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SUMMARY 

Simulations o f  Space Shut t le  synthet ic  aperture radar antennas under the 

inf luence o f  space environmental condit ions have been ca r r i ed  out  a t  L, 
C, and X-band. Mathematical d i f f i c u l t i e s  i n  modeling large, non-planar 

array antennas are discussed, and an approximate modeling technique i s  

presented. Results f o r  several antenna e r r o r  condit ions are i l l u s t r a t e d  

i n  f a r - f i e l d  p r o f i l e  patterns, ear th  surface f o o t p r i n t  contours, and 

s u m r y  graphs. 

1.0 INTRODUCTION 

Antennas t o  be used on Space Shut t le  missions i n  the 1980's f o r  synthet ic  

aperture radars are expected t o  undergo stresses induced by the space 

environment t h a t  may degrade the performnce o f  the radar. 

thermal gradients across and through the antenna surface may cause the 

s t ructure t o  bow. Deployment techniques t h a t  r e l y  on unfo ld ing the 

antenna i n  one o r  more places may create surface d i scon t inu i t i es  a t  the 

f o l d  j o i n t s .  

thermal expansion, resu l t i ng  i n  phase exc i ta t i on  errors. Power d i v i s i o n  

t o  3 f f e r e n t  sections o f  the antenna may be perturbed by non-unity VSMRs. 

To estimate the ef fect  o f  these and other antenna er ro rs  on overa l l  

synthetic aperture radar performance, i t  i s  necessary t o  computer simu- 

l a t e  the antenna over a wide ranc,r: of possible e r ro r  conditions. Unfortu- 

nately, c lass ica l  methods o f  analysis, such as computing the ar ray  f ac to r  

as the weighted sum of path length differences, are unmanageable because 

of the large e l e c t r i c a l  s ize of the antenna. A closed-form array f ac to r  

expression i s  upobtainable because of the general nature o f  the mechanical 

surface errors .  To overcome these computational 1 ini tatior.;, a compromise 

model i ng method was developed. 

For example, 

i n  addition, feedl ine lengths may change s l i g h t l y  due t o  
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2.0 THE MATHEMATICAL MODEL 

2.1 MODEL OF MECHANICAL SURFACE FLATNESS ERRORS 

The physical array surface is  modeled w i t h  a number of piecewise bilinear 

rectangular sections as i l lustrated i n  Figure 1. That  is, if the array 

is nominally located i n  the (x,y)-plane, the z-axis displacement of the 

array surface is given by zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
M 

where 

i n  the mth section ( 2 )  
a. m m  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA+ alxm + a p m  + a3xgm 

and (xm,ym) are the local coordinates of the mth section shown i n  Figure 

2. The { a:} coefficients may be determined uniquely from the displace- 

ments a t  each of the four corners of the rectangle. 

coefficients give a continuous approximation of the actual antenna sur- 

face. These sections need not conform to physical antenna panels. The 

number of sections needed can be determined by the curvature of the warped 

surface and the maximum error that  can be tolerated. As the number of 

sections is increased, the approximation becomes more exact, converging 

to the actual surface i n  the limit. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA[4] Of course, the results become 

exact electrically when each section contains only one element of the array. 

Furthermore, the same 

2.2 --- merL OF ELECTRICAL - ERRORS 

Let us supposi the array antenna i s  divided into M x N subarray sections 

as i l l u s t r a t e j  i n  Figure 3. 

be written as the weighted sum of the contribvtions from each subarray. 

The far-field pattern of sucn an antenna may 
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= the complex exc i ta t i on  of the mnth subarray 

= (sine zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBACOS$, sine sin$, cose), the cosines 
of the beam po in t ing  d i rec t i on  w i th  respect 
t o  the x, y, and z axe.s 

B = zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2lr/x = wave number o f  the source zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
rl=* 

= i n t r i n s i c  impedance o f  the medium 

- 
9,, (U 9 V 1 = vector array fac to r  o f  the mnth subarray zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

2 )  (Xmn’Ymn, mn 
= l oca t ion  o f  the center of the mnth subarray zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

If the vector subarray factor i s  known, equation (3 )  may be used t o  obta in  

the f a r - f i e l d  pattern. E i the r  ineasured data o r  computed data may be used 

f o r  g(u,v). 

Each e l e c t r i c a l  section may be exc i ted separately i n  both magnitude and 

phase. The number of sections needed t o  obta in  a desi,-ed accuracy i s  

determined by the sever i ty  of the e l e c t r i c a l  taper. 

2.3 SIMULTANEOUS MECHANICAL AND ELECTRICAL ERRORS 

I f  the b i l i n e a r  rectangular sections of (2.1) are made t o  conform w i t h  

the subarray sections of (2 .2 ) ,  then e l e c t r i c a l  and mechanical e r ro rs  

may be studied simultaneously. The only  fu r ther  approximation needed 

i s  i n  the computation of the subarray factor i(u,v) fo r  elements 

equally spaced over a b i l i n e a r  surface. A closed-form expression f o r  

g i s  not  avai lable; however, since a l l  sections are the same physical 

size, 

equation ( 3 ) ,  only  a tab le  look-up i s  necessary. 

- 

could be computed and tabulated parametrical ly so t ha t  when using 
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I f  the b i l i nea r  surfaces are su f f i c i en t l y  f l a t ,  an al ternat ive technique 

i s  available. The two st ra ight  l i nes  formed by project ing the loca l i red 

coordinate axes onto the b i l i n e a r  surface o f  (2) may be used t o  define 

an error-minimizing plane.[l) That i s ,  the coef f ic ients  o f  

are chosen so t ha t  the e r ro r  

i s  a minimum. The superscript zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA"m" has been omitted f o r  c l a r i t y .  The 

minimum occurs when 

bl = al 

bp = a2 

and the integrated e r ro r  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAE: = A'/16*la31 , where A i s  the surface area o f  

one rectangle. A maximum error  o f  A/4*la3\ occurs a t  the corners o f  the 

rectangle. Consequently, the subarray factor used i n  calculations i s  

the pattern from a planar rectangular array wi th average displacement zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
t = bo 
avg 

whose normal points i n  the d i rect ion (0,,,,$,,) defined by 

( 7 )  

tan(a:) = by 

tan(am) = b; 
Y 
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where 

The array factor for each subarray i s  the well-known 

sin zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAMYx sin zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAE!Y 

M sin - yx . zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAN sin !)'- 
z 

2 

pattern w i t h  the angular t i l t  due t o  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAax and a included i n  the Y-factors. 
Y 

3.0 SIMULATION RESULTS 

A variety o f  antenna mechanical surface errors and electrical excitation 

errors have been simulated a t  1.5, 4.5, 9.0, 12.0 and 14.0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAG H t  [2,3], 

including: 

- Antenna panel unfolding errors due t o  incomplete deployment of 
a folded panel. 

- Various warping conditions due t o  thermal gradients through the 
antenna surface. 

- Electrical excitation errors occurring from feed1 ine mismatches. 

For the antema panel unfold ing  errors, a three-panel array was modeled 

w i t h  the outer two panels t i l t ed  away from the perfectly f l a t  baseline 

case. Deflections varied from 0.5 cm t o  5.0 cm over the 11.6 m length 

o f  the entire array. Figure 3 consists of four graphs which i l lus t ra te  

!*sin degradation versus frequency, gain degradation versus warp severity, 

beam pointing error versus warp severity, and side :obe level versus 

wrap severity. 
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Parabol ic  bow mecharical e r r o r s  c lused by the thermal gradients  through 

t h e  antenna were modeled w i t h  a twslve-panel a r ray  curved t o  fit a para- 

h l a  !ir, azimuth) with maximum d e f l e c t i o n  ranging from 1 cm t o  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5 cm. 

F igure 4 consis ts  of four graphs which d e p i c t  the  aximuth f a r - f i e l d  

p a t t e r n  o f  a un i fo rmly  e x c i t e d  11.6 m antenna a t  1.5 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAGHz f o r  bows ' 

1.0, 2.0, 3.0, and 4.0 cm. Two-dimensional Ear th  sur face f o o t p r i n t s  

f o r  t h e  parabol ic  bow e r r o r  as we l l  as the un fo ld ing  e r r o r  a re  shown i n  

F igure  5. 

E l e c t r i c a l  mismatch e r r o r s  were s tud ied f o r  the seven panel S I R - A  micro- 

s t r i p  a r ray  antenna f o r  VSWRs o f  1.0, 1.1, and 1.2. 

i n  Figure 6. 

Resul ts a re  shown 
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i zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
t zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

Figure la. Mechanica11.y deformed array sirface. 

t zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
- X  

Figure zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAl h .  Piecewise bilinear approximation. 
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Figure 2a. Original surface. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
& 
z 

Figure 2b. Bit  inear approximation. 

/ 

I 

Ficurc 2c. Planar approximation. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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a zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

N zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 

/ 

\ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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In e zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

< zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAC 
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1 0  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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