=a

H13 % % 4 W mOE RN

2026 £ 8 A

¥ R (R

Journal of Deep Space Exploration

Vol. 13 No. 4
August 2026

IMTERNEZBE R ESRIE T ARIIER A

AR RARE,

TN

B A

B, &

Q1. AE R0 ) RAT SR B T8, JbaT 100094; 2. Bl S MARIHR M A TR AT, B 210036)

B OE: b MTERNSAEN0E, A% ot ARG RETEE . AR, SRR AL 5 iR
SN BB SR R I 4R S B R, AR R ARG, R R T R A RO ) S i Sk 8 R 22 D IR A A
SRV B TT i, I I B A S A A BRI AL T | CBha) AR RIS 2k, xSk AR A
1 22 U Sl B A A IR (WS A AT T, VAL LR O B AR AR A B R DR R . IR S SRR, X7 IR TR
TR FARIR A A T S8k A 2 Z i, B0iiE 1 iR E R A AU S CRRE R . %773 T DR TR s S s i Y FBE

A T I R TS 5 etk it R s % .

KSR AMTERIG: RS L2557 RIRA; W BIETr ik

FESES: V46 XHEMFRINES: A
DOI:10.3724/j.i55n.2096-9287.2026.20250108

NEHS: 2096-9287(2026)04-0391-08

SIFAN: B, SR, HOUR, S5 MTERINE B EIE SR R SRR S IE T I [T]. TR ARI R

(FRZESC) , 2026, 13 (4): 391-398.

Reference format: Yang Y, Chai Y M, Lei Y J, etal. Verification method for shrinkage of asteroid probe cable

insulation under alternating high and low temperatures[J]. Journal of Deep Space Exploration, 2026, 13 (4): 391-398.

51 B

NT BIRIAE S K R BRR DT BT BATEAL |
K PFH F AR PEAE AL« HUBR A= iy 2 Y545 B R FE A A v R
SR, H T C RN B s RN A ) A s s
“#£15” (Hayabusa) . “ZH]” (Dawn) . “#£5.2”
(Hayabusa-2) PA R “BRPE Lt~ (Origins Spectral
Interpretation Resource Identification Security Regolith
Explorer, OSIRIS-Rex) CLRRINSZEL/INMT B ERIMIFIRAL
WRIAL, AT BRI AR SRS, MTE
PRINAT: 554 SR 72 AR SRR 25 R 0 P 2l A I H
T W E TR TR S IMT B RIS .

5 A BRI K R RNAESS L, MT R RN &%
KIATERL RATBIY B &0 2 AR i B A2 A8 o RN 8%
LA D AR U T B B K OB R, AR AL
LOSE " RAT i B AR AR i . B8 52 A% Ji 2 75 475 AT ORAIE L W] 5
Ve 22 ath, X BRI AR % O N IR [] BL
JE ST H R RWAES . HET, ENSNEX i
FORME R PR B8 26 10 N R AEPE AR AL WL ER AT T
T, EEOFRMGI BN, BIFERS )N )
TR B ERRAIT T B AR A8 G R D 2 A
BE. AL, SRR RHLER S M R, Aa sk

ek 3 2025-09-06 &A1 H 1 2026-03-08

FEGTH : MTEIRNESS B BT H

MEHER— A ZAHT S 10 )2 ERE . A PERE AT
W25 A6 SO 1T v i PR A O R S 48 A R FE R A 5
IRV IR 2 I A BB A A, e e R AR e R
FEARFIREE R Sl R R B oA, 10 kv
J UL L e s L A 24 25 oME R ) R BG4 AT 5 o TR
BN, AEAAE SR G R BRI . FE2
i PRI AR 7 v B W A K 28 45 2 B 2 A I TR AR
AR, AR o I U 58 AR KT L 205 48 5 4 RH UL 48 1)
A B IR L AT YRR T s

NAT RN A5 (1 4% A B 5 A7 75 0 A AR ARORT B S T
FEAR B FPECUOIRA, BB TR IPBE T LK)
Ui E IR -170~120 C, FFAERMAES 10 EREFL L
VERHIRI 2 P30 O ARIR A A o B X /MT B BRI 25
Biv HEME . TR, FFRM-196~135 Ciif i ik
56 48 R R IR J5 O B 38 P 5 AR R 4 % 2 11 4
SO, AERAMEAR. Bk, A3CHH
T I T T AR KRR A (1 e 2 4 R AE R RIR AT AR
SR E T Chlig) USCAE ARSI 7 v, I TR
WAHIE S G, NeaXFRALZET 2K
W i U P A8 AR JE v AR B T 1) Cllta) (A4 i 3k
AT, PPAl LS R i 5 AR R (R A 5 O A


https://doi.org/10.3724/j.issn.2096-9287.2026.20250108
https://doi.org/10.3724/j.issn.2096-9287.2026.20250108
https://doi.org/10.3724/j.issn.2096-9287.2026.20250108

392 PRI 2 (R3S

20264F

1 BHBGERESRRRZTWLREIES &

NMTRIRMIER AT B, SRR & 2%
i FE PR -170~120 °C, #% N HL4E 7 4 2 i B 3R
5i-50~120 'C. W45 FLLL )2 BRI LA
M SRR m G W4, s it KT ge i
S FEL 40 196 ity PO R 4 PN 0 5 e Al P T A 1 3 AR T
FRARER SR, R AR e T BRI A A

BT /M MT E BRI ZE I E R R IRA R, Ho 45k H
TH MR RN T2, 42 )2 K HPTFEM A
FEP/PIFEPE & Wi IS 6011 i . PTFEMELE S 2 K S
Jital Ceia) We4e 1%, MIFEP/PUFEPHE & #IRAE T
LR FET T il KA R, B LR
(TSR 5 AR AE 22 5, E IR BE 878 00 A AR
HL, 2822 ARE I S BRI AT x5 e it 30 2 25 7
PRI R NS R . ik, ACSCERH TS
Y 25 JZ WA AR B8 7V e FRL B s 2 IR W B UL i 2R
W77, AIGIE fOE A N SRR A B 2T
RE 78 o5 AT 55 B I AR I 28 rEL 2R 10 5 Lk 4 2 2 I 4
B, BHSAREE, PRUETRIEE LS I R e A
1.1 BRBEESKRZTWLE S AT

T EIRNS B AL G R SRER, A%EME
A RIS R Aa R 1 622 S FE i in
ik 71, WRIE4 % )RS SRR, o, ik
. ZBSLBEAZARN;, A2 R TR R N SRk
JIWIZEE M T2 IR DG IR, R A8 AR S A ™
uf, AR R S U s T

SNFE G B IE T B PR B X R A% L T A A 2
EWAE R, R A ARG R A BTG R AR A AR
TEHUE AT ARG, 75 PRI 38 i 28 3 2R AT
BTSRRI AR, 4% BRRES I0 H 22 VA58 5 T B 134T
Y 25 JE AR IR o

*1 BSERGERWSEIKETE
Table 1 Items of contraction experiment of wire

insulation layer
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Table2 Comparison of shrinkage of insulation layers of #26

wire samples of different lengths

S BEL “2% E A =35 {H /mm Bk
MR BUEL 3xImbES 3x3mbES 3x5SmiEs ZE{H/mm

1 0.187 0.167 0.228 0.061

10 0.228 0.225 0.160 0.068

20 0.358 0.339 0.422 0.083

30 0.431 0.409 0.40 0.031

40 0.599 0.536 0.515 0.084

50 0.566 0.541 0.504 0.062

60 0.555 0.429 0.567 0.138

70 0.683 0.665 0.692 0.027

80 0.842 0.816 0.862 0.046

90 0.637 0.564 0.672 0.108

26# 100 0.787 0.838 0.801 0.051

110 0.904 0.945 0.938 0.034

120 0.954 1.026 0.962 0.072

130 1.041 1.101 0.976 0.065

140 1.075 1.044 1.074 0.064

150 1.118 1.064 1.087 0.054

160 1.198 1.175 1.233 0.058

170 1.151 1.229 1.206 0.078

180 1.263 1.234 1.222 0.041

190 1.283 1.235 1.229 0.054

200 1.209 1.274 1.237 0.065
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Table 3 Insulation layer wrapping angles of wires of different

specifications
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Fig. 8 Schematic diagram of wire insulation layer wrapping
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Table 4 Fitting results of coefficients a and b

I AF S FHla REb
B 0.079 0.351

28# WL 0.098 0.345

KL 0.705 0.140

8 0.068 0.545

26t pyéan 0.054 0.514

ML B 0.482 0.223

196~135 C b 0.130 0.482
B R 24# X)Zéx 0.067 0.582
KL 0.371 0.288

LN 0.172 0.476

22# ML 0.152 0.555

KL R 0.144 0.424

B 0.422 0.164

20# ML 0.130 0.412

B B i 0.174 0.417

B 0.083 0.278

284 WL 0.075 0.185

KL 0.182 0.228

B 0.047 0.489

26# MEL 0.127 0.125

KL 0.482 0.223

65135 C ﬁt: 0.090 0.350
LA 24# Xxéx 0.046 0.510
ML B 0315 0.219

LN 0.295 0.260

22# ML 0.212 0.277

LB 0.117 0.273

L 0.117 0.264

204 ML 0.038 0.530

U BRI 0.221 0.221
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Fig. 9 Fitted contraction curves of single-core wire insulation layers under
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Table 5 Estimated values of contraction amounts of wire
insulation layers for the 500th temperature alternation
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Verification Method for Shrinkage of Asteroid Probe Cable Insulation Under

Alternating High and Low Temperatures

Yang Yi', Chai Yameng', Lei Yingjun', Han Yue', LiBin’, Zhang Chunhui'

(1. Beijing Institute of Spacecraft System Engineering, Beijing 100094, China;
2. Nanjing Quanxin Cable Technology Co., Ltd., Nanjing 210036, China)

Abstract: Aiming at the requirements for reliability and safety of the cables of asteroid probe, which will operate in orbit for

10 years and must withstand alternating extreme temperatures many times during long-term in-orbit flight, the insulation layer at the

terminal of the wires inside the electrical connector shrinks after thermal cycling, exposing the wire core and creating a risk of

electrical short circuit. A verification method was proposed based on the allometric growth model for the shrinkage of the insulation

layer at the wire end after thermal cycling. Based on ground test data, a fitted curve of the insulation layer shrinkage along the wire

axis was constructed to predict the shrinkage at the wire end after multiple extreme thermal cycles and to evaluate the effectiveness of

the insulation protection at the wire terminal at both ends of the cable. The test results indicate that the proposed method can

accurately predict the shrinkage of the insulation layer at wire terminals under alternating high and low temperatures, thereby

confirming its effectiveness and practical feasibility in engineering applications. This verification method provides a reference for the

reliability and safety design of cables under extreme temperature environments in deep space exploration.

Keywords: asteroid exploration spacecraft; cable; insulation layer; altering high and low temperatures ; retraction;

verification method

Highlights:

e Propose a high-low temperature alternating shrinkage verification method for cable insulation layers, which can effectively avoid
the risk of electrical short circuits caused by exposed wire roots inside electrical connectors.

e Based on ground verification data, a fitting curve of wire insulation layer shrinkage was constructed using an allometric growth
model, and axial shrinkage of the insulation layer at the wire end along the wire length direction (axial direction) was predicted by
combining on-orbit temperature conditions and the number of temperature cycles.

e In conjunction with the insulation layer shrinkage prediction, and taking into account the internal assembly characteristics of
different specifications of electrical connectors, develop insulation treatment processes for the wire roots to ensure power supply and
distribution safety as well as signal transmission reliability of the probe throughout the entire on-orbit mission period.

e Applicable to reliability and safety design under extreme temperature alternating environments for deep space exploration and
other missions, and provide technical support for subsequent spacecraft models.
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