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Fig. 1. Experimental speicmen: Solar array cells and car-

bon fiber honeycomb plate.
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Fig. 2. Photograph of experimental specimen in hypervelo-

city tests.
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Fig. 3. Impact point location: (a) Center of a cell; (b) edge of a cell; (c) joints of two or more cells.

#1 AEER
Table 1.  Test result.

RS #ALE 2 d/mm FAALH E v/km-s ! ZFfLEAAD,/mm HY5 X HA42D,/mm EE=t Vaxil
No.01 3.04 3.213 3.91 8.15 A 1
No.02 3.02 6.245 5.17 11.93 B 1
No.03 3.04 6.093 4.81 10.65 A 2
No.04 5.00 6.301 7.16 14.42 A 1
No.05 5.00 4.097 6.31 12.65 A 1
No.06 5.00 5.242 6.67 13.83 A 2
No.07 4.02 6.581 5.86 11.70 A 1
No.08 5.00 3.247 6.37 19.15 B 1
No.10 5.00 4.332 6.70 13.50 B 1
No.11 4.04 5.127 5.58 18.26 C 1
No.12 5.00 3.205 6.90 12.83 C 2
No.14 2.04 6.398 4.21 10.06 B 1
No.15 1.00 6.675 2.48 5.93 A 1
No.16 4.52 5.892 7.07 17.92 B 2
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Fig. 4. Damage morphology of solar cells: (a) Center of a cell; (b) joints of two cells; (c) edge of a cell.
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Fig. 5. A front-back perforation of the solar arrays exposed
on the hubble space telescope caused by orbital debris im-
pact!6l,
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Fig. 6. Measured parameters of perforation hole area and conchoidal area (No.16).
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Fig. 7. Relationship between projectile diameter d and per-

foration diameter D,
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Table 2. Comparison between the equation values and experimental data.

WHAE MAERdmm MR kms ' FALEAD /mm  MEREAON  ASCOTEEDME BN
No.03 3.04 6.093 4.81 A 5.05 5.0%
No.06 5.00 5.242 6.67 A 6.86 2.8%
No.12 5.00 3.205 6.90 B 6.32 -8.4%
No.16 4.52 5.892 7.07 A 6.54 7.5%
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Fig. 10. Equations of conchoidal diameter D, (Type A of
impact position).
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Fig. 11. Equations of conchoidal diameter D, (Type B and

C of impact position).
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Abstract

Using two-stage light gas gun, we study the hypervelocity impact characteristics of spacecraft key
component, solar cell arrays. The damage morphologies in the ground simulation tests match well with those
on-situ orbital impacts. The main characteristics of mechanical damage, including the central pit, cover glass
shatter zone, and conchiodal spallation, are measured by using a microscope under 20 times magnification. To
study the mechanical damage properties in solar arrays, we carry out 15 shots totally, under different impact
locations, impact velocities, and particle diameters. Under the condition of impact angel of zero degree, the
damage equation of perforation diameter of solar arrays and the damage equation of the diameter of shatter
zone in cover glass are developed, respectively. The results show that the perforation diameter and the diameter
of cover glass shatter zone are mainly related to the diameter of particle with 2/3 power, while related to the
velocity of impact with 1/6 power. Compared with the damage equation in the literature, the damage equations
in this article are very suitable for describing hypervelocity impact damage properties of solar arrays used in our

country's spacecraft. The results are of significance for our country's aerospace engineering.

Keywords: solar cell arrays, hypervelocity impact, damage equation, orbital debris
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