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ADAPT I ON OF UNSTABLE REGULATOR 
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I n  the area o f  a t t i t ude  contra1 , we have considered developing adaptive/ 
learning control system theory f o r  use i n  handling large space structures. 
One problem where adaptive/learni ng theory i s  needed i s  i n  hand1 ing o f  large 
space objects using the space shutt le. During barging, towing, assembly, and 
construction operations involv ing 1 arge space structures adequate control 
requires precise knowledge o f  the structural  dynamics o f  the objects involved. 
As indicated i n  s l i d e  22, t h i s  requirement cannot be sa t i s f ied  using tech- 
niques based on analysis o r  ground tes t ing because o f  fundamental l im i ta t ions  
of these techniques. The adapti vel learni  ng system i s  conceived on the premise 
tha t  st ructural  tes t ing must be conducted on the objects involved i n  the 
operational space environment. Using i n - f l i g h t  test ing, the system i den t i f i e s  . 
parameters o f  the structures w i th in  a class o f  mission structural  models 
(s l i de  23). The parameters are used t o  adjust the control system design t o  
affect acceptable a t t i t ude  control.  Additional tests are required t c  maintain 
acceptable a t t i t ude  control because the dynamics change during operations. 
The number o f  such tests i s  substant ia l ly  reduced by using model extrapolat ion 
based on analysis , thereby conducting tests only when the divergence between 
the observed dynamics and the model resu l ts  i n  unacceptable s t a b i l i t y  and 
control margins. 



SPACE APPLICATION CONlROL 

o PROPER PHASl NG ff REQUI RES PRECI Y K W E D C E  OF THE STRUCTURAL 
OYMMICS 

o ADEQUATE ANAtYTl CAl DEF l NIT1 ON NOT POSS I R E  FOR COMPLEX SIRUCTURES - 
PROVIDES FIRST GUESS M Y  

0 GROUNO TESTING NOT POSSIBLE - GRAVITY, MASS, STIFFNESS CONSIDERATIONS 

HENCE: TEST1 NG DURI ffi RIGHT OF THE ARTICLE TO BE COWROLLED 1 S THE 
O N Y  M H O D  TO OBTAIN THE REQUIRED STRUCTURAL OYNAMlCS 
KNOMEDCE 
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LEARNING SYSTEM DESCRIPTION 
(SPACE APRKXTIONJ 

- - - -  ACTUAL 
EXTRAPOLATION BASED ON 
I N-R I GHT TESTS 

-* 
4' 

6 AUTOMATICALLY CONOKTS I N-RIGHT TESTS WHEN CONFIDENCE I N  
STRUCTURAL DYNAMICS DEFl NlTlON PROBUCES UNACCEPrABLE 
STABILITY AND CONTROL MARGINS 

o ADAPTS TO CHANGES I N  ORBITAL, M S S ,  IMRTIA, AND FLEXIBILITY 
CHARACTERISTICS USING GAIN SCHEDULING BASED ON EXTRAPOLATION 
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The adaptive/learning system important features are l isted on s l ide  24. 
The system i s  being developed using an analytical model o f  the SEP array. 
The model was created using a f i n i t e  element model and the SPAR computer 
program (s l ide  25).  

LEARNING SYSTEM FEATURES 

r In-flight definition of structural dynamics 

Optimal dctision theory used ta initialize Wing and adjust 
feedbdck la# 

r Optimal tolerance to control system stnu~lactuaior failures 
using analytical redundancy 

r "Dithel"' signal inputs Mcded fw adaptive contrd are supp,tSseU 
during operations for which they are nd q t i b l e  

r Gain nhedulinq pmvidts -on in abscc;e d 'Wdithel"' inputs 
based on extraplation 
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SEP SWR MODEL TOP OF SEP 
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The sensing concept assumed i n  the adaptive/learning system i s  a remote 
sensing concept being studied a t  LaRC where N cameras are used i n  conjunction 
with a spot pattern on the array. Slide 26 shows the location o f  the cameras 
i n  the shutt le payload bay and the SEP array incl ined on angle e with the 
shutt le center l ine. Slide 27 shows the array spot pattern that  i s  used i n  a 
simulation program to  develop adaptive/learning control schemes. 

SEP/SHUTTLE - SENSOR CAMERAS 
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SEP/SHUTTLE - SENSOR- SPOTS 

SENSOR 
SPOTS - 
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