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Abstract

With the development of spacecraft, the brittle materials like ceramics and glass have been used for significant components
especially in optical and thermal systems. However, they are vulnerable to damage by hypervelocity impact of space debris and
micrometeoroids. Against a backdrop of increasing number of space debris, impact-damage evaluation on brittle materials become
a growing concern. In this study, a series of hypervelocity impact experiments has been conducted to evaluate internal damage
propagation mechanism in a fused-silica-glass plate target by impacting a stainless steel projectile with 1-mm diameter in the
velocity range around 2 km/s. Damage propagation behavior was observed from two directions simultaneously by means of in-
situ shadowgraph coupled with an ultra-high-speed video camera. The observation concentrates on propagation behavior of
internal failure. This propagation is affected by the longitudinal and transversal waves, the reflection of the spherical stress waves
on the back surface of target. The failure propagates rapidly two times by the reflected waves: first rapid propagation was caused
by tensile stress induced by the reflected longitudinal wave, the secondary rapid propagation was caused by shear-compression
mixture stress induced by the reflected transversal wave, which was generated by mode conversion of the longitudinal wave.
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Fig. 1 Schematic diagram of damage morphologies induced by
hypervelocity impact of a small projectile on a fused silica
glass plate.
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Fig. 2 Damage morphologies against target thickness and
impact energy.
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Fig. 4 Schematic of two-directional in-situ observation setup
for hypervelocity impact experiments.

Table 1 Mechanical properties of target and projectile materials.

Density  Young's moduls Shear moduls poisson ratio

Elastic wave speed

Materials
p Mgm’]  E [GPq] G [GPa] v Colkmis]  Cq [kmis]
Target Fused silica glass 2.2 70 30 0.17 5.9 3.7
9 (Si0,) : : : :
. Stainless steel
Projectile (SUS304) 8.03 197 73.7 0.3 5.7 3.0
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Table 3 Conditions and summary of hypervelocity impact experiments.

Experimental conditions Shot results
Shot No. | Impact velocity, — Target size Crater diameter, Surface spall diameter,
Fracture type
v, [km/s] [mm?] d [mm)] d [mm]
3735 1.33 80%x80%x15 Conchoidal Failure 9.1 23.0
3737 2.25 Conchoidal Failure 14.8 36.9
3738 1.62 Conchoidal Failure 16.1 30.0
4059 1.84 80x80x20 Conchoidal Failure 14.0 31.4
4060 211 Conchoidal Failure 21.1 39.1
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Fig. 5 Time profiles of damage fronts shift of internal failure
of Shot No. 3783.

o

WEALL, 6~Tus TIE@EZEHE (%) FHla~HlifhICHEE
fELTWA. o> Shot IZFRWTH RAEDEBN RS
. ZOBIGUT 45 FRERBICE VT, RilTO
B EEBmMTORFBOmETHLEBTE, 6,7usi2B0
THR OB GRS BIHE & BT L 2o hn T D
DN T EAEENEZ o T-HBER THDH L E2RL
T3,

Fig. 6 DAMIE IR LTz = o & U EE AT s 5
T, BEEFES RIS ) ox R LTS, AIEKICE
W, ZRONEHBREOHERN/HRIND XA I
7 (FEREfE 4.5 us & 6.5 ps) DOEATT, 2 Z KT
TUIS P OEIBOHER TE 5. FRIC—F H OHEREEH
bh (4.5us CGRIBHD ) »odERAFmE Ll (5.0us (B
TRt ) MR D H A 27 TIEHEEDK 5.9 kmis
ORER IS I os@iE (4.5 ps CRIBH, = ZX) )
0, Z0tk, ZEIHOSARRERAEEL (6.5 s
CRIEHE, 45° 5 MBRt%) ) AN Z A EATIZ IR A
3.7 km/s OFERIE AP OB (6ps (=X [X) ) 3%
NENMERR SN, ZORKEIS I, BlEX A IV
7 EBAEREATRE R D, SIS T D HEK IS T DR
D XV AE U bR L iERMfT RS,

Wi, F-IcEEssSh-, NEBREICBIT 5 =0
HRFHOELIZ OV THRET 5.

FE BRI K ORI RS R b, BEER
B mORHNAET B XA 2 71%, FREIHEK
S S B B I B2 L7 B % (Shot No. 3783 Tix
45 pus) KO, LROFEE S K E 2 AR 2L TEm
KU B o RE B RO B S lc i L7 B
(Shot No. 3783 TI% 6.0 us) TH D Z L AFER ST,
Fig. 712, ZOZEIOEHREICI T 2 RA L IE 1 O
KX %2 TN TR T

—[a] B o i R L HERE G 03 B IR IS BIE L
795 E (Fig. 7 (b)) , ASAyIdHBRAEESL &
ZRE Dy, BEEREH RREANT, X (2 12kb
ik Ehs.

R, = ttany; + (t — Dy)tany, 2)

DilZ 2.6~3.4 mm OFPFHTH-7=. Z OFPHTIL Dk

NIZIFE A EREET, IHIZRUIIHLT, R (2 (1
L DIETPNGFA o T FER S - BEUR A ol L
B —HLTWe., ZofE, —EEOBGERIIR
AT TR (B 5 1A D 5 | BRI ) B 28 ALY 728 — N L 72
LEERRfT T b s,

WAZ [0 B ORI oW CIE, BRI S A RS
WHCRE L& T B E (Fig.7(@) , O 7micHEiea
T DARAIT 0—ys LD, 22 Tryaidk 3) ,
(4) ThHzbhns.

G
siny, = C—;siny3 (3

R, = ttany, + (t — D,)tany; (4)

This document is provided by JAXA.



Side view (Z-X, a,,)

45° view (Y-Z, ;)
p A \ _

Internal

failure reflected wave
ransversal

eflected wave

| Internal failure
propagating

| straightly at

| horizontally.

“& Transversal
| reflected wave

:. Internal failure
' propagating

o propagating
| upwards

Fig. 6 Comparison between in-situ obseations (lower half)
and numerical results (upper half) at several timings of Shot
No. 3783.

J i > B A R IREE R IS8 LT, JEAIRAKA 01
—y3 T 0T TH DI L, @Zndhf 0213k
X # 50 EIc A L=, fiE— N N RAEEIC 1T R
HERAIZOVWTIIFERICL Y B2 HENEEIND
2, A 70°~80°L XN TWABG), LER-T, millik

OB RIS I O@BIERNT S E—F 1| %
FLLEMETHIEEZLND.

KRz Z oo BZIER 2BV T, Autodyn (2 X B R
MR XY, RBEZWET DTN ERE Y EE L
TW=., Zhicky, =— FIBgEERMIH S, &
AR Z W BN ER L WD EHIEND., 0
JEfiZ = 7o' — R N BEEOFHIC O W TIE, 4% S
DI EIRD T LERH S,

@ = @ =

W
=]

1| V2
N\
<= <
Internal failure D, D,

—— Internal failure
—— Longitudinal wave
=== Transversal wave

Max. principal stress, oy
<CG==== Damage prop. direction
@ | ongitudinal wave prop. direction
<= === Transversal wave prop. direction
Fig. 7 Schematic of damage propagations by the reflected
waves.
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