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FOREWORD 

T h i s  r e p o r t  summarizes t h e  Thermal D i s t o r t i o n  Program f o r  t h e  

SO82 I n s t r u m e n t s  d u r i n g  t h e  Skylab  M i s s i o n s .  Th i s  document con-  

s i s t s  o f  f i v e  (5)  volumes and was p r e p a r e d  by B a l l  B r o t h e r s  

Research  C o r p o r a t i o n ,  Bou lde r ,  Co lo rado ,  f o r  t h e  Naval Resea rch  

L a b o r a t o r y ,  Washington,  D C ,  under  C o n t r a c t  No. ~ 0 0 0 1 4 - 6 7 - C - 0 4 7 0 .  

The a u t h o r i t y  f o r  t h i s  document i s  BBRC P r o p o s a l  C-474 which was 

added t o  t h e  c o n t r a c t  by C o n t r a c t  M o d i f i c a t i o n  P00055. 
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S e c t i o n  1 

INTRODUCTION 

The purpose  o f  t h i s  r e p o r t  i s  t o  d e s c r i b e  t h e  development  and u s e  

o f  t h e  t h e r m a l  d i s t o r t i o n  computer programs used  t o  analyze t h e  

t h e r m a l  pe r fo rmance  o f  t h e  Naval Resea rch  Labora to ry  S-082A and 

S-082B I n s t r u m e n t s  d u r i n g  t h e  Skylab  m i s s i o n s .  

The programs were deve loped  f o r  t h e  p u r p o s e  o f  p r o v i d i n g  n e a r  r e a l -  

t ime  t h e r m a l  d i s t o r t i o n  d a t a  from which s c i e n t i f i c  d a t a  a c q u i s i t i o n  

d e c i s i o n s  c o u l d  be  made d u r i n g  t h e  Skylab  m i s s i o n s .  I n  a d d i t i o n ,  

t h e  t h e r m a l  d i s t o r t i o n  d a t a  g e n e r a t e d  d u r i n g  t h e  m i s s i o n s  would be  

u s e f u l  f o r  p o s t - m i s s i o n  s c i e n t i f i c  d a t a  a n a l y s i s .  



S e c t i o n  2 

THERMAL PROGRAM DESCRIPTION 

2 .  P SUMMARY 

The t h e r m a l  d i s t o r t i o n  programs f o r  S082A and B were deve loped  f o r  

t h e  pu rpose  o f  p r o v i d i n g  n e a r  r e a l - t i m e  t h e r m a l  d i s t o r t i o n  d a t a  from 

which d a t a  a c q u i s i t i o n  d e c i s i o n s  c o u l d  be made d u r i n g  t h e  Sky lab /  

ATM m i s s i o n s .  I n  a d d i t i o n ,  t h e  d i s t o r t i o n  d a t a  g e n e r a t e d  d u r i n g  t h e  

m i s s i o n s  would be u s e f u l  f o r  p o s t  m i s s i o n  s c i e n t i f i c  d a t a  a n a l y s i s .  

The f i r s t  p u r p o s e  was n o t  t o t a l l y  r e a l i z e d  because  t h e  r e q u i r e d  

Skylab  t e l e m e t r y  d a t a  t a p e s  were n o r m a l l y  n o t  a v a i l a b l e  f o r  u s e  

u n t i l  5 t o  6 days  a f t e r  t h e  d a t a  a c q u i s i t i o n  d a t e .  I n  a d d i t i o n ,  

d u r i n g  t h e  Skylab  SL-1/SL-2 m i s s i o n  no t h e r m a l  d i s t o r t i o n  program 

runs  from Skylab  t a p e  were made because  o f  program problems caused  

o r  a g g r a v a t e d  by d a t a  fo rma t  changes ,  t a p e  r e a d  r o u t i n e  changes ,  

m i s s i n g  d a t a  and n o i s e  on t h e  t a p e s .  S e v e r a l  computer r u n s  were 

made u s i n g  d a t a  from t h e  r e a l - t i m e  o r  MDRS c o n s o l e s  a t  Johnson 

Space Cen te r .  The d a t a  was t r a n s m i t t e d  t o  MSFC,hand punched on 

c a r d s  and i n p u t  t o  t h e  t h e r m a l  d i s t o r t i o n  program. The r e s u l t s  
- -. - . - . - 

o f  t h e s e  r u n s  a r e  i n c l u d e d  i n  Appendix A ;  A - 1  and A - 2 ' .  

A l l  program problems were s o l v e d  d u r i n g  t h e  p e r i o d  between Skylab  

SL-1/SL-2 and t h e  e a r l y  p a r t  o f  t h e  SL-3 m i s s i o n .  T h i r t e e n  the rma l  

d i s t o r t i o n  r u n s  were made f o r  each  i n s t r u m e n t  d u r i n g  t h e  SL-3 

m i s s i o n .  A run  l i s t  and d a t a  summary a r e  i n c l u d e d  i n  Appendix A ;  

A-3. 



Ten t h e r m a l  d i s t o r t i o n  program r u n s  were made t o  a n a l y z e  t h e  

the rma l  pe r fo rmance  o f  t h e  S082A i n s t r u m e n t  d u r i n g  t h e  SL-4 m i s s i o n .  

Run t i m e s  and a  d a t a  summary a r e  i n c l u d e d  i n  Appendix A ,  A-4. 

F o r t y - n i n e  S082B t h e r m a l  d i s t o r t i o n  computer program r u n s  were 

made d u r i n g  t h e  SL-4 m i s s i o n .  The r u n s  i n c l u d e d  27 o r b i t s  d u r i n g  

t h e  Comet Kohoutek o b s e r v a t i o n s  and s e v e n  o r b i t s  d u r i n g  t h e  f u l l  

s u n l i t  o r b i t s .  The r u n  t i m e s  and a  d a t a  summary a r e  i n c l u d e d  i n  

Appendix A ,  A-4.  

The t h e r m a l  d i s t o r t i o n  p a r a m e t e r  p l o t s  a r e  c o n t a i n e d  i n  Volume 1 1 ,  

111, IV, and V .  Volume I 1  c o n t a i n s  p l o t s  f o r  a l l  Skylab  m i s s i o n s  

f o r  S082A. Volume I 1 1  c o n t a i n s  p l o t s  f o r  Skylab  SL-3 m i s s i o n  DOY 

219 th rough  DOY 251 f o r  S082B. Volume IV and V c o n t a i n  p l o t s  f o r  

SL-4 f o r  S082B. 

2 . 2  DISCUSSION 

F i g u r e s  1 and 2 p r o v i d e  a  b l o c k  d iag ram and f low c h a r t  of t h e  

t h e r m a l  d i s t o r t i o n  program. The b a s i c  b u i l d i n g  b l o c k s  o f  t h e  

program a r e  t h e  t h e r m a l  a n a l y t i c a l  models used  i n  t h e  t h e r m a l  

d e s i g n  a n a l y s e s  and t h e  s t r u c t u r a l  models used  f o r  s t r e s s  and 

dynamics a n a l y s e s .  The t h e r m a l  model node breakdown f o r  S082A 

i s  d e p i c t e d  i n  F i g u r e s  3 t h r o u g h  10 .  The S082A s t r u c t u r a l  model 

i s  shown i n  F i g u r e  11. The S082B t h e r m a l  model node breakdown i s  

g iven  i n  F i g u r e s  1 2  t h rough  2 2  and t h e  S082B s t r u c t u r a l  model i s  

shown i n  F i g u r e  23. 

The t h e r m a l  and s t r u c t u r a l  models were upda ted  t o  t h e  f l i g h t  

hardware  c o n f i g u r a t i o n  and t h e  t h e r m a l  a n a l y t i c a l  p r e d i c t i o n s  

compared w i t h  d a t a  from t h e  f l i g h t  u n i t  t e s t s  r u n  a t  Johnson 

Space C e n t e r .  Appendix B p r o v i d e s  a  d e s c r i p t i o n  o f  t h e  t a s k s  

per formed i n  d e v e l o p i n g  t h e  s t r u c t u r a l  p a r t  o f  t h e  t h e r m a l  d i s -  

t o r t i o n  program. Thermal i n p u t  t o  t h e  program c o n s i s t s  o f  node 

t e m p e r a t u r e s  f o r  each  node d e s c r i b i n g  t h e  i n s t r u m e n t  t h e r m a l  

model. 
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The adequacy o f  t h e  t h e r m a l  model t o  p r e d i c t  i n s t r u m e n t  tempera-  

t u r e s  was checked by comparing c a l c u l a t e d  i n s t r u m e n t  t e m p e r a t u r e s  

computed u s i n g  t h e  t h e r m a l  model and env i ronmenta l  t e m p e r a t u r e s  

from t h e  f l i g h t  u n i t  t e s t s  w i t h  c o r r e s p o n d i n g  i n s t r u m e n t  p robe  

t e m p e r a t u r e s  measured d u r i n g  t h e  t e s t .  

The model was upda ted  by modify ing  t h e  r a d i a t i o n  exchange f a c t o r s ,  

conductances  e t c .  u n t i l  t h e  c a l c u l a t e d  mean c a s e  t e m p e r a t u r e s  

ag reed  w i t h  t h e  c a s e  t e m p e r a t u r e  computed by a v e r a g i n g  t h e  tempera-  

t u r e  p robe  d a t a  from t h e  f l i g h t  u n i t  t e s t s .  The c r i t e r i a  f o r  

agreement was approx imate ly  0 . 2 ' ~  f o r  t h e  two t e s t s  r u n  a  JSC. 

This  0 . 2 ' ~  c o r r e s p o n d s  t o  10 p e r c e n t  o f  t h e  a l l o w a b l e  de focus  f o r  

t h e  S082B and abou t  2.5 p e r c e n t  of  t h e  a l l o w a b l e  de focus  f o r  S082A. 

Th i s  e r r o r  was r educed  i n  t h e  f l i g h t  a n a l y s e s  because  i n  t h e  

a n a l y t i c a l  development  p r e v i o u s l y  d e s c r i b e d ,  a l l  i n s t r u m e n t  c a s e  

t e m p e r a t u r e s  were c a l c u l a t e d  f o r  an i n p u t  env i ronmenta l  t e m p e r a t u r e  

d i s t r i b u t i o n ,  whereas i n  t h e  f l i g h t  a n a l y s e s ,  t h e  measured i n s t r u -  

ment t e m p e r a t u r e s  were a l s o  i n p u t  a s  s p e c i f i e d  t e m p e r a t u r e s .  

Twelve o f  t h e  6 4  i n s t r u m e n t  c a s e  node t e m p e r a t u r e s  f o r  S082A and 

25 o f  t h e  84 i n s t r u m e n t  c a s e  node t e m p e r a t u r e s  f o r  S082B were 

f l i g h t  measurements.  

The t o t a l  the rmal  models c o n s i s t e d  of  215 nodes f o r  S082A and 3 4 4  

nodes f o r  S082B. F o r t y - t h r e e  probe  t e m p e r a t u r e s  f o r  S082A and 119 

p robe  t e m p e r a t u r e s  f o r  S082B, i n c l u d i n g  q u a d r a n t  env i ronmenta l  

t e m p e r a t u r e s  were r e a d  from Skylab t a p e  a t  0.025 hour  (1 .5  minute)  

i n t e r v a l s  d u r i n g  e a c h  o r b i t .  These d a t a  were i n p u t  t o  t h e  t r a n s i e n t  

t h e r m a l  a n a l y s i s  program a s  t ime dependent  s p e c i f i e d  t e m p e r a t u r e  

t a b l e s .  The o u t p u t  o f  t h i s  t r a n s i e n t  t h e r m a l  a n a l y s e s  program i s  

t h e  the rmal  model node t e m p e r a t u r e / t i m e  a r r a y ,  T t ,  o f  F i g u r e  2 .  

The t e m p e r a t u r e / t i m e  a r r a y  T t ,  f o r  e a c h  o u t p u t  t ime i n t e r v a l ,  

no rmal ly  0.05 hour ( 3  minute)  i s  i n p u t  t o  t h e  o p t i c a l  d i s t o r t i o n  

m a t r i x  m u l t i p l i c a t i o n  program ( F i g u r e  2) which g e n e r a t e s  t h e  

i n s t r u m e n t  o p t i c a l  d i s t o r t i o n  p a r a m e t e r s  a t  e a c h  t ime  i n t e r v a l .  

The o p t i c a l  t h e r m a l  d i s t o r t i o n  p a r a m e t e r s  a r e  o u t p u t  i n  b o t h  



t a b u l a t e d  and p l o t t e d  f o r m a t .  .The  t h e r m a l  d i s t o r t i o n  p a r a m e t e r  

p l o t s  f o r  a l l  S082A and S082B program r u n s  made d u r i n g  t h e  Skylab  

m i s s i o n s  a r e  i n c l u d e d  i n  Volumes I1 th rough  V o f  t h i s  r e p o r t .  

The t a b u l a t e d  d a t a  i s  s t o r e d  i n  t h e  SO82 p r o j e c t  f i l e s .  

The t h e r m a l  d i s t o r t i o n  s i g n  c o n v e n t i o n ,  and maximum a l l o w a b l e  

t h e r m a l  d i s t o r t i o n s  a r e  shown i n  F i g u r e s  24 and 25 and Tab le  1 

f o r  S082A and i n  F i g u r e s  26 and 2 7  and Tab les  2 and 3 f o r  S082B. 
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Figure 2 NRL Thermal Distortion Analysis 
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Figure 7 NRL-A Spectroheliograph Node Numbers 
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Figure 8 NRL-A Spectroheliograph Node Numbers Cover and Bottom 



Figure  9 NRL-A Spec t rohe l iog raph  Node Numbers 



Figure .10 NRL-A Spectroheliograph Camera Node Numbers 



F i g u r e  11 S082A S t r u c t u r a l  Model 
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Figure 18 NRL B Spectrograph and X W  Monitor-Interior Nodes 



Figure  1 9  NRL B Spec t rograph  and XUV Monitor  I n s u l a t i o n  Nodes 
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Figure 2 2  ATM Rate Gyro Nodes 



Figu re  2 3  NRL-B Spec t rograph  and XUV Monitor  S t r u c t u r a l  Model 
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I ior izontal  Movement : P o s i t i v e  No. i n d i c a t e s  image movement i n  t h e  +Z d i r e c t i o n  
r e l a t i v e  t o  the  f i l m  p lane .  

I 
Figure  2 4  D i s to r t i . on  Sign Convention 



CONCAVE GRATING 
SUN'S RAYS 
_L 

POSITION: 50. L !n  

SPECTRAL IMAGES 
FOCUS ON FILM IN THIS 
CURVED PATTERN 

OPTICAL SCHEMATIC 
DIMENSIONS ARE IN INCHES 

POSITION: k0.050 
SMEAR: 0.002/5 MIN 

S-082A 

Figure 25 S 0 8 2 A  ~ ~ e c t r o h e l i o ~ r a p h , ,  Maximum Allowable Thermal Distortions 



Focus 

Table 1 
S082A SPECTROHELIOGRAPH 

OPTICAL IMAGE TOLERANCES FOR THERMAL DISTORTION 

Solar Image on Film 

Tolerance 

Accuracy 

(X-XO) Image on Film 

t0.20 mm t0.008 inch 

ko.05 k0.002 

Basis 

t8.0°F DGPS 

k2. O°F 

Horiz. Position (Z-Zo) Image on Film AT Hor. 

Tolerance 2' arc-seconds Solar Image kl'. 25 mm 20.050 inch 213. O°F Estimate 

Accuracy - 
W 
P Vert. Position (Y-Yo) Image on Film AT Vert. 

Tolerance 2 arc-seconds Solar Image k1.25 mm t0.050 inch + 5.S°F Estimate 

Accuracy 

Horiz. Smear A(Z-Zo) in 5 Minutes ' AAT/5 Min. 

Tolerance . 5 arc-seconds/5 Minutes 0.05 mm 0.002 inch 0. S°F DGPS 

Accuracy 

~ e r t .  Smear A(Y-yo) in 5 Minutes A A T / ~  Min. 

Tolerance 5 arc-secbnds/5 Minutes 0.05 mm 0.002 inch 0. 2Z°F DGPS 

Accuracy kO.012 kO.0005~ k O.OS°F 

* T ~  = Calibration Temperature = OF 





OPTICAL SCHEMATIC PRIMARY MIRROR 
OFF AXIS PARABOLOID 

DIMENSIONS ARE IN INCHES 

POSITION: k0.040 
SMEAR: 0.001/15 MIN S - 0 8 2 ~  SMEAR: 0.010/15 MIN. 

Figu re  27 S082B Spec t rog raph ,  Maximum Allowable Thermal D i s t o r t i o n s  



Table  2 
S082B Spec t rograph  and XUV Monitor  

O p t i c a l  Image Tole rances  f o r  Thermal D i s t o r t i o n  

Sun Image o n '  S l i t  P l a t e  

Focus (X-Xo) Sun Image ,. T- T ~ *  - Ba's is  - 
T o l e r a n c e  2.5 a r c - s e c  Image..Blur 20% 126 mm +0.005 i n c h  k9.6OF D&PS 

Accuracy k0.025 k0 .001  +2.0°F 

Hor i z .  P o s i t i o n  (Y-Yo) Sun - Image AT Hor. 

T o l e r a n c e  - +5 a r c - s e c  on S o l a r  Image 40.025 mm k0.001 i n c h  +2 .  S°F Co-Align 
Accuracy k0 .010 +0.0004 + 1°F HCO 

Vert. P o s i t i o n  (2-2,) Sun Image AT V e r t .  

T o l e r a n c e  - +15 a r c - s e c  on S o l a r  Image k0.075 mm 50.003 i n c h  2 2 .  S°F 

Accuracy ., - k0.030 20.0012 + 1°F  

H o r i z .  Smear 

T o l e r a n c e  2.5 a r c - s e c / 5  Minutes  

Accuracy 

V e r t .  Smear 

T o l e r a n c e  15  a r c - s e c / 5  Minutes  

Accuracy 

1, 
To = C a l i b r a t i o n  t e m p e r a t u r e  = 6 9 . 8 ' ~  

A(Y-Yo) i n  5' Minutes  AAT/5 Min. 

0.0125 mm 0.0005 i n c h  k 1 .  2S°F 

*0.005 +0.0002 *0. S°F 

A(Z-Z,) i n  5 Minutes  AAT/5 Min. 

0 .075 mm 0 .003  i n c h  2. S°F 

*O ,025  +0 .001 *0.8OF 

Co-Align (@I 
HCO 

E s t .  



Table 3 
NRL-B O p t i c a l  Image T o l e r a n c e s , f o r  Thermal D i s to r t i ' on  

S l i t  Image on Film 

Focus - (X-X ) Image on Film T - T ~ *  Bas is  - 
Tolerance  6 v Image Blur  i0:076 mm 20.003 inch  *1.Z0F D&PS 

Accuracy i0 .025 20 .001 *0.4OF 

Horiz .  P o s i t i o n  

Tolerance  

Accuracy 

Vert. P o s i t i o n  
W 
WI Tolerance.  

Accuracy 

(Y-Yo) Image -on Film 

1 . 0  mm '0.04 i nch  - 

AT Hor. 

* 13OF Es t imate  

*O .25 k0.01 * 3°F (Conservat ive)  

(Z-Zo) Image 'on Film AT Ver t .  

i 0 . 3  mm 20.012 inch  21.3OF Es t imate  

i 0 . 1  20.004 20. 4OF 

Horiz .  Smear A(Y-Yo) Image on F i l n l l S  Min AAT/lS Min. 

Tolerance  25 p/15 Minutes 0.025 mm 0.001 inch  0.33OF D&PS 

Accuracy i0 .005 20.0002 20.07OF 

Ver t .  Smear A(Z-Zo) Image on F i lm/ l5  Min AAT/15 Min. 

Tolerance  250 p/15 Minutes 0.25 m 0.010 inch 1. 1°F DIPS 
. . 

Accuracy *O.OS 20.002. k0.2OF 

T - c a l i b r a t i o n  tempera ture  = 69.8OF 
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INTEROFFICE 
MEMORANDUM 

TO': M .  W .  Frank NO:  B5502 73.026 

FROM : R.  R .  Anderson DATE: 26 June  1973 

SUBJECT: SKYLAB 1/ 2 THERMAL DISTORTION C C :  See D i s t r i b u t i o n  
ANALYSIS, ~ 0 8 2 ~  6 B 

The a t t a c h e d  r e p o r t  was w r i t t e n  a t  t h e  conc lus ibn  o f  t h e  Skylab 1/2. 

miss ion.  The r e p o r t  d e s c r i b e s  t h e  work accomplished du r ing  t h e  

miss ion and t h e  s t a t u s  of  t h e  thermal d i s t o r t i o n  p.rograms a t  .miss ion  

end--June 2 2 ,  1973. 

R .  R.  R i s i n g e r  has informed me t h a t  s i n c e  June 2 2  he has  made t h e  

neces sa ry  r e v i s i o n s  t o  t h e  t a p e  read  l o g i c  s o  t h a t  t h e  thermal  

d i s t o r t i o n  programs can be  run  from e i - the r  f i x e d  format  o r  compressed 

format Engineer ing Uni t  Conversion tapes  o r  u s e r  t a p e s .  However, 

a  run us ing  t h e  compressed d a t a  t a p e  i n d i c a t e s  t.hat n e g a t i v e  n o i s e  

s p i k e s  were s u f f i c i e n t  i n  number t o  cause  problems i n  t h e  d a t a  

smoothing r o u t i n e .  Add i t i ona l  l o g i c  had t o  be  added t o  t h e  program 

t o  e l i m i n a t e  n e g a t i v e  going n o i s e  sp ikes  from t h e  d a t a .  Logic t o  

e l i m i n a t e  p o s i t i v e  s p i k e s  and t o  d e l e t e  t he  1 x  l o 6  v a l u e s  i n s e r t e d  

by t h e  MSFC programs i n  p l a c e  of miss ing d a t a  p r e v i o u s l y  had been 

added t o  t h e  program. The necessary  program changes have been made 

and checkout runs w i l l  b e  run  t h i s  week. The program run t ime us ing  

compressed d a t a  t apes  i s  approximately twice  t h a t  r e q u i r e d  f o r  f i x e d  

format t a p e s ,  i . e .  -10 minutes f o r  S082A and -18 minutes  f o r  S082B 

p e r  o r b i t .  Normally f i x e d  format t apes  w i l l  b e  used du r ing  t h e  

miss ion .  I n  a d d i t i o n ,  R i s i n g e r  i s  cont inu ing  t h e  e f f o r t  t o  check 

o u t  t h e  thermal  d i s t o r t i o n  program p l o t t i n g  r o u t i n e .  



335502 73 .026  - 2 -  26 J u n e  1973 

Because o f -  t h e  n e c e s s i t y  o f  add ing  a d a t a  smoothing r o u t i n e  t o  t h e  

t a p e  r ead  p rogram-- to  e l i m i n a t e  n o i s e  s p i k e s  and mi s s ing  d a t a - - i t  

may neve r  b e  p o s s i b l e  t o  r e a d  aper tu - re  open and c l o s e  d a t a  and PRS 

o p e r a t i n g  t imes  from t a p e s .  These d a t a  a r e  needed t o  p r o p e r l y  i n p u t  

t h e  exper iment  h e a t  f l u x e s  t h a t  a r e  f u n c t i o n s  of  a p e r t u r e  and PRS 

o p e r a t i o n .  Manual i n p u t  of a p e r t u r e  open and c l o s e  t imes  and PRS 

o p e r a t i o n  by punched c a r d  w i l l  b e  s u b s t i t u t e d .  

We a n t i c i p a t e  t h a t  a l l  programs w i l l  b e  checked o u t  and a v a i l a b l e  

f o r  use  a t  HOSC and S l i d e l l  d u r i n g  t h e  Skylab 3 mission..  

R .  R .  Anderson 
S e n i o r  Member Techn ica l  S t a f f  

A t  tachmen t 

D i s t r i b u t i o n :  J .  E .  B u t l e r  
D .  W. Ferguson 
L'. Frobom 
J. H. 'Guy . ' 

R. E .  Hass ig  
C .  ' E .  Noble 
R.  R .  R i s i n g e r  
L'. L .  Schlage.1 
W. R .  S i d l e  
P.  A.  S l i ngsby  
R. H.  Grunz 



THERMAL DISTORTION ANALYSIS 
SKYLAB 1 / 2  REPORT 

Thermal d i s t o r t i o n  a n a l y s i s  of  t h e  S082A and B exper iments  
du r ing  t h e  Skylab 1 / 2  miss ion  has  been plagued by program 
problems caused  o r  aggrava ted  by d a t a  format  and t a p e  r e a d  
r o u t i n e  changes ,  m i s s ing  d a t a  and n o i s e  on t h e  t a p e .  

C o r r e c t i o n  o f  thes'e problems r e q u i r i n g  program changes has  
been hampered by t h e  HOSC computer o v e r l o a d .  P r i 0 r i t . y  t o  
r un  program checkout  r e q u i r e d - n e g o t i a t i o n  w i th  t h e  d a t a  
manager f o r  each run .  Computer t u rn - a round  t ime f o r  checkout  
o r  p r o d u c t i o n  runs  v a r i e d  from a  few minutes  t o  36 h o u r s .  
The ave rage  . t u rn - a round  time was 10 - 1 2  hours .  ( g e n e r a l l y  
o v e r n i g h t ) .  Th i s  problem has  l e s s e n e d  s i n c e  June  1 9 t h  and 
computer p r i o r i t y  has  been g r a n t e d  on r e q u e s t  w i t h  a  . t u r n -  
around t ime average  of  about  f o u r  (4)  hou r s .  

A t  t h i s  p o i n t  i n  t ime ,  t h e  the rmal  d i s t o r t i o n  a n a l y s e s  
programs canno t  be run  from t a p e  - w i t h  a  n o t a b l e  e x c e p t i o n  
t h a t  on J u n e  20, an NRL-A Thermal d i s t o r t i o n  a n a l y s i s  was 
run  from a  Engineer ing  Uni t  Conversion (EUC) f i x e d  fo rmat  
t a p e .  T h i s  r u n  used t h e  t a p e  f o r  Day 147-4 .  At tempts  t o  
run u s i n g  i d e n t i c a l  t ype  EUC t a p e s  from Days 161 and 165  
have f a i l e d  a l t hough  we have been a s s u r e d  t h a t  no t a p e  f o r -  
mat changes  have been made. R .  R .  R i s i n g e r  w i l l  work t h i s  
problem beginnilng June  2 1 ,  1973 .  

The computer programs were a b l e  t o , r e a d  t h e  f i x e d  fo rmat  
u s e r s  t a p e s  from t h e  F 1 i g h t ' u n i t . t e s t s  a t  JSC. A l l  programs 

' w e r e  checked o u t  a t  HOSC u s i n g  t h e s e  t a p e s  p r i o r . t o  t h e  
Skylab 1 / 2  m i s s ion .  A p a r t i a l  l i s t i n g  o f  t h e  checkout  r u n s  
i s  a t t a c h e d .  

C a p a b i l i t y  t o  r e a d  t h e  Skylab 1 / 2  u s e r s  t a p e s  r e q u i r e d  t h a t  
s e v e r a l  program changes be made. The major  program problems 
were caused  o r  aggrava ted  by d a t a  forinat and t a p e  r e a d  r o u t i n e  
changes m i s s i n g  d a t a  and n o i s e  s p i k e s  on t h e  t a p e s .  The 
s o l u t i o n s  t o  t h e s e  b a s i c  problems have been found a s  i n d i c a t e d  
by t h e  s u c c e s s f u l  NRL-A run  - b u t  o t h e r  problems e x i s t  s i n c e  
t h e  program w i l l  n o t  r e ad  an i d e n t i c a l  t y p e . t a p e  f o r  a d i f f e r -  
e n t  day: ' 

Completion o f  program checkout  r e q u i r e s  t h a t  s u f f i c i e n t  com- 
p u t e r  t ime  be  made a v a i l a b l e  t o  r u n  s e v e r a l  (4-5)  r u n s  p e r  day  
u n t i l  t h e  e r r o r s  a r e  found and e l i m i n a t e d .  The program de -  
bug t ime  i s  a  d i r e c t  f u n c t i o n  o f  computer a v a i l a b i l i t y  s i n c e  
s t e p w i s e  i s o l a t i o n  of program f a u l t s  i s  normal p rocedure .  



When the EUC tape read programs are operational, we plan to 
continue the programming effort to develope the thermal 
distortion parameter plotting routines and capability to 
run thermal distortion and parameter plotting. from the NRL 
User tapes (compressed data format). 

Thermal distortion analyses during the first Skylab mission 
(SL 1/2) were limited to manual runs wherin data from the 
real time or MDRS consoles was recorded at JSC and transmitted 
to MSFC by facsimile. Several runs were made using either 
fixed (single time) input data (which simulates steady state 
operation) or several points spread over a one orbit period 
(Transient operation). Distortion data from these runs was 
plotted or tabalated and transmitted to Bill Sidle at JSC. 
A listing of the runs made is attached. In addition to the 
thermal distortion runs listed, frequent reviews of the ex- 
periment thermal data available in Data Book Six (6) were 
done to assess the day to day thermal condition of the ex- 
periments. NRL-A has run consistantly colder than expected 
but within the mean temperature tolerance. NRL-B although in 
general colder than expect'ed has consistantly been within 
0.2 F of the temperature at alignment 69.8 F.' A few typical 
mean temperatures are listed in the table below. 

Mean temperatures and the allol\rable variation from the mean 
temperatures at alignment for the experiments are as follows: 

S082A 70 F + 8 F - FOCUS, SUN IMAGE ON FILM 

-- ---- SKYLABi 1/2 NRL-B (SO8ZB) TEMP 

S082B , 69.8 F + 1.2 F FOCUS, SLIT IMAGE ON FILM 
69.8 F - 9.6 F FOCUS, SUN IMAGE ON SLIT 

ALL TEMPERATURES F . 

NRL -v(S08 ZA) TEMP 

Thermal distortion analyses were run in support of A.R. 52 
updated, wherin cyclic.Qperation of the canister Thermal control 
system was proposed as part of the early mission power manage- 
ment solution. Six runs (orbits) were made for NRL-A and four 
runs were made for NRL-B. The results of these analysls are 
available in the BBRC Skylab thermal files and are described 
in the response to AR 52/AR 52 updated. 

A T 

-0.04 
+0.07 
-0.19 

MEAN 

68.09 
69.79 
68.71 
68.36 

ALIGN 

69.8 
69.8 
69.8 
69.8 

DAY 

148 
150 
154 
156 

ALIGN ' 
70.0 
70.0 
70.0 
70.0 

MEAN 

69.76 
69.87 
69.61 

A T .  

-1.91 
-1.21 
-1.29 
-1.64 



Therm.al D i s t o r t i o n  a n a l y s i s  program checkout  r uns  a t  HOSC 
(on ly  s u c c e s s f u l  r uns  l i s t e d ) .  

A l l  t h e  f o l l owing  runs  were made u s i n g  t h e  JSC F l i g h t  u n i t  
t e s t  u s e r s  t a p e  f o r  Day 213 #25012 and 25110 

DATE RUN IDENTIFICATION COMMENT 

5-2-73 NRL B C h e c k o u t . r u n . # l  Manual i n p u t  combining 
Houston t e s t  d a t a  and 
SIM d a t a  f o r  4-24-73 

. . SIM.1 o r b i t  

5-2-73 N R L B C h e c k o u t R u n # 2  Checks system c a p a b i l i t y  
t o  r e a d  Skylab u s e r s  t a p e  
from Houston t e s t  d a t a  
day 213 w i t h  61 e n t r y  
f l u x  and s p e c i f i e d  temp 
t a b l e s .  1 o r b i t  

5 -3 -73  NRL B Check Run t 3  Checks program c a p a b i l i t y  
t o  d e l e t e  s e l e c t e d  p robe  
d a t a  from t a p e  i n p u t .  
S imu la t e  probe f a i l u r e  
a l s o  checks h e a t e r  (TCS) 
f a i l u r e .  

5 -3 -73  NRL B check run  # 4  Checks program f a i l e d  
h e a t e r  probe f u n c t i o n  
w i t h  h e a t e r  n o t  f a i l e d .  

5-4-73 NRL B check run  # 5  A Checks program manual 
and 5 B i n p u t  o f  add on p o s i t i v e  

and n e g a t i v e  h e a t  f l u x  
t a b l e s .  

5-4-73 , NRL B r un  #6 Checks program manual 
i n p u t  of  add-on f l u x e s  
and d e l e t i o n  o f  nominal  
d a t a  deck f l u x e s .  Checks 
c a p a b i l i t y  t o  s i m u l a t e  
f a i l u r e  o f  an e l e c t r o n i c  
box o r  o t h e r  h e a t  p r o -  
duc ing  component w i t h -  
o u t  d i s t u r b i n g  nominal  
d a t a  deck s e t u p .  



DATE RUN IDENTIFICATION COMMENT 

5-4-73 NRL B check run #7 Checks program function 
which replaces nominal 
data deck initial temp-. 
eratures file with a card 
input file. 

5-7-73 NRL A check run Checks program manual in- 
put of add-on ,flux 
deleting nomlnal data 
deck tables. 

I 

RUNS LISTED BELOW USE MANUAL DATA INPUT/NO DATA TAPE 

5-28-73 NRL B ATM TCS Power Re-run at HOSC to check 
Management Thermal program tape #33106 
Distortion Analysis 
Orbit 4 

5-28-73 NRL A ATM TCS Power Re-run at HOSC to check 
Management Thermal program tape #33106 
Distortion Analysis 
Orbit 6 

6-1-73 NRL B ATM TCS Power Re-run at Slide1 to check 
Management Thermal capability to run and to 
Distortion Analysis check program tape #99998, 
Orbit' 4 

6-1-73 NRL A ATM TCS Power Re-run at Slide1 to check 
Management Thermal capability to run and to 
Distortion Analysis check program tape #99998. 
Orbit 6 



Production Runs' SL 1/2 Mission Support 

DATE RUN IDENTIFICATION CObfbIENT 
. . 

5-25-73 NRL A ATM TCS Power 6 runs in support of AR 52/ 
thru . Management Thermal AR 52 updated. 
5-27-73 Distortion Analysis 

Orbit 1 thru 6 

5-26-73 NRL B ATM TCS Power 4 runs in support of AR 52/ 
. AR 52 updated thru Management Thermal 

5-27-73 Distortion Analysis 
Orbit 1 thru 4 

PRODUCTION RUNS: SL 1/2 MISSION SUPPORT (ONLY SUCCESSFUL 
RUNS LISTED) 

5-31-73 NRL A Fixed Point Manual input from data . . 

Thermal Distortion supplied by Sidle results 
Day 150 transmitted to Si.dle.' 

5-31-73 NRL B Fixed Point Same as above. 
Thermal Distortion 
Analysis, Day 150 

6-3-73 NRL A Fixed Point Manual input from data 
Thermal Distortion supplied by Sidle - Results 
Analysis Day transmitted to Sidle. 

6-3-73 NRLBFixedPoint Same as above. 
Thermal Distortion 
Analysis Day 

6-7-73 NRL A Transient Thermal Manual 8 point input table 
Distortion Analysis ; supplied by Sidle - Results 
Day 156:6:43:44 plotted and transmit.ted 

6-7-73 NRL B Transient Thermal Same as above. 
Distortion Analysis; 
Day 156:6:43:44 

6-15-73 NRL A Transient Thermal Similar to "A" run on 
Distortion Analysis; 6-7-73 - Heat Flux tables 
Day 156:6:43:44 corrected. Used to check 
Revised Flux Tables out program at Slidell. 



TO: M .  IV. Frank 

FROM: R .  R .  Anderson X4221 

620-238 
L!ol. 1 

INTEROFFICE 
MEMORANDUM 

SUBJECT: S082A 6 B THERMAL PERFORWXCE 
SUMMARY SKYLAB 1 / 2  MISSION 

NO: . B5502 73.028 

DATE: 2 J u l y  1973 

CC: J .  E .  B u t l e r  
R .  H .  Grunz 
C .  E .  Noble 
1V. R .  S i d l e  
N. L .  Va l en t ine  

The a t t a c h e d  t a b l e s  and curves  summarize t h e  thermal  performance o f  

t h e  S082A and B exper iments  du r ing  t h e  Skylab 1 / 2  m i s s ion .  

Thermal d i s t o r t i o n  ana lyses  du r ing  t h i s  m i s s  ion  were l i m i t e d  t o  manual 

runs wherein  d a t a  fr.om t h e  r e a l  t ime o r  MDRS. conso les  was r eco rded  

a t  JSC and t r a n s m i t t e d  t o  MSFC by f a c s i m i l e .  S e v e r a l  r uns  were mad6 

us ing  e i t h e r  f i x e d  p o i n t  ( s i n g l e  t ime)  i n p u t  d a t a  (which s i m u l a t e s  

s t e a d y  s t a t e  ope ra t i on )  o r  s e v e r a l  d a t a  p o i n t s  s p r e a d  o v e r  a  one 

o r b i t  p e r i o d .  D i s t o r t i o n  d a t a  from these  runs  were t a b u l a t e d ,  f o r  

s t e a d y  s t a t e ,  o r  p l o t t e d  f o r  t r a n s i e n t  o p e r a t i o n .  The t a b u l a t i o n s  

and p l o t s  a r e  a t t ached .  . 

Thermal d i s t o r t i o n  ana lyse s  we're run i n  s u p p o r t  of  AR52/AR52 upda ted ,  

wherein  c y c l i c  o p e r a t i o n  of t h e  c a n i s t e r  -thermal c o n t r o l  sys tem was 

proposed '  as  p a r t  o f  t h e  e a r l y  miss ion  power management s o l u t i o n .  ' S i x  

runs ( o r b i t s )  were made f o r  NRL-A and f o u r  runs wete  made f o r  NRL-B.  

The p l o t t e d  r e s u l t s  o f  t h e  f i r s t  and l a s t  o r b i t s  of  each  s e t .  a r e  . 

a t t a c h e d .  

These r e s u l t s  t o g e t h e r  w i t h  f r e q u e n t  reviews of r e a l  t ime  tempera ture  

d a t a  (no t  t a b u l a t e d ) .  i n d i c a t e d  t h a t  a t  no t ime d u r i n g  t h e  mi s s ion  d i d  

t h e  exper iments  exceed t h e  image focus  o r  smear requ i rements .  

R .  R .  Anderson 
S e n i o r  Member Technical  S t a f f  

Attachments 



S082A - Skylab 1 / 2  

FIXED POINT THERMAL DISTORTION . . 

(Steady S t a t e )  

O r b i t  Day 

1. Focus Sun Image on Film 

Righ t  -1.49 -1.57 x +8 x 10 
- 3  

L e f t  -1 .63  x 1 . 7 2  x t 8  x 1 0 ' ~  

2 .  H o r i z o n t a l  P o s i t i o n :  
Sun Image on Fi lm 

-7 .69 -7 .63  x +SO x 10 - 3  
Righ t  

L e f t  -7 .94  -7 .88 x l o m 3  + S O  x 

3. V e r t i c a l  P o s i t i o n :  
Sun Image on Fi lm 

Righ t  

L e f t  

. . 
A l l  Dimensions Inches  



S082B - S k y l a b  1 / 2  

FIXED POINT THERbL4L DISTORTION 

( S t e a d y  S t a t e )  

O r b i t  Day 

150 1 5 4  Allowab l e  

Sun Image on S l i t  Focus -0 .04  x l o - 3  0 .06  x 1 0 - ~  t 5  x  10 - 3  

P o s i t i o n ,  H o r i z o n t a l  0 .47 x 0.54 x  l o e 3  t 3  x 10  - 3  

P o s i t i o n ,  V e r t i c a l  -0 .99  - 0 . 3 3  2 1  

S l i t  Image on  F i l m  

Focus ,  R i g h t  -0 .65  x  - 0 . 3 7  t 3  1 0  - 3  

Focus ,  Lef t  -0 .87  x - 0 . 5 9 ~ 1 0 ‘ ~  t 3 x 1 0  - 3  

S l i t  Image o n  F i l m  . 

P o s i t i o n ,  V e r t i c a l  

R i g h t  

Lef t  

S l i t  Image on  F i l m  

P o s i t i o n ,  1 3 o r i z o n t a l  

R i g h t  . - 0 . 9 8 ~  l o e 3  -1 .09  x 2 4 0  x  l o m 3  
Left - 1 . 3 3  - 1 . 4 6  x 240 x 

A 1 1  .Dimens i o n s  I n c h e s  
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INTEROFFICE 
MEMORANDUM 

TO : M.W. Frank NO: 73.036 B5502 

FROM: R.R. Anderson, ext. 3221 DATE: 1 October 1973 

SUBJECT: S-082A C, B Thermal Performance CC: See Distribution 
Report - -  Skylab 3 Mission 

The attached report presents a summary of the S-082A and B experi- 

ment thermal performance during the Skylab 3 mission. 

R.R. Anderson 
SMTS 

Distribution 

J.E. Butler 
R.H. Grunz 
C.E. Noble 
W.R. Sidle 
H.L. Valentine 



THERMAL DISTORTION ANALYSIS 

SKYLAR 3 

Thermal d i s t o r t i o n  ana lyse s  of t h e  S-082A and S-082B exper iments  

were completed f o r  a t o t a l  of 26 randomly s e l e c t e d  o r b i t s  .dur ing 

t h e  Skylab 3 miss ion  - -  1 3  f o r  each exper iment .  

The r e s u l t s  of  t h e s e  ana lyse s  i n  t h e  form of p l o t t e d  thermal  d i s -  

t o r t i o n  parameters  vs. t ime were forwarded t o  BBRC-NRL pe r sonne l  

a t  Johnson Space Center  a s  t h e y  were completed. These a n a l y s e s  

show t h a t  t h e  performance of  t h e  S-082A and S-082B thermal  c o n t r o l  

systems were accep tab l e  throughout  t h e  SL-3 mi s s ion .  No f a i l u r e s  

were no ted  i n  t h e  TCS systems,  t h e  a s s o c i a t e d  tempera ture  p robes ,  

o r  t h e  experiment t empera ture  measurements. The average  c a s e  

t empera tu re s ,  d i f f e r e n t i a l  t empera tures  a c r o s s  t h e  c a s e ,  and t h e  

r a t e  o f  change of d i f f e r e n t i a l  t empera tures  were h e l d  { i t h i n  t h e  

a l l owab le  l i m i t s  throughout t h e  SL-3 miss ion .  The on ly  anomalous 

behavior  no ted  was t h a t ,  a s  d u r i n g  t h e  SL-2 mi s s ion ,  t h e  S-082A 

exper lment  t empera tures  were s l i g h t l y  co lde r  t han  t h e  t empera ture  

s e e n  durTng t h e  F l i g h t  Thermal Vacuum t e s t  a t  JSC and t h e  c a l i -  

b r a t i o n . t e m p e r a t u r e .  However, t h e  S-082A case  average  tempera tures  

were c o n s i s t e n t l y  -0 .S°F warmer t h a n  dur ing  - t h e  SL- 2 m i s s ion  a n d .  

ranged from 0 . 5  t o  1.3OF c o l d e r  t h a n  t h e  a l ignment  t empera tu re  of 

70°F. This  v a r i a t i o n  i n  i n s t rumen t  average c a s e  t empera tu re  causes  

a n  i n s t rumen t  defocus o f  about  10 pe rcen t  (maximum) o f  t h e  t o t a l  

a l lo rcab le  defocus  o r  about 16 p e r c e n t  of t h e  a l l owab le  due t o  

thermal  d i s t o r t i o n .  The S-082B ins t rument  c a s e  t empera tu re  averages  

were a l s o  warmer t han  those  observed dur ing  t he  Skylab 2 m i s s ion .  

The S-082B c a s e  average tempera ture  ranged from O . l ° F  c o l d e r  t o  

0.36OF h o t t e r  than  t h e  a l ignment  temperature  of  69 .8OF. This  

' v a r i a t i o n  i n  ins t rument  ave rage  c a s e  temperature  causes  a maximum 

defocus  of  about  30 p e r c e n t  of t h e  a l lowable  defocus  due t o  t h e r -  

mal d i s t o r t i o n .  



The h i g h e r  i n s t r u m e n t  c a s e  t e m p e r a t u r e s  d u r i n g  t h e  SL-3 m i s s i o n  

can  be a t t r i b u t e d  t o  h i g h e r  c a n i s t e r  s u n  end t e m p e r a t u r e s  lchich 

ranged from 1.8OF t o  5.4OF (l°C t o  3OC) h o t t e r  t h a n  d u r i n g  t h e  

SL-2 m i s s i o n .  C a n i s t e r  w a l l  and MDA end tempe'rat.ures were e s -  

s e n t i a l l y  unchanged from t h e  SL-2 m i s s i o n .  The sun end tempera-  

t u r e  r i s e  h a s  been a t t r i b u t e d  t o  degradation o f  t h e . w h i t e  t h e r m a l  

c o n t r o l  p a i n t  on t h e  c a n i s t e r  sun  end .  

A r e l a t i v e l y  h i g h  h o r i z o n t a l  image smear r a t e  was n o t e d  f o r  t h e  

S-082B i n s t r u m e n t  f o r  t h e  o r b i t  beg inn ing  a t  day 249, 1 8 t h  hour ,  

4 0 t h  m i n u t e .  During - t h e  f i r s t  15  minu tes  a f t e r  a p e r a t u r e  open ing ,  

t h e  r a t e  o f  change o f  h o r i z o n t a l  p o s i t i o n ,  s l i t  image on f i l m  

was 43 .7% o f  t h e  a l l o w a b l e  0 .001 i n / 1 5  min r a t e .  The t o t a l  change 

f o r  a  26 minute  p e r i o d  was 0.544 x 1 0 - ~ i n  o r  54 .4% o f  ' t h e  a l l o w a b l e .  

Cor respond ing  smear r a t e  f o r  t h e  h o r i z o n t a l  p o s i t i o n  o f  t h e  s u n  

image on t h e  s l i t  p l a t e  was 0 .141 x 1 0 - ~ i n / 5  min o r  28 p e r c e n t  of  

t h e  a l l o w a b l e  0 . 5  x 1 o e 3 i n / 5  min. During a  26 minute  p e r i o d  t h e  * 

image s h i f t  was 0.429 x 1 0 - ~ i n  o r  85 .8% of  t h e  a l l o w a b l e .  

blost o f  t h e  problems which p lagued  t h e  Skylab  1 / 2  m i s s i o n  t h e r m a l  

d i s t o r t i o n  a n a l y s e s  were s o l v e d  d u r i n g  t h e  unmannedphase  between 

m i s s i o n s  o r  d u r i n g  t h e  f i r s t  f o u r  weeks o f  t h e  Sky lab  3 m i s s i o n .  

The problems encoun te red  d u r i n g  t h e  Skylab  3 m i s s i o n  i n c l u d e d  t h e  

f o l l o w i n g :  

1. Program e r r o r s  which caused t h e  d i s t o r t i o n  p a r a m e t e r  

p l o t s  t o  b e  m i s - i d e n t i f i e d .  

Comment: A l l  computer p l o t  r o u t i n e s  have been  c o r r e c t e d  

and checked a g a i n s t  t a b u l a r  o u t p u t  d a t a .  

2 .  Computing a c c o u n t  number was changed w i t h o u t  n o t i c e  a t  

t h e  end o f  t h e  f i s c a l  y e a r  and a l l  r u n s  were  r e j e c t e d  

by t h e  computer c a u s i n g  a  one and o n e - h a l f  day d e l a y .  

Comment: A new accoun t  number was a s s i g n e d  which s h o u l d  

be good u n t i l  t h e  end o f  t h e  f i s c a l  y e a r .  



3 .  Thermal d i s t o r t i o n  program tape  developed a  p a r i t y  

e r r o r  caus ing  submi t ted  runs t o  f a i l  r e s u l t i n g  i n  a  

one day d e l a y .  

Comment: Programs were run from a  back up t a p e  and new 

t apes  haGe been gene ra t ed .  

4 .  F a i l u r e  of t h e  program t o  read  a p e r t u r e  d a t a  from 

HOSC-EUC t ape  o r  c a r d  i n p u t  r evea l ed  a .p rogram f l u k e  

which caused t h e  program t o  f a i l  i f  t h e  o r b i t  s t a r t  

t ime was n o t  w i t h i n  t h e  f i r s t  1 .5  hours  o f  d a t a  on t h e  

HOSC t ape  - -  a l l  check runs  had met t h i s  c r i t e r i a .  

Comment: Re-programing and gene ra t i on  of  t h e  program 

t ape  delayed p r o d u c t i o n  runs 11 days .  

5. Aperture  d a t a  on t a p e  i s  no isy  and program l o g i c  can-  

no t  d i s t i n g u i s h  between no i se  and r e a l  a p e r t u r e  open o r  

c l o s e  s i g n a l s .  

Comment: The d e c i s i o n  was made n o t  t o  a t t e m p t '  t o  d e -  

velop t h e  complex l o g i c  r equ i r ed  t o  d i s t i n g u i s h  between 

n o i s e  and a p e r t u r e  d a t a .  Aper tu re  open and c l o s e  t imes  

can be determined u s i n g  t h e  au to  scan  d a t a ,  t h e  d a i l y  

l ogs  and Data Book 6 temperature  p l o t s ,  and i n p u t  on 

c a r d s .  

Ha d a t a  f o r  t empera ture  s enso r s  C-0373-701 and C-0386-701 

used a s  t h e  sou rce  f o r  1 7  Ha thermal model nodes a r e  n o t  

on t h e  PI (S-082B) compressed format  u s e r  t a p e .  

Comment: When NRL-B thermal d i s t o r t i o n  a n a l y s e s  a r e  

run from t h e  P I  u s e r . t a p e ,  t h e s e  1 7  nodes must be d e l e t e d  

a s  program gene ra t ed  s p e c i f i e d  tempera ture  nodes and 

r e - d e s i g n a t e d  a s  computed temperature  nodes o r  s p e c i f i e d  

temperature  nodes from ca rd  i n p u t  t a b l e s .  

7 .  Thermal d i s t o r t i o n  a n a l y s i s  f o r  S-082.4 was s u c c e s s f u l l y  

run from t h e . P I  u s e r  t a p e  b u t  a t t emp t s  t o  run  S-082B 

f a i l e d .  The computing t ime r e q u i r e d  t o  complete one 



o r b i t  u s i n g  t h e  P I  u s e r  t a p e  i s  a b o u t  1 7  m i n u t e s .  

?'he i d e n t i c a l  r u n  u s i n g  t h e  HOSC-ATFI f i x e d  f o r m a t  

EUC t a p e  r e q u i r e s  l e s s  t h a n  5 m i n u t e s .  

Comment: The f a i l u r e  o f  t h e  S-082B t h e r m a l  d i s t o r t i o n  

a n a l y s i s  t o  r u n  from t h e  5-082 u s e r  t a p e  r e m a i n s  un -  

s o l v e d .  The computer e r r o r  f l a g  o u t p u t  i s  i n s u f f i c i e n t  

t o  i d e n t i f y  t h e  problem a r e a .  We have ' a s k e d  H u n t s v i l l e  

BRRC p e r s o n n e l  t o  a t t e m p t  a n o t h e r  r u n  d u r i n g  t h e  week 

e n d i n g  O c t o b e r  6 ,  1973 .  I f  t h i s  a t t e m p t  a l s o  f a i l s ,  

i t  w i l l  b e  n e c e s s a r y  t o  i n s e r t  d i a g n o s t i c  p r i n t  s t a t e -  

ments  t h r o u g h o u t  t h e  program t o  i s o l a t e  t h e  problem 

a r e a .  However, u n l e s s  o t h e r l i i s e  au t l zo r i  zed by  t h e  NRL 

p r o j e c t  o f f t c e ,  no f u r t h e r  a t t e m p t s  t o  r u n  S-082B t h e r -  

mal d i s t o r t i o n  from t h e  P I  u s e r  t a p e  w i l l  b e  made u n t i l  

t h e  SL-4 m i s s i o n .  

Many minor  f r u s t r a t i n g  computer  problems o c c u r e d  d u r i n g  t h e  SL-3 . 

m i s s i o n  -- s u c h  a s  computer  power f a i l u r e ,  l o s t  d i s t o r t i o n  p l o t s  

l o s t  c a r d  o u t p u t  and  r u n s  d e l a y e d  f o r  unknol~n r e a s o n s  -- b u t  a l l  

i n  a l l  c o o p e r a t i o n  o f  t h e  HOSC computer  p e r s o n n e l  h a s  b e e n  good 

and t h e  t u r n - a r o u n d  t ime  f o r  a  r u n  was i n  g e n e r a l  o v e r  n i g h t .  

The a t t a c h m e n t s  t h i s  r e p o r t  i n c l u d e :  

-1. A l i s t  o f  t h e r m a l  d i s t o r t i o n  a n a l y s e s  * run .  f o r  t h e  S-082A 

and S-082B i n s t r u m e n t s .  

2 .  Sample S-082A and S-0828 t h e r m a l  d i s t o r t i o n  p a r a m e t e r  

p l o t s  f o r  t h e  o r b i t  b e g i n n i n g  Day 249, 1 8 t h  h o u r , ' 4 0 t h  

min. 

3 .  Sample S-082A and S-082B i n s t r u m e n t  c a s e  a v e r a g e  t empera -  

t u r e s  f o r  4  t i m e s  d u r i n g  t h e  o r b i t  b e g i n n i n g  Day 249, 

1 8 t h  h o u r ,  4 0 t h  min.  

I tems 2 and 3 p l o t s  and t a b u l a t i o n s  a r e  a v a i l a b l e  f o r  a l l  r u n s  

l i s t e d  i n  i t e m  1. 

R .  R .  Anderson 



THERMAL D I S T O R T I O N  A N A L Y S I S  - SKYLAB 3 

S - 0 8 2 A "  

DAY HR - - M I N  SEC MSEC - - 

219 1 9  1 0 0 

0 230 1 4  33 0 

231 1 2  18  42 0 

233 1 2  4 0  0 . ' 0  

235 1 2  46 0 o** . 

* Thermal d i s t o r t i o n  a n a l y s e s  and p l o t s  were completed  f o r  

o r b i t s  w i t h  beg inn ing  t imes  l i s t e d  i n  t h i s  t a b l e  u s i n g  f i x e d  

fo rmat  HOSC-ATM Engineer ing  U n i t  Conversion Tape. 

* &  Day 235 was r u n  b o t h  from HOSC EUC t ,ape and t h e  S-082 P I  

compressed format  u s e r  t a p e .  



THERMAL D I S T O R T I O N  A X . 4 L Y S E S  - S K Y L A B  3 

DAY HR - - Fl IN - S E C  - F l S E C  

219 19 1 0 0 

230 1 4  33  0 0 

231 1 2  18 4 2 0 

233 1 2  40  0 0 

235 1 2  46 0 0 

* Thermal d i s t o r t i o n  ana lyses  were completed f o r  o r b i t s  wi th  

beginning times l i s t e d  i n . t h i s  t a b l e  u s ing  f i x e d  format  HOSC 

ATM Engineering Uni t  Conversion Tape. 
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TO : M. 1V. Frank NO : B5502 74.002 

FROM : R .  R .  Anderson X4221 DATE: 5 A p r i l  1974 

SUEJECT: S-082A R N D  S-082R TIIERMAL C C :  J .  E .  B u t l e r  
PERFORMANCE REPORTS- - C .  E .  Noble 
SKYLAB 4  MISSION R .  H .  Grunz 

1V. R .  S i d l e  

The a t t a c h e d  r e p o r t s  summarize t h e  thermal  performance o f  t h e  S-082A 
and B i n s  t r u ~ n e n t s  du r ing  - t h e  Skylab 4 m i s s ion .  

The computer program used  t o  run  t h e  thermal  d i s t o r t i o n  a n a l y s e s  a t  
HOSC f o r  t h e  f o u r  BBRC/AT?<l i n s t r umen t s  was punched o u t  on c a r d s  and 
l i s t e d .  The c a r d s  and l i s t i n g  a r e  p r e s e n t l y  i n  t h e  cus tody  o f  Leo 
Frob0111 a t  I - iun t sv i l l e .  I n  a d d i t i o n ,  t h e  program t a p e s  ( 4  c o p i e s )  
were withdrawn from t h e  HOSC t a p e  l i b r a r y  t o  p r e v e n t  t h e i r  d e s t r u c t i o n  
by I-IOSC1s au toma t i c  purge  o f  o u t d a t e d  t a p e s .  Two c o p i e s  a r e  s t o r e d  
a t  MSFC i n  t he  cus tody  o f  D .  K l e in  and two cop i e s  a r e  i n  t h e  cus tody  
o f  R.  I?. Anderson a t  BBRC.  

The S-082A and B the rmal  model c a r d  decks a r e  a l s o  i n  t h e  cus tody  o f  
Leo Frobom and wil.1 be  s h i p p e d ,  w i t h  t h e  program deck ,  t o  BBRC w i t h  
h i s  household  goods.  Computer t ape  cop i e s  ( 1  each)  o f  t h e s e  decks 
a r e  i n  R .  R .  Anderson 's  p o s s e s s i o n  a t  BBRC. 

The above program t a p e s  o r  c a r d  decks can b e  used t o  r un  t h e  thermal  
d i s t o r t i o n  programs a t  HOSC on t h e  1108 computer o r  a t  t h e  NASAISlidell  
computer f a c i l i t y .  

The program would have t o  be r e - coded  b e f o r e  i t  cou ld  be  r u n  a t  any 
o t h e r  computer f a c i l i t y  o r  i f  so f twa re  changes a r e  made a t  HOSC o r  
S l i d e l l .  

R.  R .  Anderson 
S e n i o r  Member Techn i ca l  S t a f f  

pcb 

At tachments  



SKYLAB SL-4 MISSION 

NRL S- 0  82A SPECTROHELIOGRAPH TIEmIAL PERFORMANCE 

The S-082A the rmal  c o n t r o l  system performance was a c c e p t a b l e  

th roughout  t h e  S L - 4  m i s s i o n .  The average  c a s e  t empe ra tu r e s  

( a f f e c t i n g  image f o c u s ) ,  d i f f e r e n t i a l  t empe ra tu r e s  a c r o s s  t h e  

c a s e  ( a f f e c t i n g  image p o s i t i o n ) ,  and t h e  r a t e  o f  change o f  d i f -  

f e r e n t i a l  t empe ra tu r e s  ( a f f e c t i n g  image smear)  were h e l d  w i t h i n  

t h e  a l l owab le  l imi ts  th roughout  t h e  m i s s ion .  No f a i l u r e s  were 

no t ed  i n  t h e  thermal  c o n t r o l  s y s  tem, t h e  a s s o c i a t e d  t empe ra tu r e  

s e n s o r s  o r  t h e  i n s t r u m e n t  t empera tu re  p robes .  

Alignment and f o c u s  r equ i r emen t s  f o r  t h e  S-082A S p e c t r o h e l i o g r a p h  

r e q u i r e d  an a c t i v e  t he rma l  c o n t r o l  system t o  m a i n t a i n  t h e  a b s o l u t e  

t e m p e r a t u r e  l e v e l  w i t h i n  t h e  l imits  o f  294.27K + 4.4K (70 F  + 8 .8  F) 

and dynamic t empe ra tu r e  g r a d i e n t s  a c r o s s  t h e  i n s t r u m e n t  l e s s  t han  
. . 

i0.12K (20.22F) i n  f i v e  minu t e s .  The maximum a l l o w a b l e  the rmal  

d i s t o r t i o n s  and r e l a t e d  t e m p e r a t u r e - - t e m p e r a t u r e  g r a d i e n t s  a r e  

shown i n  F igu re  1 and Tab le  1. 

The thermal  c o n t r o l  sys tem i n c l u d e s  b o t h  a c t i v e  and p a s s i v e  e lements .  

The a c t i v e  e lements  c o n s i s t  o f  low thermal  c a p a c i t y  s t a n d - o f f  

h e a t e r  p a n e l s .  The p a n e l s  (8) a r e  t h e r m a l l y  coupled t o  t h e  i n s t r u -  

ment by r a d i a t i o n  and c o n d u c t i v e l y  i s o l a t e d  by t h e  low conductance  

s t a n d - o f f  mounts. The p a s s i v e  e lements  c o n s i s t  o f  m u l t i - l a y e r  

a lumin ized  Mylar i n s u l a t i o n  p a n e l s  and s k i r t s  which cover  most 

a r e a s  of t h e  i n s t r u m e n t  n o t  covered by h e a t e r  p a n e l s .  

The the rmal  c o n t r o l  sys tem was des igned  t o  .opera te  i n  t h e  c o n t r o l l e d  

environment  of  t h e  Skylab/ATM C a n i s t e r .  The c a n i s t e r  d e s i g n  tem- 

p e r a t u r e  l i m i t s  were  281.51: (47F) t o  287.6K (58F) .  However, t h e  

A T M  l i q u i d  the rmal  c o n d i t i o n i n g  s y s  tem ma in t a ined  t h e  c a n i s t e r .  

( c o n t r o l l e d  w a l l )  t e m p e r a t u r e  w i t h i n  t h e  l i m i t s  of 28.2.86K (49.  SF) , 
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T a b l e  1 

SO82A SPECTROI4ELIOGRAPH 

OPTICAL IMAGE TOLERANCES FOR THEREL4L DISTORTION 

S o l a r  Image o n  F i l m  

Focus 

T o l e r a n c e  

Accuracy  

(X-Xo) Image o n  F i lm T-To * 
t 0 . 2 0  mm 50 .008  i n c h  + 8 . 0 ° F  

kO.05 40.002 k2.0°F 

B a s i s  

DGI'S 

Mor iz .  P o s i t i o n  (Z-Zo) Image o n  F i l m  AT Nor. '  - 
~ o l e r a n c e  2 mln S o l a r  Image 51 .25  mm 50 .050  i n c h  +13 .0°F  Estirnco~te 

Accuracy  

Vert  . P o s i t i o n  (Y-Yo) Image o n  F i l m  AT Vert .  
n 

T o l e r a n c e  2 min S o l a r  Image k1.25 mm +0.050 i n c h  + 5 . S ° F  E s t i m a t e  

Accuracy  

P 
I H o r i z .  Smear A(Z-Zb) i n  5 Minu tes  

00 
AAT/S Min. 

h) F 
T o l e r a n c e  5 s e c / 5  Minu tes  0 .05  mm 0 .002  i n c h  O.S°F DGPS 

Accuracy  50 .012  + O . O O C S  t o .  l Z ° F  

Vert .  Smear A(Y-Yo) i n  5 M i n u t e s  AAT/5 ?f in .  
#-'- 

T o l e r a n c e  5 s e c / 5  Minu tes  0 .05  mm 0 .002  i n c h  0.22OF DGPS 

Accuracy  k0.012 k0 .0005 + 0 .  OS°F 

* 
To = C a l i b r a t i o n  Tempera tu re  = 70°F 



r?.inimuln i n l e t  t empera ture ,  and 285.7K ( 5 4 .  SF) maximum o u t l e t  

t empera ture .  Tab1 .e~  2 and 3 p r e s e n t  t h e  c a n i s t e r  t empera tures  

f o r  t h e  t h r e e . m i s s i o n s .  Higher t empera tures  were observed on t h e  

Canister S u n  End P l a t e ,  s p a r  and MDA End P l a t e  throughout  t he  

f l i g h t  and p a r t i c u l a - r l y  dur ing  t h e  h igh  tl ang le  o r b i t s  when 

succes s ive  f u l l  s u n l i t  o r b i t s  occu r r ed .  . These a r e a s  of  t h e  ATM 

c a n i s t e r  were p a s s i v e l y  cor l t ro l led  whereas t h e  c a n i s t e r  w a l l  

temperature  was c o n t r o l l e d  a c t i v e l y  by t h e  ATM Liquid  Thermal 

Condi t ioning System. F l u i d  i n l e t  t empera tures  a l s o  i n c r e a s e d  by  

about 1..3K (2 .3F)  dur ing  the  high B ang le  o r b i t s .  

Ten thermal  d i s t o r t i o n  computer program runs  were made du r ing  t h e  

SL-4 miss ion  t o  ana lyze  t h e  S-082A in s t rumen t  thermal performance.  

Run t imes a r e  shown i n  Table 4 .  The d a t a  summarized below is  

der ived  from t h e s e  r u n s .  

- The ins t ruinent  c a s e  temperatures  were i n  g e n e r a l  s l i g h t l y  c o l d e r ,  

0.69K (1.24 F)  , t h a n  t h e  al ignment t empera tu re ,  294.27K ( 7 0  F) , 
throughout  t h e  Skylab 4 miss ion.  The average  c a s e  t empera tures  

f o r  t h e ' t e n  thermal  d i s t o r t i o n  runs  a r e  shown i n  Tables  5 through 

1 5 .  The average ca se  temperature  v a r i e d  from t h i s  g e n e r a l  condi -  

t i o n  dur ing  t h e  h igh  f3 angle  pe r iods  when s u c c e s s i v e  f u l l  s u n l i t  

o r b i t s  occu r r ed  (Tables  16 through 1 9 ) .  The c a s e  average temper- 

a t u r e  dur ing  t h e  f u l l  s u n l i t  o r b i t  r eached  294.7K (70.7 F) - - abou t  

0.39K (0.7F) h o t t e r  t han  t h e  ins t rument  c a l i b r a t i o n  tempera ture .  

The observed in s t rumen t  case  average t empera tu re  range was 293.5K 

(68.6 F) t o  294.7K (70.7  F) .  This  t empera ture  d e v i a t i o n  from t h e  

al ignment t empera ture  r e s u l t s  i n  an i n s t rumen t  defocus  of -15 .5  

pe rcen t  t o  8.9 p e r c e n t  of  t h e  a l lowable  defocus  due t o  thermal  

d i s t o r t i o n .  The p e r c e n t  defocus v a l u e s  quoted h e r e  a r e  based on 

case  average tempera ture  a l o n e - - u n r e s t r a i n e d  thermal expans ion- -and  

a r e  somewhat h i g h e r  than  computed by t h e  thermal s t r u c t u r a l  model 

where more d e t a i l e d  computations a r e  made. 



T a b l e  2 

SKYLA3-ATM CANISTER TEMPERATURE 

SL-2 AND SL-3 MISSIONS 

SL-2 Quadran t  3 SL- 2 Q u a d r a n t  4 

DOY 157 t o  1 6 3  DOY 157 t o  1 6 3  

Sun End 288.16K 2 0.5K 290.66K + 0.5K 

. (5g°F +- 0 .9F)  (63.5F + 0.9F) 

MDA End 282.66K 282.66K 

(49 .  IF )  (49.  I F )  

SL- 3 Q u a d r a n t  3 SL-3 ~ u a d r a n t  4 

Sun End 289.66K + 0.5K 290.66K + 0,. 5K 

(61 .7F + 0.9F) (63.5F 2 0.9F)  

hIDA End 285.41K + 0.25K 284.41K 5 0.25K 

1. Ref .  t e l e c o n  Howard T r u c k s ,  MSFC 

R.  R .  Anderson', BBRC 9 / 2 4 / 7 3  

2 .  C a n i s t e r  l i q u i d  t h e r m a l  c o n t r o l  s y s t e m  t empe ra tu r e s  

w e r e  nominal  

M/W I n l e t  - 282.9K ( 4 9 . 5 " ~ )  

Sun End AT - 1.SK (2 .7F)  

MDA End AT - 0.7K (1 .26F)  



T a b l e  3 

L o c a t i o n  

SKYLAR-ATM CAN1 STER TEHPERATURE 

SL - 4 BII SS ION 

Tempera tu re  O K ( O F )  

Min b! ax 

C a n i s t e r  L i q u i d  Thermal 

C o n t r o l  Sys  tem 

M/\V I n l e t  Temp. 

AT(Rise)MDA End 

AT(Kise)Sun End 

MUA End P l a t e  

Q u a d r a n t  1 

Sun E n d  P l a t e  

Quadran t  1 

2 

3 

4 

SPAR 
FIDA End 

C e n t e r .  

Sun End 

F l u i d  s y s t e m  

min v a l u e s  a rc  

more c o r r e c t l y  

nomina l  v a l u e s  

A 1 1  max v a l u e s  

o c c u r r e d  d u r i n g  

h i g h  o r b i t  B 
a n g l e  o p e r a t i o n  

when s u c c e s s i v e  

100% s u n l i t  

o r b i t s  o c c u r r e d  

2 9 1 . 3  ( 6 4 . 7 )  299.8(80 . O )  Ref. t e l e c o n  

291 .8  ( 6 5 . 6 )  294.6 ( 7 0 . 6 )  U w e  l l u e t e r  , MSFC 
287.9 ( 5 8 . 5 )  299 .7 (79 .8 )  G R .  R.  Anderson,  

288 .3  ( 5 9 . 3 )  297 .2 (75 .3 )  BBRC - ' Feb .  1974 



T a b l e  4 

RUN LIST - N K L - A  THEKMAL DISTORTION 

No. Day H r  . Min. Comments 

1 331 2 1  00* 

2 332 1 4  6  Los t  P l o t  

3  333 2 1  1 5  

4 335 2 1  2 1  

5  336 1 4  25 

6 337 1 2  1 2  

7 338 1 9  1 6  

8 3  39 20 0  7 Los t  P l o t  

9 340 1 3  1 3  

10 350 01 40 Los t  Tab 

* 
Times shown a r e  run  i n i t i a l  t imes .  

Runs a r e  o n e - o r b i t  normally s t a r t i n g  a t  s u n s e t .  



T a b l e  5 



Table  6 



T a b l e  7 



Table 8 
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T a b l e  1 2  



T a b l e  1 3  



T a b l e  14 



Tab le  15 



T a b l e  16 



Tab; 1 e '1.7 



T a b l e  18 



Table  19 



?'herma1 d i s t o r t i o n  pa ramete r  p l o t s  f o r  DOY 3 3 1 :  2 1  :00 (Nov. 2 7 ,  

1973) a r e  i n c l u d e d  a s  examples o f  t h e  S-082A the rmal  performance 

d a t a  (F igu re s  2 through '  7 ) .  The de focus  d a t a  of  Tab le  3,DOY 331 

21:00,may be compared w i t h  t h e  i n s t r u m e n t  de focus  p l o t s  o f  F i g u r e s  

2 and 5 .  

A l l  S-082A the rmal  d i s t o r t i o n  computer program runs  f o r  SL- 3 and 

SL-4  have been reviewed w i t h  t h e  fo l l owing  r e s u l t s :  The maximum 

image defocus  computed was 1 2  p e r c e n t  of  t h e  a l l o w a b l e  de focus .  

H o r i z o n t a l  image smear due t o  dynamic s i d e  t o  s i d e  t empe ra tu r e  

g r a d i e n t s  a c r o s s  t h e  i n s t rumen t  c a s e  was a lways  l e s s  t h a n  1 p e r c e n t  

of  t h e  a l l o w a b l e  smear.  V e r t i c a l  image smear was abou t  one -ha l f  

o f  t h e  h o r i z o n t a l  image smear. T o t a l  h o r i z o n t a l  image smear o v e r  

a  55  minute p e r i o d ,  f o l l owing  a p e r t u r e  door  open ing ,  was l e s s  

t h a n  10 p e r c e n t  o f  t h e  a l l owab le  smear - -based  on a  5 minu te  

exposure .  The t o t a l  image smear was 0.0002 i nch  i n  55 mi'nutes 

whereas'  t h e  a l l o w a b l e  i s  0.002 i n c h  i n  5 minu t e s .  

The re fo r e  i t  i s  concluded t h a t  thermal  d i s t o r t i o n  o f  t h e  S-082A 

i n s  t rulnent  caused o n l y  n e g l i g i b l e  d e g r a d a t i o n  o f  t h e  s o l a r  images 

on f i l m .  

F igu re  8 p r o v i d e s  a  b l o c k  diagram and f l o w  c h a r t  o f  t h e  the rmal  

d i s t o r t i o n  a n a l y s i s  program. The b a s i c  b u i l d i n g  b l o c k s  of t h e  

program a r e  t h e  the rmal  model, F igu re s  9 ,  10 and 11, used  i n  t h e  

the rmal  d e s i g n  a n a l y s i s  and t h e  s t r u c t u r a l  model ,  F i g u r e  1 2  used  

f o r  t h e  s t r e s s  dynamics a n a l y s i s .  The t he rma l  and s t r u c t u r a l  

models were upda ted  t o  t h e  f l i g h t  c o n f i g u r a t i o n  and t h e  t he rma l  

a n a l y t i c a l  p r e d i c t i o n s  compared w i t h  d a t a  from t h e  f l i g h t  u n i t  

t e s t s  a t  Johnson Space Cen t e r .  The t o t a l  program was t h e n  coded 

f o r  u s e  on t h e  HOSC 1108 computer a t  t h e  Mar sha l l  Space F l i g h t  

Cen t e r .  



RUN 10-NRI ATD. 
JoB 14 0 0 06 



F i g u r e  2 

S082A THERMAL D I STORT I ON 
SUN IMAGE ON F ILM,  FOCUS, LEFT S I D E  

n 
TIMECOAYSIHRSl GMT 

Ll t tE  1H) ICATES OPEN OR IN POSITION 



F i g u r e  3 

SHRT 

I NST 

S082A THERMAL DISTORTION 
IMAGE CIN FILM. V E R T I C A L  POSITIUN. LEFT SIDE 

PAGE 4 

331 531 331 
ei P n 

TIME(OAYS,HKSI GMT 
SMEAR LIMIT 0.002/s HIN 

L I N E  1H) ICATES OPEN OR I N  FOS1710N 



S082A THERMAL DISTORTION 
SUN IMAGE ON FILM, HORIZONTAL POSITICJNP LEFT S I D E  

PAGE 6 

(LIMIT) .a0 

(LIMIT) -.WO 

331 331 331 
21 22 23 

T I M E ( O A Y S P H R S 1  GMT 
SHEAR L I H I T  0.001/5 MIH 

L1:IE ! M I C I T E S  OPEN 007 IN P 0 9 1 T I W  



Figure 5 

S082A THERMAL DISTORTION 
SUN I M A G E  ON FlLMe FOCUS* RIGHT S I D E  

;HRT 

NST 

TIMECDAYS,HRSl GMT 

L INE  1&3Q)ICAIES OFEN Or7 I N  POS11ION 



SUN I M A G E  ON F ILM,  V E g T I C A L  POSITION, R l G H T  S I O E  

TIMECOAYS.HKS1 GMT 
SMZAR L I M I T  O.OOE/S M I N  

I SHRT WL I 
LIHE I W I C I T E S  OFEH CW I N  P O S I T I O N  



S082A THERMAL U I S T O R T  ION 

HRT 

NST 

H"MGE ON FILM? HORIZONTAL POSITION, RIGHT S I O E  
PAGE 5 

331 331 331 
el  n es 

TIMECDAYSeHRSl GMT 
SWEAR L I M I T  0.002/5 H I N  

L I N E  I W I C A T E S  OPEN OR I N  P O S I T I O N  



Figure 8 

NRL THERMAL DISTORTION ANALYSIS 

..-.. - .  -..-- / To - ~ a b r i c a t i o n  Temperature Vector 
Ts = Structural Modcl Elerncnt Temperatures 
Tt = Thermal Modcl Node Temperatures 

C1 = Deflect ion t o  Distort ion Matrix 
C2 = Thermal Influence Coef f ic ient  Matrix 
C j  = Thermal Model to  Structuzel  Element l<mperature 

Conversion Matrix 
6 = Structural Model Deflect ion Vector  
A = Optical Distort ion Vectqr ' 

. 

= C1 C2 C3 

B2 - C1 C2 =o 
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The s c o p e  o:f t h i s  r e p o r t  does n o t  p e r m i t  a  more d e t a i l e d  d e s c r i p t i o n  

of  t i l e  t h e r m a l  d i s . t o r t i o 1 1  a n a l y s i s  p rog ram,  however ,  a f i n a l  rep0r.t 

i s  i n  p r e p a r a t i o n  w h e r e i n  t h e  t.hermn1 model a n d  t h e  t h e r m a l  ilis- 

t o r - t i o n  program w i l l  b e  d e s c r i b e d .  A "cook-book" f o r  u s e  of t h e  

program a l s o  w i l l  be  p r o v i d e d ,  



S K Y L A B  SL- 5 ?)IlSSION 
NRL S-082B SPECTI<OGRAPH TI-!ERMtIlA PERF!lIII?I!'\NCII. 

T h e  S-082U the rma l  c o n t r o l  sys t em pe r fo rmance  was a c c e p t a b l e  

t h r o u g h o u t  a l l  Sky lah  miss i o n s  w i t h  t h e  excel)  t ion . t h a t  some o u t  . 

o f  - t o l e r a n c e  c o n d i t i o n s  were obsttrved r l i ~ r i  ng t h e  Cornet Koltou t e k  

o b s e r v a t i o n s  and d u r i n g  the  f u l l  sun1 i t. ot-bi  t pc r i . ods  o i  thc 

SL-4 m i s s i o n .  

No f a i l u r e s  were  n o t e d  i n  t h e  t h e r m a l  corl t rol .  s y s t e m ,  t h e  a s s o c -  

i a t e d  t e m p e r a t u r e  s e n s o r s ,  o r  t h e  i n s t r u n i e r ~ t  t e m p e r a t u r e  p r o h c s .  

Alignment  and f o c u s  r e q u i r e m e n t s  f o r  t h e  S-082K S p e c t r o g r a p h  

r e q u i r e d  t h a t  an a c t i v e  t h e r m a l  c o n t r o l  s y s t e m  be p r o v i d e d  t o  

m a i n t a i n  t h e  a b s o l u t e  t e m p e r a t u r e  l e v e l  wi t h i n  t h e  1. i m i  t s  o f  

. 2 9 ~ 1 . 1 6 ~ K  2 0.67OK (69 .  8OF t 1.2OF) and d y r ~ a ~ n i c  t e l r ~ p e r a t u r e  gradier1t.s 

a c r o s s  t h e  i n s t r u m e n t  l e s s  t h a n  +0.18"K ( t 0 . 3 3 " I : )  i n  1 5  m i n u t e s .  

?'he maximum a l l o w a b l e  t h e r m a l  d i s t o r t i o n s  a n d  re1 a te t l  t en~pc  r a t u r e /  

t e m p e r a t u r e  g r a d i e n t s  a r e  ' p r e s e n t e d  i n  F i g u r e s  1 ,  2 ,  arid. 3 .  

'The the rma l  c o n t r o l  s y s t e m  i n c l u d e s  b o t h  a c t i v e  and p a s s i v e  e l e m e n t s .  

The a c t i v e  e l e m e n t s  c o n s i s t  o f  low thermal.  c a p a c i , t  y s t a n d - o  f f 

h e a t e r  p a n e l s .  The p a n e l s  a r e  therma1l.y coup led  t.o t h e  instrument 

by  r a d i a t i o n  and c o n d u c t i v e l y  i s o l a t e d  b y  t h e  lorv conductarlcc?:  

s t a n d - o f f  mounts.  Tlie p a s s i v e  e l e m e n t s  corls i s t  o r  si l l  1 t i - I a y c r .  

a l u m i n i z e d  Mylar i n s u l a t i o n  p a n e l s  and s k i  I - t s  whi cli c o v e r  m o s t -  

a r e a s  n o t  cove red  by h e a t e r  p a n e l s .  

The t h e r m a l  c o n t r o l  sys t em was d e s i g n e d  t o  o p e r a t e  i n  t h e  c o ~ ~ t r o l . l . e d  

e n v i r o n m e n t  o f  t h e  Skylab/ATM C a n i s t e r .  The c n r l i  s t .er-  d c s i g n  t cm-  

p e r a t u r e  l im i t s  were  281. S°K (47OF) t o  287.6OK ( 5 8 P F ) .  !lowetfet', 

t h e  ' c a n i s t e r  l i q u i d  t h e r m a l  c o n t r o l  sy5tem m a i n t a i n e d  t h e  c a u i s t e r  

( c o n t r o l l e d  w a l l )  t e m p e r a t u r e  w i t h i n  t h e  l i m i t . <  o l  282.86"K (41). .5°1:l, 



F i g u r e  1 

MAXIMUM. ALLOWABLE THERMAL DISTORTIONS 

OPTICAL SCHEMATIC ?RIMARY MIRROR 
?FF AXIS PARABOLOID 

DIMENSIONS ARE .IN INCI-IES 
-- -- - - . .- . .. ------ 

POSITION: 20.003 
SMEAR: 0.003/5 MIN 

A 

POINTING R 
- 

EFEREIiCE -. 
-..-. - 

IMAGE Dl  SSECTOR TUBE\, -.- 

i METER --\ - -- . _.. . . -- -- - . -. - -- -- . --- . . . . .. - -. - POSITION: +0.001 
.. 

1.. ~ 0 . 0 0 5  .\ 
\ 

WAVE BAND 
APERTURE 

PREDISPERSER 
GRAT iNG '. 

i 

, ... -. 

.----.- - 
-------..--- 

5 METERS ..-. .. ----__--- - -- . -- 
-- -- - ---..- 

. -..  -.-. -. - - -- 

MAIN GRATING \\.. -- 
1-l- 

310DE ,ASHER MATRIX $-' 
FILM 

I 
/ POSITION: k0.040 

TRUM 

SltiEf,R: 0.001/15 ?!IN ~ - 0 g 2 ~  SMEAR: 0.010/15 M I N  



F i g u r e  2 
S082B SPECTROGIUPH AND XUV MONITOR 

:< 
= . C a l i b r a t i o n  t e m p e r a t u r e  = 69.8OF 

3 

OPTICAL IhLAGE TOLERANCES FOR THERMAL DISTORTION 

S u n  Image  on S l i t  P l a t e  

F o c u s  (X-Xo) S u n  Image  T - T ~ *  B a s i s  

T o l e r a n c e  2 . 5  <ic Image  B l u r  t 0 . 1 2 0  mm k 0 . 0 0 5  i n c h  29.6OF DGPS 

A c c u r a c y  k 0 . 0 2 5  + 0 . 0 0 1  t 2 . O 0 T  

H o r i z .  P o s i t i o n  (Y-Yo) S u n  Image AT Hor .  - 
T o l e r a n c e  5 5  6&? o n  S o l a r  Inage t 0 . 0 2 5  mm k 0 . 0 0 1  i n c h  2 2 .  S ° F  Co-Al ign  

A c c u r a c y  + 0 . 0 1 0  + O  . 0 0 0 4  t 1 ° F  NCO 

Ver t .  P o s i t i o n  (Z-Zo) S u n  Image - AT V e r t .  

T o l e r a n c e  1 1 5  sec on Solar Image + 0 . 0 7 5  mm + 0 . 0 0 3  i n c h  2 2 .  S°F Co-/'\I i g n  

' P  A c c u r a c y  
I 

P 
I-' 
00 : i o r i z .  S n e a r  J ( Y - Y o )  i n  5 M i n u t e s  AATIS Min. 

Y o l e r a n c e  2 . 5  s e c / S  h f i n u t e s  0 . 0 1 2 5  mm 0 . 0 0 0 5  i n c h  21.25OF DGPS 

'!ert. S m e a r  2fZ-2 , )  i n  5 M i n u t e s  AAT/5 Min. 

T o l e r a n c e  15 s e c / 5  ' M i n u t e s  0 . 0 7 5 m m  0 . 0 0 3  i n c h  2.S°F Est .  



F i g u r e  3 ' 

NRL-B OPTICAL IMAGE TOLERANCES .FOR THERMAL DISTORTIOX 

S l i t  I m a g e  o n  F i l m  

F o c u s  

T o l e r a n c e  6 p I m a g e  B l u r -  

A c c u r a c y  

H o r i z .  P o s i t i o n  

T o l e r a n c e  

A c c u r a c y  

( X - X  ) I m a g e  o n  F i l m  T - T o  A 

t 0 . 0 7 6  mm 5 0 . 0 0 3  i n c h  r 1 . 2 O F  

t 0 . 0 2 5  + 0 . 0 0 1  z0 .4OF 

(Y-Yo) . I m a g e  o n  F i l m  AT I l o r .  

Bas is 

' 1 .0  mm ' 0 . 0 4  i n c h  

k 0 . 2 5  + 0 . 0 1  

2 13OF Ec t ima te  
k ; O F  ( C o n s e r v a t i v t  

V e r t .  P o s i t i o n  (Z-Zo)  I m a g e  o n  F i l m  AT V e r t .  

> T o l e r a n c e  
I-' 
I-' A c c u r a c y  
a 

~ 0 . 3  mrn ~ 0 . 0 1 2  i n c h  2 1 .  :,OF Es t i r n a t e  

2 0 . 1  2 0 . 0 0 4  - 0 . 4 O F  

Y o r i z .  S m e a r  l ( Y - Y o )  I m a g e  o n  F i l m / l S  Min AAT/15 M i n .  

T o l e r a n c e  

. . i c c u r a c v  

i iert .  S m e a r  

25  2 / 1 5  M i n u t e s  0 . 0 2 5  mm 0 . 0 0 1  i n c h  0.33'1: DGPS 

- 0 . 0 0 5  2 0 . 0 0 0 2  =L).07"F 

J i Z - Z o )  I m a g e  o n  F i l m / l S  Min AAT/lS f i n .  

' T o l e r a n c e  250 u / 1 5 '  M i n u t e s  0 . 2 5  mm 0 . 0 1 0  i n c h  

.:ccur a c y  = 0 . 0 5  z 0  . 0 0 2  

1. 1 ° F  DEPS 

* 
T = C g l i b r a t i o n  t e m p e r a t u r e  = 69..8OF 



n::in.imun? i n l e t  t e m p e r a t u r e ,  and 2 8 5 .  7 ° K  (54.5'1.') m;~ximum orit1 e t  

tc i i ipcra ture  . ( T a b l e s  ' 1 and 2 p r e s e n t  t h e  car1-i.s t e r  tempel-at t~rc: ;  

. fo r  t h e  t h r e e  m i s s i o n s . )  H ighe r  t e m p e r a t u r e s  \<ere  o b s e r v e d  91; 

t h e  C a n i s t e r  Sun End P l a t e ,  s p a r  and  31DA End lll;ite t h r o u g h o i ~ t  t h e  

f l i g h t  and p a r t i c u l a r l y  d u r i n g  t h e  h i g h  B a n g l e  o r b i t s  when  

s u c c e s s i v e  f u l l  s u n l i t  o r b i t s  o c c u r r e d .  T h e s e  a r e a s  of t h e  !lTi\l 

c a n i s t e r  were  p a s s i v e l y  c o n t r o l l e d  whereas  t h e  c a n i s t e r  rial1 

t e m p e r a t u r e  was c o n t r o l l e d  a c t i v e l y  b y  t h e  c a r \ i s t e r  l i q r ~ i d  t l ~ e r r r ~ a l  

c o n t r o l  sys t em.  F l u i d  t e m p e r a t u r e s  i n c r e a s e d  1)). -.I - 3 ° K  ( 2 . 3 O F )  

d u r i n g  t h e  h i g h  13 a n g l e  o r b i t s .  

F o r t y - n i n e  t h e r m a l  d i s t o r t i o n  r u n s  were  made d(iri .ng t h e  S L - 4  

m i s s i o n  i n c l u d i n g  2 7  o r b i t s  d u r i n g  t h e  Cornet Kohor~ t c k  o b s e r v a t  i or1 

p e r i o d  and 7 d u r i n g  t h e  h i g h  f3 a n g l e  or}) i . t  p e r  iotl. . A summary 

of  t h e  t h e r m a l  d i s t o r t i o n  r u n s .  i s  showil i l l  I'ab l c 3 ,  s l ~ c e  t s  1 ar~cl 2 .  

The o u t - o f - t o l e r a n c e  c o n d i t i o n s .  observt!d dur . ing some Comet 

Kohoutek o b s e r v a t i o n s  c o n s i s t  o f  smear r a t c s  t h a t  c o u l d  resi.11 t 

i n  e x c e s s i v e  h o r i z o n t a l  smear  of t h e  s l i t  image on t h e  f i  l r n . '  'l'he 

pe r fo rmance  summary T a b l e  3 ,  f o r  t h e  below L i s t e d  ,days shows' 

h o r i z o n t a l  - image smear r a t e s  f rom 1 . 5  t o  2 tjrnes t h e  maximum 

a l l o w a b l e  v a l u e  d u r i n g  t h e  f i r s t  15  t o  20 minrltes n f t e r  a p e r t u r e  

o p e n i n g .  

DOY - H r  - M i  11 --. 

357 1 8  49 

358 1 8  0 1 

358 19 3 1 

However, t h e  to t ' a l  image smear  may be  rvit l l jn t h e  a1 l o w a b l c  f o r  . 

s h o r t  e x p o s u r e s  s i n c e  t h e  a l l o w a b l e  smear. i s  based  upon a 15  

minute  e x p o s u r e .  An e x p o s u r e  o f  7 .  5  m i r l ~ l t e s  d111.ation woll.ld r e t ~ l  t 

i n  t h e  maximum a l l o r i a b l e  image smear .  S h o t - t e r  c u p o s l ~  I-cc  r\roiil d 



Table  1 

SKY IOAB-ATM CAN IS'TER I 'EMPERA7I .URl i  

SL-2 AND S t - 3  MTSSIONS 

SI.,- 2 Quadrant 3 SL- 2 Qilaclrant  4 

DOY 1 5 7  t o  1.63 IIOY -157 t o  1 6 3  
- -- .. . - __---..-. ----.----- .ll__p-__. _ _ 

S L - 3  Q u a d r a n t  3 SL- 3 (2uadrrtrl.t 4 
--- --.- -- ------ - 

S I I I I  End 289.66K + 0.5K 290.66K 0.5K. 

( 6 1 . 7 F  t 0 . 9 F )  ( 6 3 . 5 F  + 0 . 9 F )  
- .. . - - ---..------ -- 

bll )A End . . 285.41K + 0.25K 284.41K + 0.25K 

(54 .05F  2 0 . 4 5 F )  . ( 5 2 . 2 5 1 :  '. 0 . 4 5 F )  

1 . Ref. te lecor l  Howard T r u c k s ,  MSJ:(: 

R .  R .  Ande r son ,  BBRC 9 / 2 4 / 7 3  

2 .  C a n i s t e r  1 i q u i d  thermal, corl t r o l  s y s  ttrrii t cmpc r n  t ' l l res 

were nomina l  

M/W I l l l c t  - 282.91( ( 4 9 .  5'1:) 

Sun End AT - 1 .5K ( 2 . 7 F )  

MDA End AT - 0.7K (3.26F). 



l'enpc- rat^^^-e " #  ( " I : )  

(:a11 i s  t e r  l , i q ~ ~ i c l  T h e  r111a 1 

( :ontr-01 S y s t c n ~  

M/lV I n l e t  I'emp. 2 8 2 . 8 6 ( 4 9 . 5 )  

A']' (Rise)Mn!\ End 1 . 5  ( 2 . 7 0 )  

A'I'(Ri.se) Sun End  0 . 7  ( 1 . 2 6 )  

MDA l i ~ i d  P1at.e 

Q~iaclrant 1 2 8 8 . 7  ( 6 0 . 0 ) .  

2 2 8 3 . 4  ( 5 0 . 4 )  

3 2 8 3 . 2  ( 5 0 . 1 )  

4 .  2 8 0 . 5  ( 4 5 . 2 )  

St111 i'nd P l a t e  

Qtradrant 1 

2 

3 

4 

SPlIR 

MDi\ ' E n d  

Cente r  

Sun lJnd 

FZu,id s y s t e m  

rnin va lues  a r e  

more c o r r e c t . 1 ~  

nominal  v a l u e s  

A l l  rnax v a l u e s  

occur red  d u r i n g  

h i g h  o r b i t  13 

a n g l e  o p e r a t i o n  . 
when s u c c e s s i v e  

1 0 0 %  s u n l i t  

o r b i t s  o c c u r r e d  

Ref .  t e l e c o n  

Uwe H u e t e r ,  EISFC 

6 R .  R. Anderson, 
BRRC - Feb. 1 9 7 4  



NOTES; 1. f i h e r e ' ~ ) ~  is g r e a t e r  -than -365, y e a r  1974 i s  indiceted.UlY (1974) = DOY -365. 
2 .  Type run abbreviat ions a re :  NS = normal s o l a r  observat ions;  K - Coatt Kohoutek observat ions;  100% sun normal s o l a r  

observat ions during high o r b i t  0 angle periods when successive f u l l  s u n l i t  o r b i t s  occurred 
3. Exposure time i n i t i a l  time of exposure. 
4. A l l  thermal d i s t o r t i o n  parameters a r e  given i n  percent  of maximum allowable values.  Figures  1. 2 and 3.  
5. Thermal d i s t o r t i o n  r e s u l t s  a r e  r e l a t e d  t o  exposure time f o r  runs where exposure times a r e  shown and t o  o r b i t  s u n r i s e  f o r  

a l l  o ther  runs. Orb i t  sunr i se  (o r  aper tu re  opening) general ly  r e s u l t s  i n  the  maximum t r a n s i e n t  thermal d i s t o r t i o n .  

6 .  Thermal s h i e l d  door problem occurred a t  t h i s  time. 





r e s u l t  i n  l e s s  t h a n  maximuin smear .  

NOTE: S i n c e  t h i s  r e p o r t  was p r e p a r e d  B i l l  S i d l e  h a s  I - e c e i  vcd 

>11:e e x p o s u r c  d a t a  f o r  a l l  S k y l a b  m i s s i o n s  and w i l l  con2.1 

t h e  image t h e r m a l  d i s t o r t i o n  p a r a m e t e r s  f o r  a l l  ex 

p o s u r e s  f o r  which p l o t t e d  therinal. r l i s  t o r t  i on d a t a  

e x i s t s  . 

During h i g h  o r b i t  f3 a n g l e  p e r i o d s  when s u c c e s s i v e  f t l l l  s u n l i t  o s l ) i t s  

o c c u r r e d ,  t h e  f o c u s  r e q u i r e m e n t s  f o r  t h e  s l i t  imapc on fill11 were  

exceeded .  On DOY 382:17:09 T a b l e  3 ,  s h e e t  1 ,  t h e  computed i m a g o  

d e f o c u s  was 1 3 . 3 %  g r e a t e r  t h a n  t h e  m a x i ~ ~ ~ u m  allown!,le.  A11 o t l i e r  

t he rma l  d i s t o r t i o n  p a r a m e t e r s  were  h e l d  wit11 ill t l ~ c  nl lowai)  l e  1 i 1il.i t s  

d u r i n g  t h e s e  p e r i o d s .  

The t h e r m a l  d i s t o r t i o n  v a l u e s  p r e s e n t e d  i n  r a b l c  3 a r e  r e l a t e d  t o  

e x p o s u r e  t ime  f o r  r u n s  where e x p o s u r e  t imes  a r e  show11 and t o  o r h i t  

s u n r i s e  f o r  a l l  o t h e r  r u n s .  O r b i t  s u n r i s e ,  o r  a p e t - t u r e  open ing  

\<hen i t  o c c u r s  a f t e r  s u n r i s e ,  g e n e r a l l y  r e s u l t s  i n  t h e  maxiniulo 

t r a n s i e n t  t h e r m a l  d i s t o r t i o n .  The r e s u l t i n g  maximum smear  rate . ;  

g e n e r a l l y  p e r s i s t  f o r  1 5  t o  20 m i n u t e s  a f t e r  a p e r t u r e  o p e n i n g .  

During normal  s o l a r  o b s e r v a t i o n s ,  t h e s e  smear r a t c s  a n d  Focus 

changes  a r e  r e l a t e d  t o  t h e  t e m p e r a t u r e  r i s e  o f  t h c  slj t p l a t e  

mounting and  a r e  a l s o  a  f u n c t i o n  o f  case  a b s o l i i t e  t c i ~ i p c r . a t t ~ r c s .  

The maximum t e m p e r a t u r e  r i s e  r a t e  o f  t h c  s l  i t  p l a t ( >  1no\11lt p e r s i s t s  

f o r  a b o u t  1 5  t o  20 m i n u t e s ,  i .  e .  , t h e  t tiernla l t i 1 1 1 ( \  t - t . r r i q  t : I l l  t i 5 

a b o u t  20  m i n u t e s .  

The h i g h  sme.ar r a t e s  o b s e r v e d  d u r i n g  t h e  Comet Kollo~ltek o b s e r v s - .  

t i o n s  were  c a u s e d  by a b s o r p t i o n  o f  s o l a r  energy  on  i n t e r i o r  S ~ L I - r n c c s  

of t h e  i n s t r u m e n t  c a s e  c a u s i n g  l a r g e  d i f f e r e l l t i  a1 t c ~ i r p e r a t u r e  

changes .  No s o l a r  e n e r g y  impinged on t h e  s l i t  p l a t e  and i t  is 

n o t e d  t h a t  t h e  image d e f o c u s - - b o t h  sun  image O I I  t h e  5 1  i t pl ia tc  

and t h e  s l i t  image on f i l m ,  was much l t s s  dl t r i l \n  t h e  h'nho~i t t k  



runs  t h a n  cluri ng norlrlal s o l a r  o b s e r v a t i o n s  . 'I'he t he rma l  c o r ~ t r o  l 

s y s  teln \<as a b l e  t o  con!pcnszte f o r  t h e  c a s e  c l i  i ' f e r e n t i a l .  t c m p e t - n  

t u r e  r i s c  d u r i n g  t h e s e  rl.;ns b:lt. t h e  rc?sporlsc t i m e  \ < a s  al>cz~it. 1 5  

nl int i tes .  '1.htis peak il;l%ge smear  r a t e s  occi i l - rcd 3.t a p c r t \ . i r c  o p e n .  

i n g  a n d  p e r s i s t e d  f o r  a b o u t  15 m i n u t e s .  

'T'einperature p l o t s  from Data Book G F i g u r e s  4 throiig1.1 1 5 ,  and tilt. 

c o r r e s p o ~ l d i  I I ~  t h e r m a l .  d i s t o r t i o n  p z r a m e t e r  p l o t s ,  F i g u r e s  16 

t h r o u g h  2 4 ,  f o r  DOY 383:16:30  ( J a n .  1 8 ,  1 9 7 4 ) ,  a r e  i n c l u d e d  a s  

examples  o f  t h e  S-082B the rma l  p e r f o r m a n c e  d a t a .  A l though  this  

d a t a  i s  f o r  a  n e a r  1 0 0 3  s u n l i t .  o r b i t ,  a l l  t h e r m a l  d i s t o r t i o n  

p a r a m e t e r s  were w i t h i n  t h e  pe r fo rmance  r e q u i r e m e n t s  d u r i n g  t h e  

n o t e d  e x p o s u r e  ( T a b l e  3 S h e e t  2 ) .  No te ,  t h a t  had  t h e  e x p o s u r e  

been  made e a r l i e r  i n  t h e  o r b i t ;  f o r  example 20 m i n u t e s  e a r l i e r  

a t  3 8 3 :  17 :  1 2 ,  t h e  t h e r m a l  d i s t o r t i o n  woultl h a v e  b e e n  s i . g n i K i c a n t l y  

g r e a t e r  ( F i g u r e s  1.6 t h r o u g h  2 4 ) .  

I : igure  2 5  p r o v i d e s  'a  b l o c k  d i ag ram and f low c h a r t  o f  t h e  t h e r m a l  

d i s t o r t i o n  a n a l y s i s  p rogram.  The b a s i c  b u i l d i . n g  b l o c k s  o f  t h e  

program a r e  t h e  t h e r m a l  model ,  F i g u r e s  26 and 2 7 ,  u s e d  i n  t h e  

t h e r m a l  d e s i g n  a n a l y s i s  and t h e  s t r u c t u r a l  model ,  F i g u r e  28 u s e d  

f o r  t h e  s t r e s s  and  dynamics  a n a l y s i s .  The t h e r m a l  a n d  s t r u c t u r a l  

models  were  u p d a t e d  t o  t h e  f l i g h t  c o n f i g u r a t i o n  and  t h e  t h e r m a l  

a n a l y t i c a  1 p r e d i c t j . o n s  compared w i t h  d a t a  from t h e  f l i g h t  u n i t .  

t e s t s  a t  ..lo111lson Space  C e n t e r .  The t o t a l  program was t h e n  coded 

. f o r  u s e  or1 t h e  llOS(.: 1 l @ 8  co inp~ l t e r  a t  ' t h e  M a r s h a l l  S p a c e  F l i g h t  

C c ~ ~ t e r .  

I-he s c o p e  o f  t h i s  r e p o r t  does  n o t  p e r m i t  a  more d e t a i l e d  description 

o f  t h e  t h e r m a l  d i s t o r t i o n  a n a l y s i s  program, l ~ o w c v c r ,  a f ina ' l  r e p o r t  

i.s i n  w h e r e i n  t h e  t h e r m a l  model a n d  t h e  t l i e rmal  d i s -  

t o r t i o n  program w . i . 1  1 b e  d e s c r i b e d .  A "cook-l>ook" I'or use O F  t h e  

program a l s o  w i 1.1 b e  pr0.v i d e d .  
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S082B 'THERMAL DISTORTION 
SUN INAGE ON SLIT PLATE, HORIZONTAL POSITI.GN 

PAGE 3 

L I N E  1 N O I C A t E S  OPEN OR ON .-.- -- 



( L I M I T )  

I. 

( L I M I T )  

S082B THERMAL D I S T O R T I O N  
SUN I M A G E  ON S L I T  PLATEl  V E R T I C A L .  POS'ITIUN 

PAGE 2 

303 3 83 383 
16 I?  18 

T I M E I D A Y S ,  HRSI GMT 
SHEAR L I M I T  0 . 0 0 3 / 5  M I N  1 * * - - m y  - I K I  DAY 4. 

A P(H AL, sw~rcd) - 

L I N E  I N D I C A T E S  OPEN OR ON 

. . * , *>. 
F N 6 . R g  /a 



S082B THERMAL DISTORTION 

I PRS 

S L I T  I M A G E  ON F I L M I  FOCUS9 LEFT S I D E  
PAGE 5 . 

(LIMIT) -003 

( L I M I T )  -.003 

16 17 18 

TIME(DAYS,HRSl ' GMT 

I - -t~)y-.-1 /(I p DAY .-f 

L I N E  INDICATES OPEN' OR 'ON . . 



SO82B 7-t-IERMAL DISTORT I ON 
SL-IT IMAGE ON F ILM,  H O R I Z O N T A L  P . O S I T I O N ~  LEFT S I D E  

PAGE 9 

383 383 583 
. 16 I7 18 

T I M E t O A Y S , . H R S l  GMT 
SMEAR L I M I T  0.001/1S M I N .  L I M I T  I S  + OR - 0 . 0 4 0  

LINE I N D I C A T E S  OPEN OR ON 

1- ~ ~ ' 9 7 ~  -- .-..- f- OW> 



SL I 

( L I M I T )  

7 

16 SHEAR L I M I ~ ' % . O ~ O / ~ S  UlN 16 

TIMECDAYS,HRSl  GMT 

I - A *~r- D A Y  C e- 

LINE I N D I C A T E S  OPEN Oa OH . 



S082B THERMAL OISTORTlON 
S L I T  IMAGE UN FILMY FOCUS9 RIGHT S I D E  

PAGE 4 

( L I M I T )  .GO3 

( L I M I T )  -.003 

b T IMECDAYS, HRSI GMT 
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STRUCTURAL ANALYSIS TASK DESCRIPTION 
NRL/ATM 

INSTRUMENTS THERMAL DISTORTION 
COMPUTER PROGRAM DEVELOPMENT 

There a r e  s i x  b a s i c  t a s k s  t o  b c  accomplished i n  t h e  s t r u c t u r e s  

a r e a  i n  o r d e r  t o  gene rz t e  t h e  o p t i c a l  d i s t o r t i o n  parameters  

f o r  any given ATM ins t rument .  These s i x  t a s k s  a r e  l i s t e d  below 

followed by a  d e t a i l e d  d e s c r i p t i o n  of bo th  t he  t a s k  i t s e l f  and 

the  e f f o r t  r equ i r ed  t o  acconp l i sh  t h e  t a s k .  

1) Update S t r u c t u r a l  ~ o d e l  

2)  Develop C3 m a t r i x  ( thermal  t o  s t r u c t u r a l  model con- 

v e r s i o n  m a t r i x ) .  

3) Generate  C 2  ma t r ix  ( thermal  d e f l e c t i o n  i n f l u e n c e  
. . 

c o e f f i c i e n t  m a t r i x ) .  

4 )  Generate C 1  ma t r ix  ( d i s t o r t i o n  i n f l u e n c e  c o e f f i c i e n t  

m a t r i x j  . 

5) Combine t he  above m a t r i c e s  (C l ,  C 2 ,  6 C3) t o  produce 

t h e  o p t i c a l  d i s t o r t i o n  paramete rs  and a l s o  t o  form 

t h e  B 1  and B 2  m a t r i c e s .  

6 )  Generate check ca se s  u s ing  t h e  f i n i t e  elements s t r u c t u r e s  

program t o  v e r i f y  t h a t  t h e  C 2  m a t r i x  was gene ra t ed  

c o r r e c t l y  and t h a t  t h e  m u l t i p l i c a t i o n  o f  t h e  mat.rices 

g ives  the  c o r r e c t  o p t i c a l  d i s t o r t i o n s ,  i . e .  

A = C1C2(C3Tt-TO). 



Task No. 1 - Update S t r u c t u r a l  Model 

Updating t h e  s t r u c t u r a l  model i ~ l v o l v e s  modi fy ing  t h e  a n a l y t i c a l  

model used f o r  s t r e s s  and dynamics a n a l y s i s .  F i r s t  t h e  model 

i s  c h e c k e d ' t o  a s c e r t a i n  t h a t  t h e  b a s i c  s t r u c t u r e  conforms t o  

t h e  f i n a l  drawings  w i t h  emphasis on o b t a i n i n g  a c c u r a t e  ' d i s t o r -  

t i o n s  due t o  thermal  g r a d i e n t s  i n  t h e  s t r u c t u r e .  Where n e c e s s a r y ,  

a d d i t i o n a l  s t r u c t u r a l  d e t a i l  i s  added c o n s i s t e n t  w i t h  o b t a i n i n g  

t he  d e s i r e d  o p t i c a l  d i s t o r t i o n  p a r a m e t e r s .  

A f t e r  a l l  o f  t h e  d e s i r e d  changes have been i n c o r p o r a t e d  i n  t h e  

a n a l y t i c a l  model an i n t e r n a l  loads  a n a l y s i s  i s  conducted  w i  t i i  

loads  a p p l i e d  a t  each s t r u c t u r a l  degree  o f  freedom. Th i s  i n t e r n a l  

loads  a n a l y s i s  i s  accomplished on t h e  CDC 3800 computer u s i n g  

BBKC's f i n i t e  e lement  "Loads Program. " The purpose  f o r  app ly ing  

a  load  a t  each  degree  o f  freedom i s  t o  v e r i f y  t h a t  t h e  a n a l y t i c a l  

model has  s t r u c t u r a l  c o n t i n u i t y ,  i .  e .  , t h e  model i s  "hea l t hy . "  

A h e a l t h y  model i s  i n d i c a t e d  by a  good b a l a n c e  o f  a p p l i e d  l oads  

and r e a c t i o n s .  
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Task KO.  2 - Develop C 3  h la t r ix  

The C ma t r ix  i s  used t o  e s t a b l i s h  t h e  t empera tures  of  t h e  s t r u c -  3 
t u r a l  elements based on t h e  t empera tures  of  t h e  e f f e c t i v e  thermai 

nodes t h a t  surround t h e  e lement .  Only a x i a l  and p l a t e  e lements  

a r e  consid.ered f o r  thermal  d i s t o r t i o n s  because  t h e  t empera ture  

g r a d i e n t s  ac ros s  beams o r  t o r s i o n a l  elements a r e  cons ide red  

i n s i g n i f i c a n t .  Consequently t h e  thermal model i s  n o t  modeled 

i n  s u f f i c i e n t  d e t a i l  t o  g ive  t empera ture  g r a d i e n t s  a c r o s s  beams 

o r  t o r s i o n a l  members. 

I n  o r d e r  t o  determine which thermal  nodes a r e  p e r t i n e n t  i n  e s t a b -  

l i s h i n g  t h e  temperature  o f  a  g iven  s t r u c t u r a l  element, s t e r e o  

p l o t s  a r e  made of b o t h  t h e  s t r u c t u r a l  and thermal  rnodels us ing  

t h e  same s c a i e  and view a n g l e s .  The s t r u c t u r a l  and thermal  nodes 

a r e  l a b e l e d  on t he  corresponding p l o t s .  The p l o t s  a r e  then  

over layed  thereby showing which thermal nodes would b e  p e r t i ~ e ~ t  

i n  e s t a b l i s h i n g  the  t empera ture  o f  t h e  s t r u c t u r a l  e lements .  

I n  o r d e r  t o  determine how e f f e c t i v e  each o f  t h e  p e r t i n e n t  thermal  

nodes a r e  i n  e s t a b l i s h i n g  t h e  s t r u c t u r a l  e lement  t emperz ture  

two approaches were used.  The f i r s t  approach i s  based  on t h e  

element be ing  l o c a t e d  i n  a p lane  surrounded by f o u r  thermal  nodes.  

The element temperature  i s  based  on t h e  l o c a t i o n  of  t h e  element 

w i t h i n  t h e  p l ane  of  t h e  f o u r  thermal  nodes assuming l i n e a r  temper- 

a t u r e  g r a d i e n t s .  The second approach i s  based on t h e  thermal  

node e f f e c t i v e n e s s  be ing  i n v e r s e l y  p r o p o r t i o n a l  t o  i t s  d i s t a n c e  

from the  e lement .  This  approach was used w i t h  two, t h r e e  o r  f o u r  

thermal nodes. 



A computer program was w r i t t e n  t o  c a l c u l a t e  t h e  e f f e c t i v e n e s s  

( c o e f f i c i e n t s )  o f  t h e  p e r t i n e n t  the rmal  nodes on each s t r u c t u r a l  

element  used  f o r  the rmal  d i s t o r t i o n s .  T h i s  program g e n e r a t e d  

t h e  C 3  m a t r i x  i n  t h e  form o f  punch c a r d s .  .1 c a r d  was puncllcd 

f o r  each e lement  and c o n t a i n e d  t h e  f o l l o l i i n g  i n f o r m a t i o n :  

1) Element number 

2 )  S t r u c t u r a l  nodes d e f i n i n g  t h e  e lement  

3)  P e r t i n e n t  the rmal  nodes and cor respond ing  c o e f f i c i e n t s  

4) C o e f f i c i e n t  o f  the rmal  expans ion .  



Task No. 3  - Generate C 2  Matr ix  

The C 2  mat r ix  i s  t h e  thermal  d e f l e c t i o n  i n f l u e n c e  c o e f f i c i e n t  

ma t r ix .  I t  i s  ob t a ined  6y determining a l l  o f  t h e  s t r u c t u r a l  

d e f l e c t i o n s  f o r  a  u n i t  t empera ture  d i f f e r e n t i a l  a p p l i e d  t o  each 

of t h e  s t r u c t u r a l  e lements  used f o r  thermal d i s t o r t i o n s .  I f  

t h e r e  a r e  100 s t r u c t u r a l  elements t h e r e  w i l l  b e  100 u n i t  s o l u t i o n s  

i n  t h e  C 2  mat r ix  and each s o l u t i o n  w i l l  c o n t a i n  the  s t r u c t u r a l  

d e f l e c t i o n  a t  each degree  o f  freedom i n  t h e  s t r u c t u r a l  model. 

The number of elements used f o r  thermal  d i s t o r t i o n s  i n  t he  ATM 

s t r u c t u r a l  models range from approximately 300 t o  400. The 

number o f  degrees o f  freedom range from approximately  500 t o  

600. There fore  t h e  C 2  m a t r i x  can c o n t a i n  up t o  400 x 600 o r  
LL 240,000 v a l y e s .  Due t o  t h e  l a r g e  s i z e  o f  t h e  C 2  m a t r i x  i t  i s  

s t o r e d  on niagnetic t ape .  

The C 2  mat r ix  i s  gene ra t ed  u s ing  a modif ied  v e r s i o n  o f  t h e  f i n i t e  

element loads  program. The program was modi f ied  t o  produce 

d e f l e c t i o n s  only  and t o  p o i n t  o u t  t h e  d e f l e c t i o n s  f o r  t h e  l s t ,  

Zlst, 41st, 6 l s t - - - -  , e t c .  cond i t i on .  The p r i n t e d  d a t a  i s  then 

used f o r  checking purposes  as de f ined  i n  Task No. 6 .  



Task No. 4 - Generate C1 Mat r ix  

The C1 m a t r i x  i s  t h e  d i s t o r t i o n  inf l .uence c o e f f i c i e n t  ma t r ix .  

I t  i s  a ma t r ix  of  c o e f f i c i e n t s  such t h a t  when t h e s e  c o e f f i c i e n t s  

a r e  m u l t i p l i e d  times the  p e r t i n e n t  s t r u c t u r a l  d e f l e c t i o n  t h e  

d e s i r e d  o p t i c a l  d i s t o r t i o n  parameters  a r e  ob t a ined .  The C1 

ma t r ix  c o e f f i c i e n t s  i nc lude  t h e  e f f e c t s  o f  image moments due 

t o  mi r ro r  r o t a t i o n s , ]  t r a n s l a t i o n s ,  changes i n  coo rd ina t e  sys t ems ,  

e t c .  



Task No. 5 - Combine C1, C 2  4 C 3  t o  Produce O p t i c a l  D i s t o r t i o n  

Parameters  and Form D l  6 B 2  M a t r i c e s  

A computer program (Program D i s t o r )  wa5 w r i t t e n  t o  perform t h e  

o p e r a t i o n s  : 

= BITt - B 2 ,  d e f i n i t i o n  of  B1 4 B2 

A = v e c t o r  of o p t i c a l  d i s t o r t i o n  pa ramete r s  

T t  = v e c t o r  o f  the rmal  node t empe ra tu r e s  

To = f a b r i c a t i o n  t empe ra tu r e .  

The B1 4 B 2  m a t r i c e s  a r e  produced i n  t h e  form o f  punched c a r d s .  

This  d a t a  i s  then  used t o  g e n e r a t e  d a t a  s t a t e m e n t s  f o r  t h e  f i n a l  

computer program t o  which o r b i t a l  t empe ra tu r e  d a t a  i s  imput and 

o p t i c a l  d i s t o r t i o n  pa r ame te r s  a r e  c a l c u l a t e d .  

Another computer program which combines t h e  m a t r i c e s t o  pr0duc.e 

t h e  o p t i c a l  . d i s t o r t i o n  p l u s  t h e  s t r u c t u r a l  d e f l e c t i o n s  i s  a l s o  

used.  The s t r u c t u r a l  d e f l e c t i o n s  which a r e  c a l c u l a t e d  by 

6 = C2(C3Tt - To) a r e  used f o r  com?arison w i t h  t h e  check c a s e  

as de f i ned  i n  Task No. 6 .  



Task No. 6 - Generate Check Cases 

The f i n i t e  element loads  program i s  used t o  run check ca se s  f o r  

v e r i f i c a t i o n  o f  t h e  C 2  mat r ix  and a l s o  t o  v e r i f y  t h a t  t h e  com- 

' b in ing  of t he  ma t r i ce s  i n  Task No. 5 produces t h e  c o r r e c t  o p t i c a l  

d i s t o r t i o n  paramete rs .  One check case  i s  run u s ing  t h e  same 

v e c t o r  of thermal node tempera tures  as  was used i n  Task No. 5 

and the  s t r u c t u r a l  d e f l e c t i o n s  u s ing  t h e s e  two approaches a r e  

compared. Also t he  p e r t i n e n t  s t r u c t u r a l  d e f l e c t i o n s  a r e  then  

m u l t i p l i e d  times the  C1 m a t r i x  t o  v e r i f y  e h a t  t he  c o r r e c t  o p t i c a l  

d i s t o r t i o n s  a r e  be ing  c a l c u l a t e d  by t h e  "Dis tor"  program as  

de f ined  i n  Task No. 5 .  Other check cases  a r e  run by app ly ing  

a u n i t  temperature  d i f f e r e n t i a l  t o  t h e  l s t ,  21st, 41st, 6 1 s t . - -  

e t c .  , elements and then t h e  d e f l e c t i o n s  from t h e s e  c o n d i t i o n s  

a r e  conipared t o  t he  def 1ec . t ions  ob t a ined  durifig g e n e r a t i o n  o f  

t he  C 2  m a t r i x  as de sc r ibed  i n  Task No. 3 .  


