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S U W R Y  

The e f f i c i en t  and practical  operation of a large aperature planar phased 

array fo r  the transmission of microwave powei requires accurate mechanical point- 

i n g  and minfmal s t ructural  deformation. The Solar power Satell  i t e  (SPS) has a 

def in i t e  advantage fo r  sa t is fying t i gh t  mechanical requirements due to  the be- 

nign external load environment of space. Potential d is tor t ion associated y i t h  

the thermal environment has led to consideration of low coeff ic ient  of thermal 

expansion (CTE! s t ructural  materials t o  minimize this e f fec t .  

An evaluation of the achievable f l a tness  i n  a large microwave power trans- 

mitting antenna has been performed by F. Leinhaupel and associates1. This study 

considered manufacturing and assemrbly tolerances,  maneuvering and environmental 

accelerations a s  we1 l a s  thermal d i s to r t ion .  Quantitative r e su l t s  required con- 

s iderat ion of a specif ic  microwave power transmission system (MP'TS), SPS configu- 

ra t ion and s t ructural  material .  The configuration which was evaluated was ba- 

s ical  l y  a dual reference SPS system w i t h  pseudoisotropic GY-70/X-30 (graphite 

epoxy) as a representative dimensionally s table  composite fo r  t h s  s t ructural  

material .  This par t icular  natericll was selected due t o  the ava i l ab i l i t y  of 

s t a t i s t i c a l  material property data and because of experience with manufacturing 

and assembly tolerances which i~cve been achieved. 

The loads, accelerations,  thermal environments, temperatures and dis tor t ions  

were calculated fo r  a var ie ty  of operational SPS conditions along w i t h  s t a t i s t i -  . 
cal considerations of material properties,  manufacturing tolerail,-.es, measurement 

accuracy and the resutl ing l o s s  of s igh t  (LOS) and local slope dis t r ibut ions .  

The basic r e su l t  of the study is tha t  a LOS e r ro r  and a subarray nns slope e r ror  

of two a rc  minutes can be achieved w i t h  a system. This encornpasses a l l  

manufacturing e r rors ,  thermal d i s to r t ions ,  s t a t i c  s'tructural loads and dynamic 



movement resul t ing from t rans ien t  loads. 

Significant specif ic  resu l t s  of t h i s  study include: 

Existing materials measurement, manufacturing, assembly and a1 ign- 

ment tschniques can be used to  build the MPTS antenna s t ructure ,  orders of 

magnitude la rger  than current space systems. 

Manufacturing tolerance can be c r i t i c a l  to nns slope error .  Study 

resu l t s  show tha t  the slope e r ror  budget can be met w i t h  a passive system. 

As a backup approach, i n i t i a l  act ive  alignment can be used to  correct  the 

in terface  between prome and secondary s t ructures  and/or between secondary 

and subarray s t ructures .  Tolerance then i s  l imited by measurement accuracy 

and actuator resolution.  

* Structural  jo in t s  without f ree  play a re  essential  i n  the assembly 

of the large t russ  s t ructures .  Joint  "slop" as contrasted to  jo int  to le r -  

ance, can be eliminated by bonding or welding. Joint  tolerance i s  a small 

part  of overall s t r u t  length, and makes a minor contribution to  slope error .  

* The material properties of GY-70/X-30 pseudoi sotropi c graphi te/epoxy 

composite were used as  representative of s t rength,  modulus and CTE. Varia- 

t ion i n  material properties,  par t icular ly  fo r  CTE, from part  to  part  i s  

more s ignif icant  thac the actual value. The design can accommadate pre- 

dic table  length changes and > t i l l  achieve the required f l a tness .  The u n -  

ce r ta in ty  in CTE leads t o  the thermal d i s to r t ion  t h a t  degrades performance. 

However, thermal dis tor t ion i s  small over the range of operating tempera- 

tures and material properties not as well regulated a s  those of GY-70/X-30 

will meet requirements. 

A1 though the resu l t s  of t h i s  study are applicable to a par t icular  configu- 

ra t ion ,  i t  i s  evident that  the MPTS s t ructure  represents a r e a so~ab l e  extension 

of the  present state-of-the-art .  Furthermore, the probabili ty i s  high t ha t  the 

accuracy requirements can be achieved w i t h  a passive system. 
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