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A damage assessment method of solar wings under submillimeter MM/ SD impact
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Abstract; To achieve damage assessment of solar arrays with large exposed areas under micro-meteoroid & space
debris ( MM/SD ) impacts, this paper proposed a damage assessment method for solar arrays, focusing on
submillimeter MM/SD impacts. This method considered the uncertainty of impacts and the cumulative damage
effects. The effectiveness of the solar array impact frequency model was validated through comparison with NASA
detection data. The study focused on solar arrays in three orbits with altitudes of 400 km, 800 km, and 35 787 km.
First, the flux-size-velocity distributions of MM/SD on spacecraft orbits were determined using the space debris
environment engineering model and micrometeoroid models. Then, MM/SD data were generated based on these
distributions, and random impact points were selected for simulated impact experiments, achieving visualization of
cumulative effects. Next, based on the mechanical damage characteristics and volt-ampere characteristics of the
solar array, the impact damage features and power loss were analyzed. Finally, with power loss as a protective
indicator, the effect of glass cover thickness on protection performance was studied. The simulation results show
that the proposed method can effectively assess impact damage to solar arrays on different orbits, accurately
characterize damage features, and reflect the differences in impact damage caused by MM/SD of varying sizes,
providing references for on-orbit mission damage assessment and protective structure design for spacecraft.
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Fig.1 Damage assessment process for MM/SD impact on solar

arrays
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Fig. 10 Impact damage results on solar arrays

ARG 10 O FHRE F B B 5 1 20, 255
T R A RN A o B D) A O D A, T R R
FMY MIBATREE B3 AR, LA I gk (1’ 11) .
b PR TR TR R R LA 2 48 ol DX M I T 114
FEME, 11 AT RUA H, SSO HL R b i R MR
DREE e T HARBIGE , (HP 35 MR R A R/, 32
PURIZGE /N R B2 | B AR A5 s DX SRR (B4 4
FERE/IN



55 4 1 NI, % KLU MM/SD $ i A BH 3R B30 105 AL D vk .55
500 - BV M
VABAKIMIGEARE 45037 s
100 [EEoma 7 . 426.13 % /um
55156 280.34 50
£ 300}
i 154.24 l 40
¥ 200f :
121.59 : ™
100f m & 20
0
BaE1 B2 fuEs 10
(a) TGRS L m 0
100 1.4 x/cm
£ 2 #5517 (a) /B it K B H M B R
sl -\7 [0 % gL |12 Lt 1T e
INFFESHETS 1.0 VR FE/um
w  eol 35.45 B3 10
g / 064 08 & 400
s 0.6 3
E 40 646 12.65 x -
0.12 1295/ 023 104
20t 8.07 ) s o g
< . S 200
" rA IZ H =
Pl PuE2 BLUIE3 ™
(b) TVIBAEREEXT EE
E11 REHEHRGITEGEER 0
Fig. 11 Damage assessment results for different orbits x/cm

H1 T SSO Y MM/SD 3 it 45 A, A1 A8 35473 1T
L ZEFLTETR , DL R D e itk 44 dnd 22 v T AR R 250
1, BAR LEO H R Y 52 48 b A vk w5 T#003E 3,
{HH KRB GEO | KB A A B 0y, 1 AR 2
LR Z R R AR K, X R IIA T A %5 &
TR AT e, BVRE A RSF B, DL dE
T B AN ) 25 S 0 M BRI A 2 SR 25 5
2.2 ARRSTEIEMm

MR ITAG 25 50T LU % 22K DU MM/
SD, K BH B8 H b F4: 1% 4% R 460 40 72 3 32 B2 ok 158
i (FREB I R B 2 RS R sg g R, itk —
A543 KT MM/SD 19 RUH X6 2K BH fil FEL b e 1 463 493 155
ISR, 12 H10 TSSO B H Tt B4 43 591 32 /N
FHE - fi o S B R

HI Pl 12 AT LA /NI R TR B 33 o o o A 45
KA, e R MG R E A 8 KRB 1710, 5
X (10) WIS FHIEARAT & o B 13 A [ RO 1
R PR S5 R b, BRI e R T AR R
KW 193 A8 (A0 1 BN A S5 # 1 43% . 3%
WG RIALZ AR 82. 89 mm® , KT & 11 (b) H A&
PO 82.29 mm®, BCIEPE AE F XIA 4
B AR ROV, AN, N R IR
RN 8 ok 1 5 R T 6 % e {1 - B 3 25 1 IR
(100 wm) , A1 R 2EFL , PR TG BT R i ok

(b) KB 48 7 K FH il FiL b R A5 97 SR
B 12 ARR~T#F & d KPR AE R it B4R (7 1B S % tE

Fig. 12 Comparison of damage to solar arrays from impact of
debris of varying sizes
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