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Table 1 Details of aluminum mesh

No. Mesh number D /(mm) Areal density/(g/cm?) 00,5 mm/ (Y0) O omm/ (Y0)

1 14 0.42 0.0386 —11.45 4.25
2 17 0. 20 0.0109 0 1.16
3 17 0.25 0.0181 —3.05 2.32
4 14 0. 20 0.0090 3.05 0.77
5 19 0. 20 0.0133 1.53 2.70
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Fig. 1 Shield configurations in the experiment
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bumper bumper wall mesh mesh wall
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bumper bumper wall bumper bumper wall
(f) No. E03-3 (Configuration E, (g) No. F02-3 (Configuration F,
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Fig. 2 The impact damage results
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Table 2 Damage on the rear wall of the aluminum mesh shields

v dy Dy Dygy Dy Hy, v dp Dn Dyg Ds Hy,
No. No.
/(km/s) /(mm) /(mm) /(mm) /(mm) /(mm) /(km/s) /(mm) / (mm) /(mm) /(mm) / (mm)
A0l 2.90 3.97 7.58 90 Perforation B13-3 3.70 3.97 No perforation 125 3.10 1.31
A02 3.80 3.97 0. 50 95 Limit perforation|| Bl14-3 4.10 3.97 No perforation 135 3.10 0.88
A03 4. 30 3.97 No perforation 102 2.01 0.78 B15-3 4.27 3.97 No perforation 136 1.81 0. 40
A04 4. 36 3.97 No perforation 110 2.11 0.98 B16-3 4. 36 3.97 No perforation 140 1.48 0. 31
A05 4. 40 3.97  No perforation 108 1.82 0.57 B17-3 4. 80 3.97 No perforation 148 0. 20 No bulge
A06 4.55 3.97 No perforation 118 0.55 No bulge B18-4 3.55 3.97 3.00 120 Perforation
A07 4.75 3.97 No perforation 127 1.35 0.58 B19-4 3.58 3.97 2. 80 117 Perforation
A08 3.57 6.35 7.20 100 Perforation B20-4 3.66 3.97 No perforation 125 2.52 1. 05
A09 4.00 6.35 6. 50 110 Perforation B21-4 4.00 3.97 No perforation 130 2.90 0.76
Al0 4.17 6.35 6. 40 105 Perforation B22-4 4.24 3.97  No perforation 132 1.28 0.48
Bo1-1 4,00 3.97 2.87 131 Perforation B23-4 4,95 3.97 No perforation 147 0.30 No bulge
Bo2-1 4.03 3.97 2.79 138 Perforation Co1-1 4.20 3.97 2.90 115 Perforation
B03-1 4.10 3.97  No perforation 135 1.92 0.85 C02-2 3.98 3.97 7.00 105 Perforation
Bo4-1 4.50 3.97  No perforation 141 2.13 0.91 C03-5 4.10 3.97 1.00 112 Perforation
B05-2 3.10 3.97 5.39 105 Perforation D01-3 4.00 3.97 3.00 130 Perforation
B06-2 3.20 3.97 3.02 108 Perforation D02-3 4.18 3.97 2.87 132 Perforation
B07-2 3.35 3.97 No perforation 115 2.30 1.22 E01-3 3.80 6.35 5.50 120 Perforation
B08-2 3.68 3.97 No perforation 121 1.97 0.91 E02-3 4.00 6.35 No perforation 130 1. 40 0. 50
B09-2 3.85 3.97 No perforation 127 1.86 0.71 E03-3 4.39 6.35 No perforation 135 1.35 0.30
B10-2 4.70 3.97 No perforation 143 1.25 0.35 Fo1-3 3.73 6.35 0. 50 115 Limit perforation
Bl11-3 3.50 3.97 1.00 115 Perforation F02-3 4.31 6.35 No perforation 130 1.30 0.28
Bl12-3 3.56 3.97  No perforation 120 3.15 2.11
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Fig. 5 The ejecta on the back of the front wall

Tk — PSR TR B AP A R R AR T R TN S 1L 0 mm JRE 2 A2 B8 M AR ALY B A4 0 2L
GNP 4 A B iR AR K2 0.5 mm JRE R 2A12 854 S ) TR 40 9 Y i TE A L AR 12
2ALZ BARAGIRIE D 1.0 mm, 2L R B4 454 E B 454 FL 8 1 Ce) VB 1CD B, 1 A E AR
6. 35 mm [Y2017-T4 FERSILIEAT T 080 . M SEI S5 R m] LUK B 1 i 32 4. 00 km/s 1, B 47
S5K9 E B e AR BE e A R T R R AR IS T S (E R R, HUOR SR B R HE BN 5 AR () T R Y Bl
AR A B ARG BE B — S TOZ G 5 AL A ) T BE A B 4P A B M B i AR R T AR S
SOEL, RS B — S0/ NS, X BRI B PP A5 R E R s o B 5 B 0 TR A A5 BRI B 4 &
A, M dEE Y 3. 80 km/s I, B P 4548 E A S5 HOIE BE Hh BUAOR 5 AL s il U O 3. 73 km/s
FL B AP 450 F B0 e e BE S B GGE D6 2 AL 4 e SO 26 TR A 4 ol M BROGE BE L BT B A A5 R FORY
e T B RE T TR AR E

DA S 50 235 SR 2 B 75 v AR [R] A 17 0 T 0 190 SR By 47 45 R 1R 5 3 432 o ) RE 0 85 T XUZ fh il
BI7 7 45 ¥ 5 6 B M- 0 TSRS 2 A9 DA o T e B 47 BB 0 i — 2P R B AR BT )R o A 0 T B B A
TET P 3 B ) 41 )7 47 4 A 6 v S R ol B A B T . A 0 ) 4 B A AR R AR B R R T A 22 U
dr iz . S BUIE IR 4 AR WL T A AR T SO e G A 1 R AR 7 A R T P O R R R
BRERAE g B /N AL R T 9 22 B A A — S 25 B /0N BR300 e 2 8 8 ol I MR BE L DRI i 0 1 i e
PR ARAT 2 5873 K45 5 2540 AL T TS J2 B0 A v I ¥ U8 ol 55 1 )R B8 ARUUT )™ AR ) B RORE 1 RE B R KA
2 i 25 o o 2B A R e 9 ol AR SR RS BN L pl T AR A S ) A R R /R
~FRL TR 2 A WA L AT A S8 R X i B ) o 4 A

4 4

(1) JEBEH 0.5 mm 19 2A12 55 AR08 o 57 35k 1 0 RS B 8 0 D0 7 4[] 18 %85 B2 1Y 5052 BRI 2
AR BT L5052 57 2 HE 2 A12 480 FL A B0 1 A AR 7 5 BB BE 7 .

(2) X = 7] T 2% 85 1 408 0 330 38 B 370 5 40 « AE — 38 I 22 AR 1B N 2243 B /0N |, Ji < B 9 808 B 7
— 7 1 22 ) E B R P A e 2 9 o B P ORI

(3) )2 BRI 2 A B T AR KR 0 B, SR AR A B T IR AR /IR e 1 1 A0 R Ak I S
M 214 L J2 ELAT B A 1 28 ST R R A AR

References:

[1] Min G R,Xiao M X. Reliability design spacecraft module wall against meteoroid perforation [J]. Chinese Space Sci-
ence and Technology,1986(6) :45-48. (in Chinese)



5 4 3 N A < A 00 77 47 2 A v S T AR < B 4 M R Y SE IR DT Y 541

PAEEZR 1 44 2. By (RO B o S O R AR A BE O T SR BTt ()] b S (R R A R . 1986(6) :45-48.

[2] Lambert M. Hypervelocity impacts and damage laws [ J]. Adv Space Res,1997,19(2) :369-378.

[3] Bernhard R P,Christiansen E L, Hyde J,et al. Hypervelocity impact damage into space shuttle surfaces [J]. Int J
Impact Eng,1995,17(1) :57-68.

[4] GaiF F,Pang B J,Guan G S. Quasi-static bursting analysis of gas-filled pressure vessels on the front side under hy-
pervelocity impact [J]. Chinese Journal of High Pressure Physics,2011,25(1) :48-54. (in Chinese)
SO0 BT BN WL 23 A R R R R AR SO ) A AR BT REME R A IR A AT LT m R AR R 2011,
25(1) :48-54.

[5] Christiansen E L,Kerr J H. Ballistic limit equations for spacecraft shielding [J]. Int J Impact Eng,2001,26:93-104.

[6] Guan G S,Pang B J,Zhang W,et al. Crater distribution on the rear wall of Al-Whipple shield by hypervelocity im-
pacts of Al-spheres [J]. Int J Impact Eng,2008,35(12) :1541-1546.

[7] Christiansen E L,Kerr ] H. Mesh double-bumper shield: A low-weight alternative for spacecraft meteoroid and or-
bital debris protection [J]. Int J Impact Eng,1993,14(1/2/3/4) :169-180.

[8] Ha Y.Guan G S,Chi R Q,et al. Investigation of residual velocity of aluminum projectiles at hypervelocity impact on
woven of basalt fiber [J]. Chinese Journal of High Pressure Physics,2012,26(3) :273-280. (in Chinese)

W OBREA IR, A BRGSO U o XA A AR A R A U A (T R R A, 2012,26(3)
273-280.

[9] Higashide M, Tanaka M, Akahoshi Y, et al. Hypervelocity impact tests against metallic meshes [ J]. Int J Impact
Eng,2006,33:335-342.

[10] Horz F,Cintala M J.Bernhard R P.et al. Multiple-mesh bumpers: A feasibility study [J]. Int J Impact Eng,1995,
17(1/2/3) :431-442.

[11] Myagkov N N,Goloveshkin V A, Shumikhin T A,et al. On hypervelocity penetration of the mesh-bumper strings
into a projectile [J]. Int J Impact Eng,2009,36(3) :468-475.

Experimental Investigation of Protection Performance about
Aluminum Mesh Bumper by High-Velocity Normal Impact

GUAN Gong-Shun,NIU Rui-Tao,BlI Qiang,PANG Bao-Jun

(Department of Astronautics Engineering »School o f Astronautics »
Harbin Institute of Technology . Harbin 150080,China)

Abstract: The high-velocity normal impacts of space debris on bumper of spacecrafts were studied
through a two-stage light gas gun launching 2017-T4 aluminum spheres to impact on 5052 aluminum
mesh shield structure. The resist capability of aluminum mesh shield against high-velocity impact was
discussed. For the same areal density,the size effect and arrangement effect on the protection perform-
ance of the filled layer were analyzed. Impact velocities of Al-spheres were varied between 2. 90 and
4,95 km/s in this study. The diameters of projectiles were 3. 97 and 6. 35 mm respectively. The impact
angle was 0°, The results indicated that the primary capability of the 2A12 aluminum plate comminu-
ting projectile is better than that of 5052 aluminum mesh when the areal density is constant,but as the
filled medium,the 5052 aluminum mesh layer provides better protection for the rear wall than 2A12 a-
luminum plate. In a certain wire diameter range,the 5052 aluminum mesh with smaller wire diameter
has better protection performance. Al mesh-Al plate filled layer can break up the projectile to a more
uniform size than Al plate-Al mesh filled layer.

Key words: aluminum mesh;high velocity impact;protection performance;space debris
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