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Abstract: A single-crystal sapphire is used as a transparent bulletproof window material; however, few studies have
investigated the dynamic behavior and fracture properties under high-speed impact. High-speed and high-resolution
sequential images are required to study the interaction of the bullet with the brittle ceramic materials. In this study,
a device is developed to capture the sequence of high-speed impact/penetration phenomena. This system consists of a
speed measurement device, a microprocessor-based camera controller, and multiple CCD cameras. By using a linear
array sensor, the speed-measuring device can measure a small (diameter: up to 1 -2 mm) and fast (speed: up to
Mach 3) bullet. Once a bullet is launched, it passes through the speed measurement device where its time and speed
is recorded, and then, the camera controller computes the exact time of arrival to the target during flight. Then, it
sends the trigger signal to the cameras and flashes with a specific delay to capture the impact images sequentially. It
is almost impossible to capture high-speed images without the estimation of the time of arrival. We were able to
capture high-speed images using the new system with precise accuracy.
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Fig. 1 Schematic of high-speed camera system

Frame grabber

Bo=RoAE 4719 ccD 2" eSS AL
skod 1,000,000fpsell =7 659x494%1 a1
HYS T 7 U Ay FIA RS JEst

TR
2.

[\)

I
)
Al

o 0
0

A

R CT
Moy 2

oIy

)
Ap

2
il
||\
o
th
N
do
<
o
1>

1>
o

N
N
)
LY

folr ofy
to A T
=2
o\
o
oft M 4y
=
A=
B
jﬂ:

1o
au)
>
Lo,
Ho
-
it
E{ ;gd

w2
T X
(o
r )
R
o\ ofo
o
L il
N
N
)
ru
(il
__)illl
=2
2

% orlr e o e R
42 Jpe S

=
Y
ol
[\o]
W
o0
=]
=
4n
x
S
N
[)°]
il
>
>,
oo
ng
rir
i
i)
ool 2 %

1,
2
N\
o
L )
llo
gy ™
Sy rr K2 o o flf o2 O 2

N
o
=)
o
i
>
o
ol
i3
%
M
<J>'
=2
%

H -1
=344 (Photodiode) & U 2| Aol wix3] =}
7 Aukd wo] dle] WistE zhA|sto] ghake] fr
TE gagth vy FAolng ghxte] &EA s}

WAHA AT EE o]



1714 AH&-¥ Fig. 3/] HIH 2 Alxe gt
olA et 16d wild FAAE ARES] 7|E RE
oA s ARESH AlAel Hls| SAWE7E HolA
gxpe]l A7]ef FA]lo]l EafAsteets SRS
Qtellgt Faketd Aol 7hssith Fig 32 16302
g FAAE ARESE SEAIA Y] x0T
A= 2kl glolA, ddy f=, 163d wid 3
Al (Photodiode array)@ A @t} =49 B35
= gl o] AolA Ay =l HolAE ZAlst
H ALY d=2E AX FdEo] Fs gt o]
Z(Ribbon laser)= HF 3L o] & 16x1E vl FAlA]
of H|FH Ao Holg Fo7 zZh= SAHo| vt
Eoxith olgA e el gxprF A yrbd
Fig. 4 ¢} o] &xtx o2 "o W7t 4A wjd
FAA T H2 N7 wrgskA €Tk wid FAlA

Bullet

Laser sensor

\ Error
Error

Error 3 Laser S
. —— @ Pass

Error o

Side view

Laser sensor

Pass

Fig. 2 Line laser with single sensor

Bullet

\_ Pass

Laser sensor

Pass | .

Pass \ gl el
\ O\ N\ ‘ ————— > Pass
\ ms—— oo

\ \ \ Pass
\ \ \

Side view

Laser sensor
Pass

Fig. 3 Ribbon laser with multi-channel array sensor
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Table 1 Camera controller error budget

Veloci Velocity Target prediction
(m /S)ty error error(mm)
(%) (1,=300mm )
300 0.0375 0.1125
600 0.075 0.225
900 0.1125 0.3375
1200 0.15 0.45
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Table 2 Material properties of POM and AL,O;

POM AL»O;
Name Polyacetal Sapphire
Density 1.41 3.41
Hardness R116 Mohs 9.0
strezg?llsgll\?lpa) 690 1800
Size (mm) 2.385 50x50

(a) -10usec (camera No. 0) (b) -5usec (camera No. 1)

(c) Ousec (camera No. 2)

(d) Susec (camera No. 3)

Fig. 8 High speed photo of ball impact test (ball speed: 395m/s, frame rate Susec)

(b) Ousec (camera No. 1)

(a) -5usec (camera No. 0)

(c) Susec (camera No. 2)

(d) 10usec (camera No. 4)

Fig. 9 High speed photo of ball impact test (ball speed: 612m/s, frame rate Susec)
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