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Fig. 1 Schematic of dual-plate structure
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Fig. 2 Schematic of two-stage gas gun

3 LWAHE

3.1 HHRHEE&E

SR R FAERTAR 19 3DBC/SIC J2 —Ff 8 = 4 DU 1] B 2T 4 W) S5 i 3 SiC MG A MR, &
JE AR £F AE A SRy B s A kL, LLJEHL SiC B & g FEAR B L SR 2 KR 5 Ak Tk T i) o S 3K A 7 1 1ok 1y
A SR 2 ) A DL B W S IR AT v T T S0 Ak S JE LR B R Lk LAY S R A R SRk A e
(PCS) , HAEME M40 Can N Jim#t PCS W IR E 1400 °C, 4l s BRI 20, I o 5 100 TC L P s 5
W, TR D  HEARR TR R AN T A MRE B AWM G  NE R ELZRHET,
U OB £, bR B0 L M RE B 4T, 3DBC/SIC BORE 4l 58 kR K FHAE S AR LY 12 B 45 61 Rk
MRS HI T £ 1Ak 2,

F1 HSEFMLYREREGESEXUESH &2 3DBC/SIC BXIERESH
Table 1 Material parameter for aluminum Table 2 Material parameter for 3DBC/SiC
. Density Melting point Yield strength Sound Tensile Compressive
Material \ o Density
/(g/cm®) /CC) /(MPa) Jafem®) speed strength Strength
g/cm’
Pure aluminum 2.71 657 190 /(m/s) /(MPa) /(MPa)
LY12 aluminum 2.78 502~638 340 1.5 2 549 80~100 200~250
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Table 3 Hypervelocity impact conditions

Thickness of Length of Diameter of Projectile Projectile
Experimental Material of )
bumper plate the space catcher plate velocity mass
number bumper plate
/(mm) /(mm) /(mm) /(km/s) /(g)
Diameter 80
T1.1 — — — 5.93 0.95
Thickness 40 mm

T2.1 3DBC/SiC 2.4 120 80 5.04 0.95
T2.2 3DBC/SiC 2.44 70 80 3.38 0.95
T2.3 3DBC/SiC 2.36 73 130 6. 25 0.95
T2.4 3DBC/SiC 7.1 70 130 5.76 0.95
T2.5 3DBC/SiC 2. 45 70 * 3.78 0.97
T3.1 Pure aluminum 2.0 70 80 4.57 0.95
T3.2 Pure aluminum 2.0 70 80 3.76 0.97
T3.3 Pure aluminum 2.0 120 130 4.79 0.97
T4. 1 LY12 aluminum 2.0 70 80 5.38 0.95

Note: * Catcher plate:3DBC/SiC.70 mm>X70 mm X 6. 04 mm.
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Table 4 Experimental results of hole parameter for 3DBC/SiC

Exp. Longitudinal Transverse Length of hole Average Thickness Projectile
length of hole length of hole in 45° diameter D, of target velocity
o /(mm) /(mm) /(mm) /(mm) /(mm) /(km/s)
T2.2 25 24 25,25 24.8 2. 44 3.38
T2.5 20 23 20,23 21.5 2.45 3.78
T2.1 24 25 27,26 25.5 2.40 5. 04
T2.4 42 38 38,40 39.5 7.10 5.76
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A Study of Hypervelocity Impact on 3DBC/SiC
Composite Material Dual-Plate Armor

LI Jin-Zhu, HUANG Feng-Lei,ZHANG Qing-Ming

(State Key Laboratory for the Prevention and Control of Explosion Disasters ,
Beijing Institute of Technology Beijing ,100081,China)

Abstract: The dual-plate(or multi-layered) system, first suggested by Whipple in 1940°,is a possible
means of protecting spacecraft from micrometeoroid impacts. Dual plate armor consists of an outer
(bumper) plate,a space,and an inner(catcher) plate. In this work,the bumper plates were SiC ceramic
matrix composite reinforced with 3-D braiding fabric (3DBC/SiC) plates, which were comminuted at
hypervelocity impacting, resulting in smaller fragments in debris clouds and less damage on catcher
plates. Pure aluminum plates and LY12 aluminum plates were also used as bumper plates. But both of
them couldn’t comminute the projectile and caused severely damage on catcher plates. It is shown that
3DBC/SIC is an ideal material for protecting spacecraft.

Key words: debris clouds;3-D braiding composites;hypervelocity impact;dual-plate structure



