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Technical Progress and Key Technique Analysis of Magnetic Cleanliness Solar Arrays

ZHAO Wenqi, YANG Ning, LIANG Yilin, XIAO Shaolong, YU Zhenhai, XU Jun
(State Key Laboratory of Space Power Sources, Shanghai Institute of Space Power-Sources, Shanghai 200245, China)

Abstract: With the increasing demand for scientific exploration missions such as gravitational fields and
electromagnetic fields, the requirements for the magnetic cleanliness of spacecraft integrators are becoming increasingly
stringent, especially for solar arrays under illumination conditions. Based on the major scientific detection model
missions at home and abroad, in this paper, the development history, implementation methods, and model
applications of magnetic cleanliness solar array techniques are outlined. The techniques for realizing magnetic
cleanliness solar arrays are systematically analyzed from the aspects such as front layout, rear cable direction, and
substrate thickness direction, from which the key techniques of low magnetic material selection, mirror-image
symmetrical layout, free-end cable control, and compensation cables are obtained. It provides a reference for further
breakthroughs in the subsequent magnetic cleanliness solar array techniques.
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Fig.2 Front double-mirror symmetrical layout of the

solar cell array of TC-1 and TC-2 satellites'’

K — 5 PRI g e T S7 F A 28— Bk
BRI 25, HLOR A R AR R s i R . KA
W By TR 4.92 m?, AR 254, A 45 6 B =0 K FH
Rt AR AT P 00 45 0 2 B A 2B =2 B L A 35 0R
H 26.8% & 1 GalnP,/InGaAs/Ge & BH Hi ™ .
Sy 3k B R PH HRL b FEL B O A HL R B 1A 2 BIOR R, K
BH FEL Jt H 36 Bk BB A% 0 Bk A1 H B 26 A U S
T Wy WA 15 1A% 8 A 3% 4Rk 1 R T e K, 2 g R

A S 5 [ Bt ) P T 10 4 R 0 R O A OR [m]  R  HE
Aji T K BH H 9t T, DAIG T 0 R o B R
LRy LN R A & B A, &
SRR, oK B H, v H B R G /N T 0.06 Aem®,

VB A T 55 18 Al a0 47 R 0 )2 v i A 3
M TR, K8 — 5 T 20184E 2 A RS A B, Ll &
JE 507 km, K B3 R F B3 = Pt &5 449 . KA
b R IE TR F 87 AR L T E &k G AT & A I
BT v gl R AT E R FR AT R o P R K B Rt
4 MR U ARARES 443 B 2R FH 0 T 84 A TR ARV R
PR B H il 2 B T G R, R AT A A A B i b L
ME T ARSI eS| i i i . oesh , sk il — 5 3m 1
AR B AR PE AT T RG22, FE oK PHER
e m b BEES 1 m Ak 24 BORE S B KR 0.96 nT
FE A PH 3R] — A - 1 L B R B i 2 1 m Ak Y
MM TR N LAnT . S A HUK Bk
ELA S BUR 7 R 5 T B A 1 A O
Y/hF 0.011 nT. MR EFLIRLE R, ik fis— 5 1
B A AR B 35 ) 0.33 n T il R AR KT 0.5nT
2R .

2k E K MR b B R SR AT
3 0 4K B o e B 4 SR AT 8L
SO ek S B 5 DL o e 1 O R 2 B
T« LA R b B 10 B A 50 55 1 o S 2 25
il R L BAKC B H S e TR A R L 1
Y 1 1L R AR R O 03X 3 A 07 4R 0 it
EPNGERTEN AR T

2.1 ERAREA R

K BH F v B A R HE A
SRR H P A A b ORBH R KRR A Sy ST
5 GaAs HL L, 3 2 K &R 40 Sy il 55 AR BA RE , TRt KB
F, T PR B T K 22 BOM B Sl TG M ORL , AT RE A AE B
T B v b R o B R, BT RS R
0 N R SR S O R o AR G 1 - E
Rl T AT AR I ok VER ERRE RE
AT st Yo 1% 3% e S SR e B D RAT: 55, AT LA 3 T 4H
i R AOE AT R AR AN AT G N D
TEPE R BN DL, X B4 RE AT 9 G A 3R DA B R
PR B2 b ik /L 5% A B 3 o 10 em Ak B 0T 4K B 3 R A4
HE R R R A R UL R 1, RS Bk R R H



9540 % 2023 4E45 4 1

LS, 568 Tl 1 e R L i R BB B 5 S BB R S BT 71

A RE A DS A0 T o S T AT AR B0 R PR )= L (H
JOOF B A o B i R o ) AR EL S R B
A LA S A B S BT W (EATS A A A R R
A g AU

F1 AEEZERFEIER 10 cm EELHEENEE RS
Tab.1 Magnetism at the distance of 10 cm between the

kovar and molybdenum interconnectors"”

HE R T4t 45 51 T WAL B S
CINs4 3nT OnT
4H <1nT 0nT

BRI R AT AR R S FORE A R) HLAR
AN WA L S A G S 5 B2 IR T 10 000 G(1 T) BAF
i, AT £ b R B g Ak R AE R S 220, 7 b ER IR K
BEIREE N, K BH H it Fi B AT £ B 3% R J8 A AN
11 9.9X107° A-m?®, 3 /N F — AT K 45 T G F5 A 22
Ko BRATARCE % R Ab R W B g Ak R O T, A
TE PR A% 7Y L S 2, A0 T36W 55

22 EBEMWHEES EHIRLEES

TE K BH ALt L B BT R, Dy S BERE T i A
O T AV 55 A5O0 FR A JRy BT, A4 T TRI K FH R it 4 1
Aii Jry VT TR 2 B E 1) | R A A 2 BT 2Ry
G N 8 I SR ST R o DS DB X
A 10 G A5 R BE T B ) R 4 A E L R
G 2R B /N 51 2 B i T AR R DR R S
2 REL UL 7 1) A PR o A B R Tt R B TR 4R B 1)
1287 WIS W NRC SIS = D0 ool A/ PR B s Rt /3
A DX I T O R e DX RS AR S FR BT Y T
e T REAE R WA E T 2
Xt F B IE GG N AT T R — 2R B

A K BH R, Y PR S A T ZH PR A R T TR 4 A R
ek, R AT e U 1, 7 S AR JRE B2 T H
T ER S R A7 X B LT, S B BH HRL v HL B R JRE 7 1)
£ R T A1 o A K B R Yl v B o 3 A DX I, — BT
DUT O B v AT e () e 6 R T2 S it e R
FHIE DR A 2% 5 ) BB S HE A, TE BB K A IE T
M IF A . g s/NE R TE M g B AR
{14 L AL B B AR, R AT I SR A B Bk AR
VeI, A5 IE 6 5 B B 7 A B R R LR

WA, 2 18 O PH e Y v 0% 0 B A B T AR S
3B TR 73 A A TR 4 51 1 R 72 Ak A K BH

R UL FR S A R s T I, R FE O3 B R B A R AT
43 WX BR A JR B 1, ORI 45 43 B AR R X
@]jﬁo

2.3 AMERLEIRIT

TE 52 B AL R 28 0K BH HL I H B T v, R B 3
B RUSE B ML 245 4 36 o KB v 3t F B B R A
T8 TG 1 R AT BT AR A FR B K BH A i 4, Dy ot Al A
A THT JC ¥ T o AL B R AR T R S R T
P B U 5 1) A 2 B A2 2 A8 R A TR IR, AR R
A A7 BV OE AL O R AR — B T Al SR
PR R, X T OB BT R FH R H R e 4
T IE ThT 2 0F Hh O 0 AR E £, JOIE AR S 2 A P
A7 4 B Bl 8] B — BB R A B, 2 ar S B R
R

{EUZ A v 3 2 A R AR RS B 5 T 5 ACER
(18 SR, 1 Xk O T 0, ) o R Al G T E AT 7 4T 2 A
Al Jey e it R e RS RE T3 1) A A H AL A B T 1)
A, BARS DL T R o8 e 4K0H o L Ah i o U
P g% 10 e R R AR JRE R T 1 1 1) A

3 HKIE

AL HTF MGS .GRACE .GRACE-FO 45| X
B K — Y ki — S R N AN E ) R R A
PRI 7Y 5 A 55 68 [ D9 A0 i 37 v K BH R b R R B R
1) & J oy A s B 5K A R R R B E AT T A
28, JF DIE T A JRy |8 T 2k 48 1 DA R R AR R E
] 55 7 181, 25850 1 O BH Fa vl v B8 — A T Y %
SRR AL E AR #E MR BRI BR A R S A B
Uiy 48 A ) AR AR, O S S G 3 v K BH R b R
PR i — 2P AR S

£ & Uk

[ 1] ZAGLAUER A, PITZ W.Champ-the first flexbus in
orbit[ J].Acta Astronautica, 2003(52): 747-751.

[ 2] DAVIS E S, DUNN C E, STANTON R H, et al.
The GRACE Mission: meeting the technical challenges
[J]. NASA Technical Reports Server (NTRS), 2000.

[ 3] KAYALI S, MORTON P, GROSS M. International
challenges of GRACE follow-on [C]//2017 1EEE
Aerospace Conference. IEEE, 2017:1-8.

[ 4] PARROT M. The micro-satellite DEMETER [J].
Journal of Geodynamics, 2002(33):535-541.

[ 5] ZALTK, R 24, 8 0 F o i e I i 30 T B2 (o Ay —



AR (R 3E30)

72 AEROSPACE SHANGHAI (CHINESE &. ENGLISH) 5540 % 2023 4 4 1

S)RGERIT SO AR [T]. @R E M, 2018(S1):7. [16] X4 2% . i 5k 25 (i) WAL R 32 (], 3t 2R 4y 215 48
[6] STELLAP M , ROSSR G , SMITH B S , et al. 2001(44) :573-580.

Mars global surveyor (MGS) high temperature survival [17] Eu55 Xu8k, 84 5 5 R B RGN

solar array, in: conference record of the twenty fifth ﬁ*ﬁ[()]//tlﬂl_l%ﬂn?ﬁéﬁ@%?k@" i 2

ieee photovoltaic specialists conference-1996, [J]. £%,2005.

IEEE, 1996, 283-288. [w]i@x»ﬁﬁﬁ%$é%mﬁ%WﬂEﬁm%%ﬁ%
(7] Bk e d S0, BRE 4 4 K — 5 JOR R S B ) 22 ML M R BE R LC L/ e e R AR P

g [I] B R, 2013(30) 1 6-11. T2, 2005
[ 8] GRASSET O, DOUGHERTY M, COUSTENIS A , [19] B, P EERK, B B b, 45 58 K — 5 O BRI L TR

et al. Fletcher, jupiter icy moons explorer (JUICE) : an DREFEART]. LHK,2013,30(4) :105-107.

ESA mission to orbit ganymede and to characterise the [20] BRE W, 4, W&ET, % YH-1 K 2% 81353 &

jupiter system [J]. Planetary and Space Science, 2013 WEHIHERET]. B R ,2009,26(3) 1 6.

(78):1-21. [21] XUHUI S, XUEMIN Z, SHIGENG Y, et al. The
[ 9] 88 BRI, Ak, A TR AR % 40 5 7 U state-of-the-art of the china seismo-electromagnetic

MAFFE[T]. R EERE,2009(9) : 1544-1550. satellite mission [J]. Science China Technological
[10] 268 25, SPAHA , F L 243 (8] i 5 2 20 90 4 HOR 25858 Sciences, 2018, 61(5):634-642.

[J]. BiEfi R, 2010,27(3) : 10. (22] sk55 A, X T0 8K . A B H i e 0 33t v 2 1 B ik
[11] ACUNAMH , SCHEIFELEJL, STELLA P ,etal. SAELT]. s UEH AR ,2020,353(2) : 87-90.

Magnetic field cancellation techniques for the Mars [23] ALURRALDE M, BARRERA M, BOLZI C G,

global surveyor solar array [C]//IEEE Photovoltaic et al. Development of solar arrays for argentine satellite

Specialists Conference.IEEE, 1996. missions [ J]. Aerospace Science & Technology, 2013,
[12] TOLSTOJ M. Analysis of disturbance torques on 26(1):38-52.

satellites in low-earth orbit based upon GRACE [M]. [24] DU J, CHEN X, JIA X, et al. Microstructure and

Aachen, North Rhine-Westphalia, Germany: RWTH properties  of metallurgical bonding  Mo/Pt/Ag

Aachen, 2017. laminated metal matrix composites [J]. Materials
[13] KORNFELD R P, ARNOLD B W, GROSS M A, Science &. Engineering, A. Structural Materials:

et al. GRACE-FO: The gravity recovery and climate Properties, Misrostructure and Processing, 2019

experiment follow-on mission[J].Journal of Spacecraft (743):743.

and Rockets, 2019, 56(3):931-951. [25] STERN T, DELAPP S. Techniques for magnetic
[14] KROON M, BONGERS E, CAVEL C, et al. Low- cleanliness on  spacecraft solar arrays [C]//2nd

intensity low-temperature (LILT) power prediction of International ~ Energy ~ Conversion  Engineering

JUICE solar array [C]//2019 European Space Power Conference, 2004: 5581.

Conference (ESPC).IEEE, 2019. [26] 555, XITCHk, LA . — Ff o 42 il i 9 j T X T
[15] KROON M, BONGERS E, BUBECK K . Magnetic K BB K i % % 3E J7 B - CN201510050633.8 [P

C1//2019
European Space Power Conference (ESPC).2019.

tests and analysis of JUICE solar array [

CN104699072A[2023-07-117.



