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Abstract On the huge-scale array antenna for SSPS (space solar power systems), the problem of faulty elements
and effect of mutual coupling between array elements should be considered in practice. In this paper, the effect
of faulty elements as well as mutual coupling on the performance of the huge-scale array antenna are analyzed by
using the proposed IEM/LAC. The result shows that effect of faulty elements and mutual coupling on the actual
gain of the huge-scale array antenna are large.
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00,000000ooooo0ooooooooo,ooon
000000O000000Do0ooO. 0oo0oooooogooo
00 10000,00000000000 (Space Solar Power
Systems, SSPS) 00000000 OO0OO [1],[2]. SSPSOO
00000000000 0D0O00,0000000 SSspSOO
00o000oo0O00oooO00oo0 (boooo)yooooo
gooooooooooo. gooopoooogogoooo
Oo0Do0O0oOoogsSspSOdooOoOooOoOoOoOoooooon.

SSspSOO000OO0CCOOO00OODOOOOOUOOOODOOO
00,00000000000D0Ooo00gooooooooon
00000oo0ooooOoooD. 000, 0000000000
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Do0o0doodoooooooooboboooooooood
ooo. oboooboobooooooooogoggggg g, g
pogooooobobobbbobooooooooboo,oobobobog
(Electromagnetic Compatibility, EMC) 0000000, 00
gooobooboooooboboooobobbooooooot
goooooooooogo. ooooog,oboooog
gooooooooobbooooooooo,oooobooa
oo0o0oo0oooooooooooooooooooo [3)-15],
JO0oo00bOO0o0bOO0o0obOOo0obOOoobooboooobooooa.
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(a) Operating. (b) Open. (c) Short.

Figure 1 O00O0O0OOCOO.

od0DbOO00o0obOo0o0o0oDbOoOoobOoOOoOoooboooooo
00000-0000000000000000016],[7. 00
pood,gdoooobboboodooooobobooboboo
000D0o00ooooooooon. Skenik OO, 00000
ooooUooUoUoooooooUooUooooo . ooo
goo,00b0o0ob0ooboboboob,oboobooooo
poooDbOooobobooooooooo.
0O0,0000000000000000O00DO0O00DOOD
00000000000000000. 000000 (Method
of Moments, MoM) 0 000000 (Fast Multipole Method,
FMM)[9] 000000000 (FFT)[10] 000000000
O,0b0dddoooobobobbobooooooooobooboboo
goO00O.00000o0oooooooo, MoMOODODOO
podobooobooooobooobobooobooooo
ooooooo. booooo,0o0ob0o0b0boboooboog
gooooooooo,MoMOOOOOOODOOODOO
ooobooOooobooOoooooooooo.
ooo0oO0obOO0oOoboOO0ooboOooo,0o0booooon
00000 (Impedance Extension Method, IEM) [11], [12] O
00000000000 (Local Admittance Compensation,
LAC)[13]0000000. IEMODOODOO, 0000000
poboooboboboo,obooooboboboboooo
0oooooooooooooooo. ogg,IEMO LACO
ooooooooo (IEM/LAC)0O0O0,000000000
gooooboboo0oobOobooo. oboboo,0oo0booo
00000000000 0000o00o0ooO0oO IEM/LAC
o000, 00000b00000bO0O00o0o0boooOooooa.
oo,bo0dddoooobobobboooooooobooobobo
pooobbooobboooboooo.

2. ggooooo

goooo,b010b0000000 20000000000
O.O0pen 0000000000000 O0ODOODOOODODODO
0o00,000000000D000000. ShortOOOOODO
gboooooooooooobooooboooboo,0b00o0b0o
goooooboooooDOoboOooon.

g100000boocoooboooooooooboooooo
gooooooobo. booboo,b0b0oboobooboooboo
gbooooboooodobooooooooboooobo,oooa

goocooooooobooboo. oboooooboooooboo
gooooooooooooboooboooooobooo,boo0ob0o
0O IEM/LACOD0OO00O0DO0O0ODOOD [13].

3. IEM/LAC

Marksfor active impedance.
EOO.

OoOm: Operating element E

H : Faulty element

[ :Element closeto
faulty one

Inthis case,
8 X 8+1=65 types of
Small array are analyzed.

All types of small array having zero or one
faulty element are analyzed by MoM.

(a) Step 1 Small array 00000000,

1+l =
Z,+AZ,
— = AL =AYV -
ay = i=1....60
I, +Al, I M

1;, V; : Current or voltage of feeding segment in ith element, respectively.
Z;, Y;: Active impedance or admittance of feeding segment in ith element, respectively.
A : Differencefrom small array w/o faulty elements.

[This processis carried out for all small arrays. |

(b) Step 2 00OOOOOOOODODODO.

[vy)

;| Faulty elements

i
;

First extension

D|

Small array
(All elements are operating)

Huge array
(Including faulty elements)

(c) Step 3 Huge array 00000000 OOO0DOO.

Local array (Size of local array: N,'= Ny'=3)

Element #a (Faulty)
Element #b (Operating)
Element #c (Faulty)
Local
admittance
compensation
(LAC)

I, +Al, = (Y, +AY,, +AY, )V,

Current of element #b is compensated
by superposition of AY,, and AY,, .

Huge array
(Including faulty elements)

(d) Step 4 0000000000 (LAC)OOD.

Figure 2 IEM/LAC(Small array: 8 x 8, Huge array: 16 x 16).

020,IEM/LACO0OO0OUO0O0OOUOO. 000OO0OO,00
goooooooooooobooooboboooooooooo
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0.0000000000000000 (Huge array) D000
016x1600,000000 (Small array) 00000 8 x 8
O00. IEM/LACO,00000000000000000
0o0o0o0oo0ooo0ooo0/oo00oo0o,0000000
0000000000 000oooOoooooo 11]-113).

00,000000000000 100000000000
Small array 000000 MoMOOOOOODOO (Step 1).
00,100000000000 Smallarray 00000000
O000,000000000 Smallarray 000000000
OU00000000,0000 (Step2). DO0O,000000
0 Hugearray 0000000000000, Small array O
00000000 (Step 3). Step 30000, Small array 0
00000000000, HugearrayOO0O0DOO0OO0ODOOD
O000000000. HugearrayOOOOOOOOOODOO
O0oooO0oooo,02(0bo0oooouoo,00ooo
O0000000o0oo0o00o0ooooo0. ooooooooo
O00oo00,00 110000000, 00O, Step200
O000000o00oooooooOoOoO,0o0o0oo0o0O000O
0000000000000 00D00O00UOD (Step4). OO0,
O0000000000000000000 “Local array” 00O
0. LACO0O00000000O0OoooooO, IEM/LAC
0000000000000 0ooO0O00ooooooooo
00000,0000000000000000000 Huge
array 0000000000 0OO.

4. IEM/LACOOO0O

oooo, IEM/LACO00ODO0O0ODOO0OOOOO. O
oboooo,03000000000o00 20000000
oobOo0ooOoO0ooooo0o. ooooooooboooooo
Oo00o0o0oooo 1odBOOOOOO. ODOOOOOOOOO
00000000, (fmain,Pmain) 0000000000000
. ob,0000o0ooooobobobooooooood
. gbd,boocoocobooooboboboobooooooog
0000000000000 00oO0O0O000oooD SX-900O
oooooooocooo.

Ground Plane

Figure 3 SSPSO 200000000000000000O.

N} = N}) =200 0 Huge array 0 IEM O 0 IEM/LAC O
0000000, Open 0000 Short 00D O000DOO0
000000000000, PO Hugearray D00 0000
0000000, IEM, IEM/LACOOOOOOOO0O, Small

190""I"" rryrrTTTrT T T T T T T T T T T T
21=0.54, a=0.008251
d,=d,=0.754, h=0.2510
N,*=N,*=50, N,"=N,"=200
(gmein! Wnain)z(lool 00)
10dB-taper, P=10%
n~=1

180

=
~
o

=
[o2]
o

=
0
o

Magnitude of Z, [Q]

Colinear

140F— Full-wave [

- < I[EM/LAC (N/=N,'=9)

PR SR I N S T U W U S WU N NN SN RN NN SNV SN NI SN ST N RN SRR N SR
B0 =% """ "15 20 B 30 B D

Element number n,

(a) OO.

of— Fulwave  21=054,2=0.008250 |
x |EM/LAC d,=d,=0.754, h=0.251

35 | S_X| S— h—n1 e

(N=N,=9) N,=N,5=50, N,"=N,"=200]

10dB-taper, P=10 %
n=1

sof (Bcire Brar)=(10°09) 7

Phase of Z, [degree]
&

Colinear

[—o— I —— 1

_15||||I||||I||||I||||I||||I||||I||||I||||
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Element number n,

OEER

Figure 4 O00000O00OO.

array 00000 N; =Ny =5000, IEM/LACODOODO
Local array 00000 NL =N, =9000.
00000,040 Hugearray 000000000000
000D00000D00000D0O0. 040000, “Full-wave”
00000 MoMODOOODODOOODOOODODOOOD
000000000, 000000000000000000
00000000000 DO0DO0D000O000O0DOoooo.
000000,n, =11,14,and 24 000000000000
00,0000000000000000000000000
0000000000, [EMO0OO0DO0OO0O0000O0000
0000,00000000000000000000000
0o0o0O0. 00000, IEM/LACO0O00O0O0C0ODOO
00000000000 000,LACO0D00O00DO0O0Dn
000000D0O0000. 00, “Full-wave’ 00000000
0000 750000000000,0000000000000
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00000000000 0000O0O IEM/LACODOOO0
oooooooax10bOOOO.

5. Jgnoooooooon

0000, N =N}'=100000000000000 Huge
array 0 IEM OO0 IEM/LACO0OO0O0O0ODOO0. 00000
0000000D00000000000000000. Small
array 00000 Ny = Ny =5000, Local array 0 00O
0000000000000 N.L= N, =3 (ie, 1.5\ x 1.5))
O00. 00,000000000000000000000
000 (without mutual coupling) 00O 0. 0000, Open
0000 Short 00000000000 DOOODOOOODONO
oo.

5.1 00000000000 0O000

0000000000 Hugearray 000000 IEMOOO
000D0,01000000.01000000,000000
000000000000000 03dBOO0OOOO. OO0
00,40°0000000000000000,0000000
0000 1.3dBO0OO00O0OODOO. 00000000000
0,00000000000000000000000000
00 EMCOOOO0O0OO0O0OODODOOOO,0000000
000000000000 00D000000000.

Table 1 10000 x 10000 00 OOO0O0O0O0O0O0O0O0O0OOOOCOOO

gooag.
Actual Gain [dBi]
IEM | w/o mutual coupling
Mainlobe (6 = 10°) | 82.0 81.7
Sidelobe (0 ~ 40°) | -3.9 -2.6

5.2 JO00OO0OOO0OOO0OO0OO0O0O0
goooooobooobooooooooobobooooooo,
000D “Relative gain” O00O0OOCOODOODO.

_|EP0,9)°

[E(0,0,0) (1)

Relative gain = |[Eg|

000,E0 (4,¢) 000000000, PO0DDOOOOO
00D0. 0000000,0000000000000000
0000000D00000000 [Eg/ 0000000000
00-00000000000000000000 [6], [14].

2| E
p(lER]) = 2Enl gy

o Eg|2+[Ex|?
2|EhﬂJEhﬂ)e,\ =l + || @
0((2)00,p000-000000000000DOOODOAO,
Ez0ER000,0°0 |[Ef000000.00,L0000
1000000000000. 000, P,0,00 ¢0000,
go-ooobooooooboooobooo,0oobobocooooa
Oooooooooo [8).

|Er|=1-P. (3)
N
> [Ea(6,9)*

o? :P(l—P)%. (4)
;1 E"(07 ¢)

Table 2 O00000O0O00O0O0O0OOCOOOOCO.

|ER|* [dB]
P IEM/LAC (1-P)?
0.1 % | —0.0096 ~ —0.0094 | -0.0087
1% | —0.0958 ~ —0.0952 | -0.087
10 % | —0.998 ~ —0.996 -0.92
|Er|® = |Er|* + o2 (5)

o00,E,0nO00000000O0CO00O0O0COO0O0DOO
Oo,NOOOOOOooooo.
0(4)00,000000000000000000O00O0
gooooooooobooboooboobo. obooooboo
goo0,0o000000000000DbO0O0b00bOo0ObOO

N 2
o0, | > E.0,¢) x N’000O0O0O0OoOoo. 00000
n=1

N
3 [En(6,6)" < N DD o = P(1- P) 0000000,

NOODOODOOOOO0*~00000000.006°000
O (e, |Eg|=1-P)000000000000,0°~00
oooooooooooao.

|Er|* ~ |Er|*
~ [Eg|’
=(1-P)> (6)

goooo,0o0b0000oobo0ooooobobooooon
00000D0000000000000000 6200000
0,0(p)0000000.000D0DO0DOOOOOOOOO
oo0ooooOoOOooo0o0o0oooOoOOo0O0o00ooooon. oo
oo0ooooo0,0000000000000000D0O0O0
ooooo,0000000000000D0C0O0000D0O0O
0000o0ooooooooooooooooon.

Huge array 00000000000 0ODOOOODOOOODO
02000. IEM/LACOO0O0ODOOODO0O0O0O00 Mgia O
20000000,00100000000000 1500000
0.0200,IEM/LACOO0O0OO0O0OO0COOOOOOOOOO
oo0o pOO0O0OOUOOOOOOOOLO, (6)DOODO
0 (1-P?0000000.000,02000000000
ooo0ooooooooooooooon.

00 Hugearray 0000, ~40°00000000000
0000000000000 S5000.0 (H)OODODOOOO
gooopoooppooo,0s00000dBO0OOOOOOO
gooooooOd,0fd0ooooooooooooooooo
oo0ooooO0ooooO0o0oo0. 00 Huge array DO0O0O0O
ooooooooooooooo,000000000000
ooooooooooooocoooooOboboO00o0oo0,0o00
pPOO0O0O0O0O0O0O0O0O0O0O0O0O0O0O0000000O0DO0O0O0O0
gooooooobo.oooosboboooooo,oooooon
gooooooOooooo,000000o00b00o0oooon
go0.0500,Hugearray00000000000O0D0O0O0
0oo00oo,P=01%00000000 0.4dB, P=1 %0
0000000 1.1dB, 000 P=10%0000000O0O 2.8
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'— IEM/LAC (N,=N,'=3) %\

|-=- Nakagami-Rice ]
(w/o mutual coupling) 1%

1o P=0.1%

[ 21=0.51, a=0.008251
d,=d,=0.751, h=0.251

- N,=N,*=50

F N,"=N,"=10000

[ (Hma'na Wna’n):(loov 00)

| 10dB-taper, My;y=2000

A qaelobed 9=40°

~12 -10 -8 -6

[y

\
9
o
T I | N - T Y

4 2 0 2 4 6 8 10
Relative gain [dB]

Percent probability that relative gain > abscissa [%]

Figure 5 Percent probability that relative gain of a sidelobe at
6 =~ 40° is higher than abscissa.

Mainlobedirection SSPS(0.9 X 0.9 km?)
(Acceptable worst)

A @ (Tolerance)
Mainlobe direction

(Best)
Rectenna (0.9 x 0.9 kn¥)
Earth

Figure 6 SSPSOO0OO00O0OOOOO.

dBOO0O00O000000000000 10%00000000
O00ooooO0o. 000, IEM/LACO0O0D00O0O0O0OOOO
gbobobOobo0oboboboboobobDobDobooobooon
O,00000000b0b0obOobOoboobooooog.
5.3 DUO0OOO0OOOOODbOOO
gooooooooobobOobobobobobooobooo
oo0,000b000b01000b00o0oboooboo.boooo
0 (Geostationary Earth Orbit, GEO) D000 OO O SSPS
gboo0oooobo0obobOooo0oeb0ODb. OD0DODOD
00 25GHz20000,0 60000000 SSPSOOOOOd
gbooboobobobo,boobooboobooboon
O000. 00,0000000000000000 SSPSO
oboboboboobooooooog.
gobooobooboobooboo,0cboobuoboboon
ged0oboboooboboooobooboboobob. bo
o,00b00bob0ob0oboboboboobooooog.
0.45
35800
IEM/LACO0O0O0O0,00000000000000O00O0O
0000o00000000. 00000 Mgia =2000, 000
0 P=0.01,0.1,1,10,30 %000. 000000000, 00

Af = arctan( )=7.2x10"" deg. (7)
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0000ooo0o0ooooooooo,P=30%00000
010" deg. 00000. O0DDOD (7) 000000000
gobooooooooobooo. oob,0000000000
goboooboooobobooooooooooooo.

6. 0 0O O

odooo,00000d00pooocoduoooooguooon
oooooooooo IEM/LACOOUOOO0O. 0000, 00
00000000ooooooooooooooooooooo
000ooooooooooooooon.
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