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Fig.2 Assembly for measurements of underwa-
ter shock-pressure

“Explosive

LDESEE LTHWTYwS, Ho L TFHIZFFEIL
T 1 mmOFERICELITTH 3, BUFIcBVTithig
E2IEH (BH), REEHHM(SH) LRRZ LicT
3. 22DOHRDEHVTARAHEZ FIRIERIC K > T
REL- kT35, BEHIENLASELBEANT
b, Pt nTEEScho7, AL
7o 5 IRBVEARR I BIRBERT (B — + 75 7 (BR
10t)TH 3, FHILCHV 37D DBHEM B X UM
DRIRA L LTk, FIRBROTRMMAEITTIC L TS
6V PAH DRI DL TOBRAELERL, XD
IIEZT.

»=330.275-. 753/ (¢,+0.03)+2.9X10%¢,,

+3.29l0g(e,/5.0x107") (MPa) 1)
0,=430¢ 2*5+20+2.9x10%¢,
+3.2910g(¢,/5.0x10Y)  (MPa) @

TIT, o, ixMAURSN, £, 3EEDTE, & i2H
YOTARHBBETH B,
2. 3 HREREK

Fig. 2ILRT X 5 I 54 R LIBRED L FOAEHE
DR HTEROBS Lok > - HEREBMEL, ¥
AL AMCBIT 3 HBRIERIERZRREL . EHEy 2
7y FZEESmmM, REX300mmaDy 7 A5
() = 5 2 4 UG B2 W-462594 ) DRI ik
D3R4 — LR (K)BKSP-1-350-E4) 2 /i -
LDT, ThiHlikc¥ vy 70OfwiE17.3
mmOBRHBESICANR, vy 7OEmMEY VY
AT VHEBORFHEMEUESICE L HicLT—n

KIRFEBE




N

rWW
20 40 60 80 100
Time( 1 s)

Fig.3 Shock-pressure history measured using
strain gauge attached with tungsten rod
(Charge weight; 3g, Distance between
explosive and end-surface of tungsten rod;
H=60mm)
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Fig.4 Change in peak pressure Po with distance
H from lower surface of explosive
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Fig.5 Comparison of calculated and experimeri-
tal xjesults under weak pressure
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Fig.6 Shearing deformation process and distri-
bution of l-value with time. Black area
denotes fractured region where I-value=
1 in equation(6) (d=15mm, A=1mm, P,
=197MPa and 7=18.4us)
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Fig.7 Microstructure of sheared material around
die-edge (a) (A shows crack generated
and A shows cut-off of fibourous
structure) and SEM of cut-off surface (b)
(A shows coalescence of microscopic
voids) under shock-pressure (H=80mm)
where die-diameter; d=15mm, plate-
thickness; #=1mm and duration of
pressure; 7=18.4 us
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Fig.8 Pressure distribution with radius from cen-
ter position of die-hole, r (d=15mm, A=
Imm, P,=197MPa and T=18.4us)
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Fig.9 Change in shearing force(a) and length
of sheared surface(b) with time (d=
15mm, A=1mm, P,=197MPa and T=
18.4us)
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Fig. 10 Calculated deformed shape(a), distribu-
tion of plastic work(b) and kinetic en-
ergy(c), with radius, r (d=15mm, h=
Imm, P,=197MPa and T=18.4us)
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Blanking process of a metal plate sheared by underwater shock wave

by Minoru MOCHIHARA®, Masahiro FUJITA**, Kazuyuki HOKAMOTO**
Junichiroh UENO** and Shigeru ITOH**

The shearing deformation process in making a hole on a metal plate by an
impulsive pressure driven by underwater explosion is experimentally and analyti-
cally analyzed. Two kinds of copper plates, work hardened plate through multi-
layered explosive welding, and annealed one, are employed for the experiments.
The shearing deformation process is numerically analyzed by using finite-differ-
ence scheme, and the results successfully proves the validity of numerical analy-
sis with good agreement between analytical results and experimental ones. Frac-
ture mechanism in the blanking operation, meanwhile, is investigated based on
the numerical calculation which is analyzed by considering fracture condition of
the material used. As a result, crack emerging at the die-edge and the following
propagation are clearly and precisely revealed during the process. The shearing
process is also discussed based on the plastic work dissipated during the defor-
mation process.
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