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Fig. 1 Jet penetration with a coordinate system moving 
at the penetration velocity, U.

Fig. 2 Experimental set-up of the LSC jet imaging test by using 
a flash X-ray.

Fig. 3 Fixing configuration of the LSC and others, viewing them 
from the direction of a flash X-ray tube head.
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Fig. 4 Experimental set-up of the steel plate penetration test.
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Fig. 5 Schematic diagram of the target.

Table 1 Timing of flash X-ray exposure, as the delay time from 
the signal of the ionization probe.
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Vj = D sin �

Fig. 6 Depictions of the flash X-ray films.

Fig. 7 Definition of the jet tip velocity.

Fig. 8 Schematic diagram for calculating 
of unstable detonation region.
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Tn+1 − Tn

t
U( n −1 / 2) t =

Unit: �s

LSC Lead 900 gr·ft 
-1 Aluminum 650 gr·ft

 -1

No. Pb-1 Pb-2 Pb-3 Pb-4 Al -1 Al -2

Stand-off: mm 25 57 50

Penetration: mm
0 0.00

2.57

4.91

7.51

11.20
20.83

31.40

0.00

2.52

4.78

7.19

10.15
18.69

23.86

0.00

2.97

6.31

9.49

13.37
23.40

28.58

35.33

43.33

0.00

2.38

5.52

8.82

12.50
23.45

24.90

40.90

48.89

0.00

3.24

6.39

12.61

16.15
26.05

32.47

38.70

48.59

2.0

4.0

6.0

8.0
12.0

14.0

16.0

18.0
22.0

0.00

2.77

6.24

9.42

12.43
21.73

29.55

36.08

43.52
66.33

Table 2 Measurement data on the penetration depth and the time of penetration of the lead- and aluminum-sheathed LSC.

Fig. 9 Oscilloscope data, as an example.

Fig. 10 Relation between the penetration depth and the time of penetration of the lead- and aluminum-sheathed LSC.
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Fig. 11 Relation between the penetration distance and the penetration velocity of the lead- and aluminum-sheathed LSC.

Fig. 12 Simulation of the jet forming process by using 
AUTODYN®-2D.
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The jet penetration performance 
of linear shaped charges

Hitoshi Miyoshi*, Hiromichi Ohba** , Mieko Kuroiwa**, Tatsuya Inoue**,
Hideki Kitamura**, and Tetsuyuki Hiroe***

Fundamental jet performance tests of linear shaped charges (LSC) were conducted to evaluate their jet penetration
behavior. The criteria used for these tests were based on penetration tests for conical shaped charges (CSC). Photos of
the aluminum-sheathed LSC jet taken by using flash X-ray confirmed the jet velocities to be about 2,400m·s-1. The
steel plate penetration tests uses steel plates, insulated sheets, a pulse generator and a digital oscilloscope. The pene-
tration velocities of aluminum- and lead-sheathed LSC against steel plates were calculated to be less than 1,000 m·s-1

at a maximum region. These proposed testing methods are very useful for improving the performance of LSC.
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