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1.0 INTRODUCI'ION 

The o b j e c t i v e  of t h i s  program i s  t o  develop a material with t h e  

fol lowing p rope r t i e s :  

1. A b i l i t y  t o  e r e c t  without ex te rna l  aids.  

2 .  Open mesh conf igura t ion ,  t ransparent  t o  90 per  cent  solar r ad ia t ion .  

3. Weight less than 20 p e r  cent t h a t  of ECHO I1 material. 

4. R i g i d i t y  t o  withstand 5 t i m e s  s o l a r  pressure.  

5.  RF r e f l e c t i v i t y  95 t o  98 p e r  cen t  t h a t  of a similar s o l i d  surface.  

This r epor t  descr ibes  operat ion of t h e  equipment and i n  t u r n  production 

of s e l f - e rec t ing  mater ia l .  From t h i s  material two sphe r i ca l  segments w e r e  

f a b r i c a t e d  . 
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2.0 SUMMARY 

During t h i s  q u a r t e r ,  t h r e e  production p l a t i n g  runs w e r e  made, one 

i n  December 1965, and t w o  i n  February 1966. The run i n  December con- 

s t i t u t e d  a shakedown run f o r  the p l a t i n g  equipment. 

w e r e  made af ter  t h e  modif icat ions d i c t a t e d  by t h e  December run  w e r e  com- 

p le ted .  The d e l i v e r a b l e  i t e m s  shipped during t h i s  per iod  were: 

The runs i n  February 

1. A 30-inch sphere;  

2. 

3. 7ho 27-ft  diameter sphe r i ca l  segments. 

Two 4 - f t  by 6 - f t  panels ;  
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3.0 DISCUSSION 

3.1 MACHINE MODIFICATIONS 

During t h i s  qua r t e r  t he  processing equipment w a s  eq tens ive ly  

modified as d i c t a t e d  by t h e  r e s u l t s  from t h e  s t a r t -up  run i n  December. 

Major add i t ions  t o  t h e  equipment were: 

1. 

2. 

3. 

4. Addit ional  unwind s t a t i o n  f o r  f i n a l  RTV s i l i c o n e  rubber shea th  

Auxi l ia ry  d r i v e  t o  f a c i l i t a t e  machine threading.  

Web con t ro l  r o l l e r s  a t  tank bottoms f o r  proper tensioning.  

Addit ional  hea t  lamps i n  cur ing  tunnel  t o  increase  cure temperature. 

coa t ing  operat ion.  

An exhaust hood t o  remove fumes from p l a t i n g  tanks and so lvent  

vapors from t h e  s i l i c o n e  rubber so lu t ion .  

5 .  

6. Another p l a t i n g  tank, br inging t o t a l  immersion t i m e  t o  10 minutes. 

De ta i l s  of t h i s  equipment are depicted on drawing N o .  1. 

The equipment has t h e  following opera t ing  f ea tu res :  

1. Web width: 48 i n  maximum 

2. Web speed: 1.0 ft/min 

3 .  Amount of ma te r i a l  required t o  thread machine: 130 f t  

4. Residence t i m e s :  

S e n s i t i z e r  s o l u t i o n  1 . 7  min 

Act iva tor  so lu t ion  1.7 min 

P l a t i n g  so lu t ion  10 min 

Drying tower 10 min 

Curing tower 10 min 

5 .  Process  Control Temperatures : 

S e n s i t i z e r  and a c t i v a t o r  18 t o  22 C 

P l a t i n g  20 t o  23 C 
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Rinse tanks  40 t o  50 C 

Curing tower 65 t o  70 C 

6. Operating f a c i l i t i e s  requirements: 

A i r  p ressure  70 p s i  

Water deionized 

G a s  fo r  water h e a t e r  

Electrical  110 v. 60 Hz 

Under normal opera t ion  t h i s  equipment can depos i t  copper e l e c t r o l e s s l y ,  

The r e s i s t a n c e  of mesh and prime coa t  a mesh wi th  RTV s i l i c o n e  rubber.  

produced on t h i s  machine has been i n  t h e  0 , l  to4.O Q/sq. range. The copper 

is coated immediately t o  prevent oxidat ion.  

3.2 PRODUCTION RUNS - 
During t h i s  q u a r t e r ,  t h r e e  production runs  w e r e  made, one i n  December 

and two i n  February. 

run,  and w a s  descr ibed  i n  d e t a i l  i n  t h e  December progress  r epor t .  The 

major i ty  of t h e  equipment modif icat ions w e r e  prompted by process  observa t ions  

The one i n  December w a s  a s t a r t - u p  and precondi t ion ing  

and materials p r o p e r t i e s  measurements dur ing  and after t h i s  run. The mater- 

i a l  w a s  p l a t ed ,  primed, and sheath-coated us ing  t h e  equipment as o r i g i n a l l y  

designed. The q u a l i t y  of t h e  copper depos i t  w a s  q u i t e  good i n  c e r t a i n  areas, 

but  t h e r e  w a s  no t  enough material t o  f a b r i c a t e  a sphe r i ca l  segment as had 

been planned. Por t ions  of t h i s  material w e r e  f a b r i c a t e d  i n t o  a 30-inch sphere 

and two 4-by 6 - f t  panels .  

The material processed during January and February i s  t o  be used i n  

f a b r i c a t i n g  two s p h e r i c a l  segments t o  be t e s t e d  a t  NASA-Goddard i n  Ju ly .  

3.3 GLASS FIBER PROCUREMENT AND PREPARATION --- -- -- 
I n  December of 1965, yarn was purchased from Owens  Corning F ibe rg la s s  

G. T. Schje ldahl  Co. 
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with the description of ECD 900 1/0 1.0 Z yarn. This yarn was shipped to 

the Alta Vista Company, a division of Hess Goldsmith, to be woven into a 

fabric with a 10 by 20 leno weave. 260 yards of this material were received 

from the weaver; however, there were many flaws in the fabric. These 

flaws, consisting of areas where there were no yarns in the fill direction, 

were not detrimental to processing operations, as the machine direction 

yarns had enough strength so that adequate web control was maintained. 

Woven material, as received, was rerolled onto three-inch diameter aluminum 

cores for the heat treatment step. Material was rolled onto four cores as 

follows: 

Roll No. 1 100 ft of good fabric w/200 ft scrap. 

Roll No. 2 220 ft of good fabric 

Roll No. 3 220 ft of good fabric 

Roll No. 4 360 ft of good fabric 

Roll No. 1 was to be used as leader in the GT-201 coating operation. 

Rolls No. 2 and 3 were to be used in the segments. Roll No. 4 has been set 

aside to be used for future development work. Good fabric is defined as 

material that is essentially free of flaws. 

The glass fabric as received weighed 5.7 grams per square.yard. 

Preliminary testing of this fabric in the "as-received" condition showed 

that the rigidity in the machine direction was 13.4 milligram centimeters, 

the transverse direction was 2.2 milligram centimeters and at a 45 degree 

angle it was 5.9 milligram centimeters. 

rigidity is described in the monthly prorgress report for January. 

The technique used to measure 

3.4 HEAT TREAmENT - 
The heat treatment step performs a two-fold purpose: (1) it heat cleans 

G. T. Schjeldahl Co. -5- 



t h e  f a b r i c  by dr iv ing  off  weaving lub r i can t s ,  and by caramelizing the  f a b r i c  

s i z i n g  so t h a t  subsequent coat ing w i l l  w e t  t h e  su r face  more uniformly; 

and ( 2 )  it increases  t h e  i n t r i n s i c  r i g i d i t y  of t h e  f a b r i c .  

oven w a s  used f o r  t h e  cha r r ing  process.  

oven w a s  approximately 47 inches,  the  door had t o  be l e f t  s l i g h t l y  ajar 

and the  opening packed wi th  f i b e r g l a s s  i n su la t ion .  

ab le ,  t h e  amount of f a b r i c  t r e a t e d  a t  any given t i m e  w a s  l imi t ed  t o  2 rol ls .  

Rol l  1 w a s  hea t  t r e a t e d  f o r  t h i r t y  minutes. 

reached during t h i s  t reatment  w a s  565 F. 

A labora tory  

Since diagonal dimension of t h e  

Because of space ava i l -  

The equi l ibr ium temperature 

Rol l s  2 and 3 w e r e  heat  t r ea t ed  toge ther  s ince  t h e  two d e l i v e r a b l e  end 

caps a r e  t o  be made out  of t h e s e  two rolls. During t h e  heat  t reatment  of ro l l s  

2 and 3,  t he  oven door had t o  be more ajar than i n  t h e  case of r o l l  No. 1. 

Even though t h e  opening was packed wi th  in su la t ion ,  t h e  maximum equi l ibr ium 

temperature during the  hea t  t r e a t i n g  process  only reached 520 F. 

t h i s  lower equi l ibr ium temperature, r o l l s  2 and 3 w e r e  hea t  t r e a t e d  n ine ty  

in s t ead  of t h i r t y  minutes. Af te r  hea t  t reatment ,  t h e  f a b r i c  weight f o r  a l l  

t h r e e  r o l l s  was found t o  be 5.6 grams per  square yard (a 1.8 pe r  cen t  re- 

duct ion) .  

Because of 

From the  above weight loss data ,  it w a s  determined t h a t  a l l  t h ree  r o l l s  

of ma te r i a l  had been hea t  cleaned t o  the  same degree. 

The r i g i d i t y  of t h e  f a b r i c  a t  t h i s  s t age  was measured and found t o  be 

markedly increased.  An apparent s i d e  e f f e c t  due t o  hea t  t reatment  noted a t  

t h i s  point  was t h a t  t h e r e  appeared t o  be 

f a b r i c .  It i s  f e l t  t h a t  t h i s  was due t o  

has caused an apparent wide v a r i a t i o n  i n  

some permanent set or curva tu re  of t h e  

wrapping on t h e  t h r e e  inch core.  This  

t h e  r i g i d i t y  of a material sample i f  it 

is  inve r t ed  on t h e  test f i x t u r e  and remeasured. A factor of 10 d i f f e rence  in 

t h e  r i g i d i t y  measured i n  t h i s  manner was observed when t e s t i n g  t o  ASTMD-1388 

G. T. Schjeldahl CO. 
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procedures. 

negligible in the transverse direction. 

did not appear to exhibit this characteristic curl. Further tests will be 

made to determine whether or not this deformation caused by wrapping on 

This effect was marked in the machine direction but was 

The samples taken at 45 degrees 

the core will affect the fold resistance and/or the erection properties 

of the material. 

3.5 GT-201 COATING -- 
The next phase in processing consisted of coating the heat treated 

@ fabric with GT -201 adhesive. This coating was applied with the Schjeldahl 

64-inch laminator. After coating, the adhesive is cured to alleviate 

blocking. 

A s  it is intended to use this run of material to fabricate and test 

two spherical segments, it was jointly agreed by Schjeldahl and NASA engi- 

neers that the two assemblies should be different in some way. It was 

determined that the most logical step was to vary the GT-201 coating weight. 

This was done by applying a heavy coating to roll No. 2 and a relatively 

light coating to roll No. 3 .  Roll No. 2 was coated to a finished material 

weight of 6.8 to 7.8 grams per square yard. Roll No. 3 was coated to a 

finished material weight of 6.0 to 7.0 grams per square yard. 

~ 

The coating on this particular run was dyed a faint pink to facilitate 

inspection for proper penetration and coating of the yarn bundles. 

December run used a green dyed coating; however, it was found that too much 

dye had been used as evidenced by a gross discoloration of the silicone rubber 

which masked the copper lustre desired. 

The 

This particular run on the laminator proceeded very smoothly. The heat- 

treated rolls were coated in numerical order. This allowed adjustment of the 
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machine so t h a t  f e w  problems i n  machine con t ro l  were encountered i n  coa t ing  

r o l l s  No. 2 and 3 .  

r e l a t i v e l y  square and very l i t t l e  yarn wandering was noted. Microscopic 

examination of t h e  coated material revealed t h a t  t he  yarns w e r e  adequately 

encapsulated.  

During t h i s  coat ing opera t ion  t h e  mesh openings remained 

3 . 6  PLATING 

The equipment descr ibed i n  e a r l i e r  r epor t s  w a s  used t o  depos i t  copper 

e l e c t r o l e s s l y  on t h e  GT-201 coated material. 

scheduled so t h a t  only one ro l l  of material w a s  processed on a given day. 

The December run showed t h a t  f o r  the two p l a t i n g  runs t h a t  would be made, 

only one charge of s e n s i t i z e r  so lu t ion  and one charge of a c t i v a t o r  s o l u t i o n  

would have t o  be made. The p l a t i n g  s o l u t i o n s ,  however, would have t o  be 

The p l a t i n g  opera t ion  w a s  

made up f r e s h  each day. It has been determined t h a t  s to rage  of t h e s e  p l a t i n g  

s o l u t i o n s  overnight  i s  v i r t u a l l y  impossible. 

The supp l i e r  suggested t h e  use of a i r  a g i t a t i o n  and a more d i l u t e  

p l a t i n g  bath t o  increase  s t a b i l i t y .  These procedures d id  no t  he lp  appre- 

c i ab ly .  It w a s  found that  pH was  a s i g n i f i c a n t  f a c t o r  i n  c o n t r o l l i n g  t h e  

q u a l i t y  of p l a t ing .  Therefore,  a pH m e t e r  was used f o r  process  cont ro l .  

During t h e s e  runs,  care was taken t o  keep t h e  pH of t h e  p l a t i n g  s o l u t i o n s  

.between 12.2 and 12.8 as recommended by t h e  p l a t i n g  chemicals supp l i e r .  

This  was v e r i f i e d  by labora tory  experiments conducted by Schje ldahl .  The 

pH w a s  ad jus ted  by adding sodium hydroxide f l a k e  i n  a dry form t o  t h e  tanks.  

The a i r  a g i t a t i o n  i n  t h e  tanks dissolved t h e  c a u s t i c  quickly,  thus  t h e r e  w a s  

no need f o r  t h e  c a u s t i c  t o  be predissolved.  The machine ran  very w e l l  a t  t h e  

prescr ibed  speed of 1 foo t  per  minute. The addi t ion  of t h e  rollers i n  t h e  

bottom of a l l  t h e  tanks r e s u l t e d  i n  b e t t e r  opera t ion  of t h e  equipment. During 

G. T. Schje ldahl  Co. -8- 



t h e  Decemberrun, it w a s  found tha t  when using a f r e e  f l o a i n g  web t h e  

res idence  t i m e  could not  be held cons tan t .  

During t h e  p l a t i n g  run,  t h e  material r e s i s t a n c e  of a one-inch wide 

sample w a s  p e r i o d i c a l l y  checked. 

mately 28-foot i n t e r v a l s .  However, it w a s  found t h a t  web s t r e n g t h  was re- 

duced t o  a po in t  of p o t e n t i a l  web breakage when a sample w a s  c u t  ou t  of t h e  

cen te r .  On t h e  second run t h e  r e s i s t a n c e  of t he  material w a s  checked by 

t ak ing  samples a t  t h e  beginning, i n  t h e  cen te r ,  and a t  the end. By t h i s  

means of sampling more material could be u t i l i z e d  f o r  t h e  f a b r i c a t i o n  of 

On t h e  f i r s t  run t h i s  w a s  done a t  approxi- 

an end cap. 

On t h e  f i r s t  run ,  t h a t  i s  roll N o .  2 ,  it w a s  found t h a t  t h e  r e s i s t a n c e  

of t h e  copper-plated mesh ranged from 1/2 51 per  square t o  approximately 

2 51 p e r  square.  This w a s  f e l t  t o  be acceptab le  and t h e  material w a s  primed 

wi th  a s i l i c o n e  primer. Rol l  N o .  3 ,  our second run, w a s  p l a t e d  t o  a p o i n t  

where t h e  r e s i s t a n c e  of t h e  mesh w a s  between 0.1 and 1 Q p e r  square.  

3.7 E Y I N G  

The web travels from t h e  p l a t i n g  s e c t i o n  t o  t h e  s i l i c o n e  coa t ing  s e c t i o n  

through a drying tower. The drying tower prepares  t h e  p l a t e d  material f o r  

t h e  subsequent shea th  l a y e r  by removing any remaining w a t e r .  

t i m e  of t h e  tower i s  12 minutes and it i s  heated t o  between 110 and 125 F 

by h e a t  lamps. 

du r ing  t h e  runs i n  February. 

The res idence  , 

The p la t ed  material w a s  d r i e d  adequately i n  t h i s  s e c t i o n  

3 . 8  S I L I C O N E  PRIME COAT 

A f t e r  drying,  t h e  material was r i n s e d  wi th  to luene  conta in ing  a wet t ing  

agent  (Rohm & Haas XlOO),and then  primed wi th  a d i l u t e  s o l u t i o n  of s i l i c o n e  

rubber  as descr ibed  i n  t h e  last qua r t e r ly  repor t .  

-- 

This a f f o r d s  an in t e r im  
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protection to the copper plate until the final coating can be done. 

3 . 9  SILICONE SHEATJ3 

After primer curing, the material was coated with a final RTV silicone 

rubber sheath coating. The total weight gain of the prime coat and sheath 

was approximately 30 to 40 per cent. This part of the process ran satis- 

factorily. 

It was necessary to introduce a new unwind station between the drying 

towers to coat the material. During this operation, the curing tunnel 

temperature reached approximately 160 F. The residence time in the tunnel 

was approximately 12 minutes. One pass through the curing tower was not 

sufficient to completely cure the RTV rubber. Therefore, to eliminate any 

future surface blocking in the r o l l ,  the material was passed through the 

drying tunnel twice. 

3.10 END CAP ASSEMBLY -- 
Two spherical segments were made from the material processed during 

the month of January and February. Figure 2 is a drawing of these end 

caps. Their approximate dimensions are 26 feet in diameter. These were 

shipped to NASA Goddari and will be tested on a fixture in July for RF 

reflectivity characteristics. 

These end caps were made utilizing a bitape seam configuration as 

shown in Figure 2 using 2/8-inch wide GT-300 tape. The tape was 0.15-mil 

Mylar by 1-mil adhesive. 

G. T. Schjeldahl Co. -10- 
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4.0 FUTUREPLANS 

A thorough examination of t h e  h e a t  treatment s t e p  w i l l  be made t o  

determine optimum processing condi t ions.  

of weave s t y l e s  w i l l  be made t o  determine a p p l i c a b i l i t y  t o  t h i s  program. 

Weave set w i l l  be s tud ied  t o  determine if it i s  poss ib l e  t o  in t roduce  a r e s i n  

or coat ing  of some na tu re  t h a t  w i l l  e f f e c t i v e l y  e l imina te  or negate  t h e  

necess i ty  of a char r ing  s t ep .  

An inves t iga t ion  of o t h e r  types 

A seam study w i l l  be s t a r t e d  t o  examine t h e  

. means of f a b r i c a t i n g  hardware. This s tudy  w i l l  explore  t h e  use  of con- 

duc t ive  seams. 

t h i s  run,  such as t e n s i l e ,  r i g i d i t y ,  bend-radius, and t e n s i l e  tests. 

Fur ther  tests w i l l  be made on t h e  material used during 

Calculat ions have begun t o  determine a more accu ra t e  d e f i n i t i o n  of t h e  

design c r i t e r i a  for a 425 f t .  diameter sphere.  

1 

G. T. Schjeldahl  Co. 
. .  

-11- 



o\ 

. 
3 i  .- 

, I  

.A. 

E 
% 
4 

6 

,. . . r; . .  
t *' 

o j  
E 

Ir) 
a 
t-d 
0 
0 
c c > .  
I 

F 
1 

- 1  

- J 

5 
I I 

LJ 

I F J  E 
5 .  
w 
D! 

* I L J  
I 
LL 
J w cn 

I 



'd t '  
.I. . L 

L 
c 

\x x \E3 A 54 

9 

D R Y I N G  

d .  
' J  

i3 
' 2  

3 

3 
. !  

R 
1 c 

L? 
G 

t 
k 
C 

3 3 



. .  I""/ 
r 

Y 

I 

I 

& 

1J 
d 
2 

d a 

3 
ts1 
u l -  


