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Abstract

Solar cells have widely been utilized for a satellite to convert sunlight energy into electricity in
space. Many different types of solar cells appropriate for each satellite program are available in
current markets, which enables us to construct a solar array light and small often required from
a low Earth orbit (LEO) synthetic aperture radar (SAR) satellite. Thus, it is important to choose
a proper solar cell satisfying the requirements of mass and size for the solar array. In this article,
we have surveyed typical suppliers and have discussed some characteristics of solar cells.
Conceptual design examples of the solar array for LEO SAR satellites using several types of
solar cells have been performed to show the pros and cons of solar cells by comparison of the
total mass and size necessary for the solar array.
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Fig. 1 Structure and spectrum of triple junction solar cell”
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Fig. 2 Efficiency of solar cells®
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Table 1 Comparison of models

Model XTJ ZT] IMM4J S32 3G30C
Manufacturer SpectroLab SolAero SolAero AzureSpace AzureSpace
Structure Triple-Junction Triple-Junction ~ Quadruple-Junction Silicon Triple-Junction
Efficiencey 29.5% 29.5% 33% 16.9% 30%
Mass 84 mg/cm’ 84 mg/cm’ 49 mg/cm’ 32 mg/art’ 130 mg/enr’
Anti-radiation * 85% 85% 81% 74% 90%

*Anti-Radiation (P/Po @ 1 MeV, 1E15 e/cm” fluence)
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Table 2 Orbit parameters & requirement

Parameters Value Remark
Altitude ~600 Km LEO satellite
Inclination 45°
Orbit period / sunlight / eclipse time 95 min. / 60 min. / 35 min. 15 orbit per day
Life time 5 years
Payload required specification Strip mode (3 m Resolution) 100 s continuous imaging

QIR Al 9 BT E R S RETHE 71 ol 058.0] AEE7|S ARSIAA 7 77hEE T 2
ShEo] SISk Fellol wfel 22 FgohArk, S9] 9T5 Sk AT 192 o] 9140] 2
491 PHHES A= 1815 AL7b] wholc, 4 AR asie A7) Al et 4 7K1 7

=
FoF 4] 7171 7397t Bl et A o] ol worst caseol] S EE 4] 717E] eftttal 7Rl

ol-gsto] AF-Z FaYsfjoF giet. o]uf BHEiﬂloﬂ 1%*% oNIZ] A A] vlE] 2] 9] /7 a-&(oF
80%)°l ofet e Ao iAget = o] ¥ X*OW 2] 717+ 4F5-3o] worst case?l o]t of2fl Table 3
2 7 Ay o] w2 SAA(SAR GG HI(SAR Instrument) U ZHZ(AZR(EPS), YAFAIE
(TS), B ulo[ElA 2 2(CDHS), A F(AOCS), FHE(PS), BAIIFHTCS) Q] mEH A= S e}
W 7o},

Table 3 Mission scenario & power consumption

Sun Eclipse
Time (sec) 3600 300 360 90 60 60 60 100 60 130 60 770
Platform mode HK HK - slew - - slew - slew - slew HK
Payload mode HK HK warm-up SAR D/L - Imaging - SAR D/L -  HK

Power Consumption (W)
SAR instrument 63 63 210 254 535 795 660 1030 223 358 188 63

EPS 41 41 41 41 41 41 41 41 41 41 41 41

TS 0 0 40 40 40 40 40 40 40 40 40 0
CDHS 23 23 23 23 23 23 23 23 23 23 23 23
AOCS 134 134 134 1980 134 660 1980 660 1980 660 1980 134
PS 14 14 14 14 14 14 14 14 14 14 14 14
TCS 150 150 150 150 150 150 150 150 150 150 150 150
S/C Total 425 425 612 2502 937 1723 2908 1958 2471 1286 2436 425
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SAA AitE]= 4= SAR(Solar Array Regulator) & &3l Alo1==H], 4] 717t 52t AL vie 2] o] ¢
A= MPPT (Maximum Power Point Tracking) RE = 2 AARS Z|T 2 Sto vjE 2] & S5kl
HjE}2] 25 o]%of= CV (Constant Voltage) B E= 218tsto] vlje{2]of] 2174 oA|AE AASHA| F-AI5HH,

17 Alofli= DET (Direct Energy Transfer) R 2 A3l5}o] SA Q] ASRIAS THAA|7|A] %EP). H = Hof
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Fig. 3 Load profile
QR SAI) BR Wake 7|20 2 29/5%/ AP0 FHEIR, SA) Fato] 100~500 ke

Q1 SV3S 4914, 500~1000 kgl SV FRA, 1000 kg o411 $1L g0t} ghepy, 2 1o
A A B 91 239402 Fe0] 500 kgole] 01743.0 m Bo] 1.8 mole. ofef Table 4= £G4

Table 4 Small SAR Satellite Specifications

Parameter Value Remark
Spacecraft mass ~500 kg Dry, small satellite
Spacecraft height 3.0m
Spacecraft width 1.8m Main structure
Power 1250 W
Battery capacity 3200 Wh (64 Ah @ 50 V)

3.3 EHQVER) A A W SA WA Zat
3278014 3745 SA AT 27 AWISH] 915 Sol AT o] 4B A5t ol e SAY] A
=i} Wake F5At Gk SA A 228004 ZARE TR EjoFA) A AIEES o] g5to] 21
o) 23 AR SAS0] Wet AL vlweko 24 49 SAR §)4e] Halet elopiA) A AES APHsir)
WA SAS] Wek} Wake Pohe 73S Alvl R cheat ek, 919] A1) ol§ate] SAS] At 7%
o] 24| e ] A A F51o] SAS] PG AeFA 0 2 ARG 4 ek, eopA] o] At
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oVFel BAXES o185t Table 3] A1 A 52| AlFE SA AAE = Fig. 49+ Zt.

Solar Array Area Solar Array Mass
7.39 -
g 6 5.14
5 |
o Chil . 3.45
TE‘ 4.06 4.11 3,75 3.06 52 3.41
w4 2 2.37
z s, | 1.84
N .
0 - 0 -
XTJ zn IMM4) $32 3G30C XTJ zn IMM4) $32 3G30C
Models Models

Fig. 4 Design results without manufacturing constraints

QA YA Q18] WAt SA WAL $3271 7.39 m’E 7Y 2.1, IMM4J7L 3.75 m’& 718 Zot
$320] 50% s==oltt. ol= HiFA] A o] G-gof whet FAR A4k 91 WAt SA 2717227 uf
Folr, whakx] g-go] 71 W A2 el x| Al §32 Ag- A] gt SA HAo] 7R It Tt AAIE
SA A=k IMMAJ7}1.84 kg0 & 71 71811, 3G30C7}5.14 kg 2 71 BT SA WA 2 Asko] = 717
Zrol A Ttk XTJ, ZTJ, IMMA]7}F 2est, $32= W& wol Ragtsla, 3C30CE AeEHo
A B2 71 0 &2 mokeT) A AAE = i z] Ao E4of uEk 2ol g Bol1 §hgS & 4= Atk
o171 A YAt Q7 ol tis] Thes] ik z] Anko 2 JAd ] SAC] Al 579k Hlwah ot AA =
= SA ARF A EjeFaz] o] vl e B9, Z1AIE ARt aE T esfof gt

SAE SHR LA (substrate) of) BIFR] A F2t A] 2hed] 37t SHH-S 9ol AA] sjFdz] Alo] HA o] H]
off & H2lo] " gofrt. ofwf s} L34 HA thH] BjFA] Ao WA o] 2FAol= HI-E&-Z filling factor2} of
w8 d¥rH o= filling factore 0.7~0.8 HIkolth. & =wollxe= thed] 942 AAE HiF 2= filling
factor®] B2 AHEdto] 2851990 ™, 1 A= ol Table 59+ At} 54 filling factors 41(7)} 0]
R A o] ZAA) Aol tiro] T ahE A 0] M o] AAEH Y, AbE s A0 e 2 =
24, 71414 AR e A4S T2gh SAS] WA o] Het,
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Table 5 Filling Factor

Satellite Substrate area (m?) Solar cell aera (m?) Filling factor
K6 10.950 7.990 0.730
K5 8.290 6.820 0.823
K3 6.870 5.514 0.803
K3A 6.620 5.800 0.876
Average 0.808
Agubrae = e Q

E3t ol FEAolh= CIC (Cover and Interconnect and Cell) 7} 72 E=t] CIC= 7] Alof] S5-A
X0 2 HE] gjoFdz] g H §517] $15F Coverglasse} P 2] A7F A72-& 915t Interconnect, 32 HSE
912t Bypass diodeZ} 571 @Hjolet. wheba] CICeF 1 152A4|9] Hig7kx] 1ejdd wf SA A2 5751
ok
9 948 e R] Azl A TSl CIC Al effdz] o] theH A A= 21

|

1_‘:_ =
HEr o & Al CICE 371 2H S7es BelH e AaS AHEst, o] 9 B A& AA el 2

Table 6 CIC additional mass

Model Manufacturer CIC mass (kg/m®) Solar cell mass (kg/m?)  Additional mass (kg/m?)
ATJ SolAero 225 0.84 1.41
UTJ Spectrolab 1.76 0.84 0.92
XTJ Spectrolab 1.76 0.84 0.92
ITJ Spectrolab 1.76 0.84 0.92
Average 1.04
Meoe=1.0444, ®

SR L2A| 0] Ak Bl R] Allo] F2HE facesheet@} BlYARE AR o= core® Uro] FA6H3T.
facesheet @] 73-¢ Carbon-fiber 241 M55]/Epoxy & AF8-514 0.5 mm T2 AlZEH, corer= AHSE
A HA R ] honeycomb FERZ F77} 25 mmo|™ Aluminum A1 3.1-1/8-50565 AF8-5l| AR

3157551 ofef Table 7 facesheetk core®] 214 B 47415 Lkeh Folu], 2} 24 thE2] Aol
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AR 2Afjolnt. 2ol YEhd 25 v o=z 4(9)e} o] sHE A4 9] AT A 2 AHEet Fulof 24

o A= Fo) (10 EE5HT ofE Fo ol TRA WFE FHL 4 ek

Table 7 Substrate mass

Structure Material Thickness (mm) Density (kg/m”) Remark
Facesheet MS55J/Epoxy 0.5 1623 Carbon-fiber
Core 3.1-1/8-5056 25 50 Aluminum

Msubstrate = Asubst’r‘ate [mZ] < 0.5 [mm] X 1623 [kg/mS] X2+ Asubstrate [mZ] X 25 [mm] x50 [kg/mS] (9)
= 2'873Asubstrate (10)
olo} o] Ba|&, 7| A1A Azt 84S Te]6lH SAC] AA(A4 ) filling factor= Qs ¥ Wiz, AF

(Mg p)2 BFAA] Ao B (r,,)0l CICE &M ) S FE2A DR, 1110001 F7HET B 571

shma £111), 4122} 2] e 4 ek,

ASA
Asr= 5508 an
MSP = MSA + MC[C+ Msubstrate (12)

SA A2 Al =24, ZIAIAR] ARt A5 d1efet SA A Avhe= o Fig. 59F £t

m Solar cell
Solar Array Area 5 Solar Array Mass mcic
10 39.00
1 40 ~ M Substrate
8 1 35 -
= 30 4
E 61 ) 23.54 23.79 24.74
E* 5-03 %25 1 20.40
g 4 % 20 1
< 25
21 10
0 - 5 -
XT) IMM4) 3G30C 0 -
Models IMM4) 532 3G30C
Models

Fig. 5 Design results with manufacturing constraints

Fig. 514 22l Al a A8 T2jst Aol 7P 27 71e AE-E IMMA]2A Bo] 4,64 mPo]H]
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rN

it

= HA o= Qlsj CICY] o] 3.90 kg, SHE-F2A|Q] Substrate®] Hwo] 14.66 kgo] Hof 4] SAS] A
20.40 kgol==2 43 SAR 9140l 7P AT A o= et XTI, ZT] GA| AlRFeAE defstoix 4
vt 2 0] Tl £GP AR 7Fe R A L= HRlrk SRR S32= A4 1251 gFe 7399
T2 237 kg AERoHU AFeAS veshd Wo] HolA CICY| Aol 7.70 kg, b A
Substrate©] ko] 28,93 kgol o] 7] SAQ] ke 39,00 kg © 2 FE5H| Hek. 3G0CE A4S 1
HoHA] @Fe 7372 A2 5.14 kg o2 7HY 77 2 B 8] SA 314 W#o] Fof CICo] Aol
4.12 kg, M FZA|9] Substrate?] Ago] 15.47 kgo] Flo] ] SAQ] A XTJ, ZTJo} Hl5qt =5=0] |
o} 3-8 Bl A AlEES o8t SA A A A Bl o] 1t gats #jlIsk] flste] AT <l i
= Tables 8, 9o WP SITE. 4714 7ha252 71E0] S B A A AlES01 L Al252 71% Akt H]

sh= 7|Ete] AlEs 2 A1 A4t BykE Uehd Zio]o}. Table 8ol HH SA AAEH0] 7P 22 Abs
AT A AR IMMA] ARG A] $325 AH§SH 73-9-9] 51%0]H, ZTJE AH§8 3991 91%°] 82 &

% 9let.

rlo

o

0.

)

Table 8 Relative ratio of required area for SA

XTI ZT] IMM4) S32 3G30C
XTI 1 1.01 0.92 1.82 0.97
ZT1] 0.99 1 0.91 1.80 0.96
IMM4) 1.08 1.10 1 1.97 1.06
S32 0.55 0.56 0.51 1 0.53
3G30C 1.03 1.04 0.95 1.87 1

Table 9 Relative ratio of required mass for SA

XTI ZT1] IMM4) S32 3G30C
XTI 1 1.01 0.87 1.66 1.05
ZT] 0.99 1 0.86 1.64 1.04
IMM4) 1.15 1.17 1 1.91 1.21
S32 0.60 0.61 0.52 1 0.63
3G30C 0.95 0.96 0.82 1.58 1

Table 9of|4 BH 71 7PEA] A7} 7H53 IMMA]E ARE Al 7 7712 S328 ARg3E 7399} H|w ]
52%°] Azge] s F=" 3G30Cet vl Al 82% HEo] Aol sidEe & 4= Itk Tables 837} 925 H
IMM4] AlZe] e B WA o] Adapt 7id 2 Alg o= SRIEIH.

SA®| 4% /7372l E Soto] A At 7150l Y= mlAl= MOl &0 5719 H§ dAaitE
7T 4= it Q1A A 500kg ootz AA] A HEAFHI-E-2 2F 400 U (Epsilon BIALA] 7155) 0]H, o]

fij

rl
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o] ko] 500~1000 kg W] HEAF .80 oF 50003 (Minotaur—C 2R 7]12)o]] v]8] 1009] 9 Hx9]

8 a3 MOIE €019 71eAdo] =l 571 A4 Al EZ7F 2 CMG (Control
Momentum Gyro) T4l E=7}F 22 RW (Reaction Wheel)-& A4 4= 9o B2 57] H-8-S 2F 80% ©]
AHRockwell CollinsAF RW 715 : 259, AirbusAt CMG 7|5 : 1509]) A7s 4= Qi

1000 Wg SAS] B 2] 9 shEF2A|9} CICE 2t Al2HH|-8-2 H| 2] A7 o]l £51= AzurspaceAt]

3G30CE 715=(SpectrolabAt UT] 715 1 109} €], SolAeroAt AT 7155 & 209 WiQ)) 0.2 9F 299 ¢lojm, &
ol AAE 919 AR TS TS flo IMMA] Al A-8-5te] 1250 W SAE AR 7%
IMM4] o] AT Al z2H]-80] 3G30CE] 282kl 7Hgstei e SAS] AAH|-8-2 709 ¢ Ujel= 3734
o}, whebA] SA A Al 2 a7 SR]EtE B-go] 0l Aio] 7HHe "I A1 E AR SAY] 4%/73
ok sl fApEgt 57 Hlg-2 A 4 o g A AR o] vl A Sl = 8 Y avt

Hole}1 2 % 9]

o

4.2
(1) 2% SAR V2] 7321 SA At Al a1efsl= oheft 48 =
skalen o5 7Hhe & St S T 4 Gl= 4% SAR 9149 SAd| it A E A S5kt

(2) 4 AAETE Fot] IMMA] AlZo] a5 25 5l 4 wdollq thE AlEEel visl d&et

4

PraA) A AEES] B

(3) SAE &9/l e = LA 3l 757 vl 8= 2HT 5 9l 2 o= wekErt,

@) &=l 3% SA a4 Bih= 5 27 SAR 1] A= T A Al eiFdx] Al 17 51 SA
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