  
on chart. 

7.5 Pecord olonytion and ultimate bead radius tsasl le  
011 dat.  8h-t. 

One inch wfde samples @hall be tertd having the thread 
running i n  either the machine direction, t r a n s ~ r ~ e  dirtctio 
or a t  a 49' ang~e .  

8.1 
procedures outli&o La ASI"-D$U18. 
be PlCdt a t  loo, 20 , and 41,s 

The test shall be perfarmed according t o  the 
Weasureaaats will 

G ' S  FORM 3 0 0 3  R E V  A 
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8.2 Cut the necessary saaples (1" x 8"). The threads m C v  
should be stralght and continuous from o m  end t o  thee 
other. Also cat a sample 6" x 6". thfs  will be weighed 
later.  

8 . 3  
of the t e s t  fixture. 
even with the edge of the rest  fixtiiit. 
weight, v i r h  the rubber pad against the sample, on the 
t ee t  f ixture.  

8.4 
edge of the sample meet8 the desired angle loo, 20°, 
41.5'. 
record t h i s  value on the data sheet. 

i - - ' I  

I 

Place one specimen (111 x 8") on the smooth surface 

??ace rho top I 
The end of the  sample should be 

I 
S l i d e  the sample over the  edge until the overhangiCg i 

Note the length of overhang ( i n  centimetaro) and 
1 
I 

Speclflcatton NO Q-113 

Date Issued -- __ - 

\ 

b29-66 
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\ 

8.5  
each end of the sampie (four measurements w i l l  be takenl.  

8.6 Average the readings obtained In 8.4 and 8.5 for 
each angle. This value w i l l  be  used t o  calcufete the 
f lclrural rigidity. 

This should be repeated for the t o p  and bottom and I 

8.7 
gram-atic balance. 

Weigh the 6" x 6" sanple cut  i n  8 .2  on the Mettler 

Wetaht of 6" JC 6" l e  = wefght 05 sample i n  
232 g r a d u s  

Becoxd t e weight of the sample and the w i g h t  i n  
8T89tO/a  on the data sheet. 9 
8.8 The fornrula for calculating flexural rigidity, G ,  
i s  as follows: 

G P W C  3 

f where W 3.8 the weight of the ppateri.1 exprereed i n  mg/c 
and C is the bending length in cat. 
i s  determined as follavs: 

The bending length 

G T S  F O R M  3003 R E V  A 
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e 9 u l t i p l p  the teagtb of overtmag <iewG s sect i:' -le) (value fm 8.6) by 0.890 

20° - m u l t i p l y  the length of overhang by 0,695 

41.5' - r u l t i p l p  the leagth of overhang by 0.500 

8.cotd the fiexural i5gJd1ty r)n, the data sheet. 

3.0 E ! a a % E ~ p r x l s  

The fofdad rigidity t e s t  is similar t o  the etsndaxd 
r ig id i ty  tart (mi. 8.0) only the maple will be forded a d  
crered priar t o  testiag. 

9.2 Fold the sgagle t o  be te6ted tn the center (app 

weight for the derird upbunt of tias ( to  be indicated 
em the t e e t  data r b e t ) .  

at the 4 inch mark) 180° aad press under a seven 3 

9.3  After folding, p l a c e  the sumple on the t e s t  fix- 
80 t h t  the fold is e ~ e n  vith tht edge. Place th8 top 
wight, with the rubber pad agalnat the saetple, on the 
t e s t  fixture to hold the speci9an in p l a c e .  

9.4 Starting with the 4X.5* angle, cut off the sampfc 
(the overhanging Qoa) until it rnts 41.~'. kawua t t  
rcpuialag w h  ef material w e r u i n g  (uammd 5s 
ceatireters). 

9.5 
sample may be amid for the three auammmtntr. 
the reainleg ovsihmlb; 011 the data ilkeat egch tirc. 

9.6 
other end of the 0.npl.e. 

&peat rtep 9.4 far 20' a d  lo", E- e& of 
Record 

Staps 9.3 through 9.5 should be repeated for the 

EV 

5 

i, 
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9.9 Calculate the fleattrl rigidity a6 in 8.8. Becord 
the flexural rigidity (after folding) on the data sheet 

. 

5 .  
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