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Fig. 1 The apparatus proposed by J.Harding,
S.B.Kulkarni and A.A.Ezra
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Fig. 2 A schematic illustration of the present appa-
ratus
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Fig. 3 Schematic structure of pressure transducer
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(a) The detonating cord pasted on the steel plate.

200MPa

Dh=40mm

Db=20mm
Dh=30mm

(b) The naked detonating cord with those obtained
when it was pasted on the steel plate.

Fig. 4 Pressure histories of the underwater shock
wave obtained by the pressure transducers,
A : preceding shock, B: reflected shock, Dh :
distance between transducer and detonating
cord
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Table 1 Shock pressure (Pm) and impulse (Im) measured by pressure transducer

Reflector | Steel plate | 120° 90° 60° 30° 0° | Ellipsoid
Pm(MPa)| 2658 3049 | 3521 | 4207 | 5218 | 7166 | 8750
Im(Pa-s)| 18663 | 21964 | 24001 | 29114 | 34713 | 48457 | 61344
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Fig. 7 Measured pressure records of underwater
shock wave
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Fig. 10 Streak photographs obtained by the image
converter camera. The streak speed was 1
u sec/mm, WS : underwater shock wave,
ST : steel plate, RT : top of reflector

WTF— BT o sy TS —BOF— 7 0B,
Microsoft Excel T4iTo7:e &) LTHROMEBEHD
HO (WO I Dh=40mm) {2 B1F B KPHFRED
BB & ¥ — 7 [E % Table 213773, K2hHbh
891, REBAUOER»SLHARMEROEEIC
BLRVENIFBH SN, TOMIIEROELEENH
334y, ZOEMIEAERGZOPEL—HL
7
7.5 L8
BB AV ERE~DOILHITIMIEBLREL,
HBOENFEE Bz EBIEHEIE, HER
2fTole BREUTICEHT .
1. BRBROFHIIRHERLIHE, FHRARTH»S
OEIHREFHE T 53 TRPHFREL LBHE

Table 2 Pressure (Pm) and velocity (Uw) of under-
water shock wave from streak photograph

Reflector | Steel plate | §=60° #=0° | Elipsoid
Us(m/s) | 18192 | 19145 . 21289 | 22653
Pm(MPa)| 3356 4532 ¢ 7629 9825
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Punching processing of metal pipe Using ‘underwater

shock wave due to detonating 'cord 1st report
Pressure ‘Characteristic of the experimental set-up

by Shirou NAGANO* and Shigeru ITOH*

As one of punching techniques of metal pipe, we present an underwater explosion
punching method in which the holes are punched from the inside to the outside by the
underwater shock wave due to the explosion of detonating cord in water. The assembly con-
sists of a reflection vessel, which converges the underwater shock wave and a metal die for
the punching purpose. In this method, the action of underwater shock wave on the interi-
or of the to-be-punched pipe is very important while the die would not be damaged. The
effects of the shape of the reflection vessel to converge the underwater shock wave to
obtain a required high pressure and impulse are studied by means of pressure measurement
and optical observation system. As a result, it is found that in the case of the reflection
vessel, which has an elliptic cross-section, the high peak-pressure and impulse are obtained
and, both values are of approximately 3.3 times those from the case of the detonating cord

directly pasted on a metal plate.

(*Department of Mechanical Engineering, Faculty of Engineering, Kumamoto Uni-
versity, 2-39-1 Kurokami, Kumamoto 860-8555, Japan

**Shock Wave and Condensed Matter Research Center, Kumamoto University, 2—-
39-1 Kurokami, Kumamoto 860-8555, Japan)
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