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Table 1 Measured shock wave parameters at 2m from explosion
Metal case M(kg) | C(kg) | M/C | Pmax(MPa) | 6(us) &/C'\3 (us/kg!’®) Es(M]/kg)
No metal case 0.00 0.298 | 0.00 16.4 66.4 99.3 .11
0.00 0.300 | 0.00 15.9 70.9 105.9 1.09
0.955 0.292 3.27 16.5 80.8 121.8 1.39
0.948 0.290 | 3.27 16.4 83.3 125.8 1.41
Copper
2.226 | 0.292 | 7.62 15.3 93.4 140.8 1.44
2.218 0.293 | 7.58 15.5 93.1 140.2 1.42
0.293 0.293 1.00 16.9 72.5 109.2 1.26
Aluminium 0.679 | 0.292 | 2.33 16.6 74.3 112.0 1.28
1.273 | 0.292 | 4.37 16.6 73.7 111.1 1.28

(M =Metal case weight ; C=Charge weight ; Pmax=Maximum shock wave pressure ; #=Characteristic time

of shock wave ; Es=Shock wave energy)
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Fig. 3 Typical shock wave pressure profiles at 2m
from explosion
(M: Metal weight, C: Charge weight)
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Fig. 4 Variations of relative shock wave energy
(RSE) and relative reduced charaterstic time
(RCT) and relative maximum shock wave

pressure (RMP) with M/C

reduced Characteristic Time=RCT) BRU#8#a0iR
X HRBEE D (Relative Maximum shock wave
Pressure=RMP) & M/Cote¥ T+, - Z TRSE,
RCTRU'RMPiz &R » — ANEE Licy - Baia+

KIEFELEE



50 P s s s
- 1(a) Copper casel
40(\ A A [m] A im §
gso - g '
Z E10 95
: 2 =5
20 ; 2
= A__la im |a 2 @] © [[o mcoo (A)
Y S\ At = O Mic=327
3m A M/C=7.60
1
0 'y 5 10
0 2 4 6 8 RIW3(mg!i3)
M/iC 100
Fig. 5 Variations of maximum shock wave (b) Aluminium case
pressure (Pmax) with M/C at several )
measured positions(Circle, triangle and
square symbols represent Pmax of explosive '_‘@
without metal case and that with aluminium rg 10 %
and copper case, respectively. Open, semi- 3
black and black symbols represent Pmax at & [He® M/IC=0.00 » -
1, 2 and 3m from explosion, respectively) &5 [lo mics1.00 (A)”
& 1o mic=2.33
A MiIC=437
s8Ry — ANFET 5HADEs, 0/C RV Pmax i I
DHELTT, RSE & M/COBRE b SRY — A% ! R Panig ) 10
Eskiina 454, E—ofB0oeRYy — 2 Tl
Fig. 8 Variations of reduced energy flux den-

EAMMULTCLESILIZIEF—EBTHD, 7TAI=27 4
RUENy — AL 2 Esw# 5% RO 27%HMx ¢
Tk, BRyr—2OFRTA =204 Wr—A LY
Es¥iins w3 9EsNKE-Z Lobr Db, RMP L
M/CoO&RY hPmax iz £y — 2DOHE, Hific
IDREAEERLTC IV, —H, RCTEM/Co
BRIV 7 A =20 2RUEMYy — ALE BN
B % 49 8 B RV 20~37%MIMX TV B, TDZ
L OBy - RADFEEICL D EshiltimT 3012
Pmax L DOIZ L BRENKEZ EH b3, B,
&/~ 2wk b EshifimT 50l r - 208
REEDOMEAE X ET X2 HREE oG
EMEESBHRERL TV 2EFELBID, 2O
HREEDOMFHEELET 258 RL7L 2y
LEOEDHHKEZ ENbh B,

Fig. 5 RO Fig. 6 IZIL R KSR EEH (Pmax), &
=¥ - HA%E (Reduced Energy Flux Den-
sity=REFD) & RJIEERE L DBifR% /R LIz, Table
212ixFig. 6 L0 SR SHEMUN D) OERK B XU
at ¥ L i,

Log(REFD) =k+alLog(R/ W) 4)

Z ZCREFDIZEFD #B8E Mo 3 £iR (kg) TEL
1:{fiTH 5, Fig. 5 HHoRAELIc2TOMERERC I
wC, 2By —-2OFEDHE, &BYy — A0fiFiz

Kayaku Gakkaishi, Vol. 56, No. 6, 1995

sity(REFD) of explosive with copper and
aluminium case with reduced distance
(Subscript(A) represents REFD of ex-
plosive without metal case at R/W'/%=3.15
in the previous work®’ .)

Table 2 Least squares fit constants of reduced
energy flux density
(Log (REFD) =k +aLog (R/W'/3))

Metal case M/C k a 2
No metalcase | 0.00 | 1.98 | —2.07 | 1.00
3.27 | 2.10 | —2.09 | 1.00

Copper

7.60 | 2.08 | —2.03 | 1.00
1.00 | 2.04 | —2.05 | 1.00
Aluminium 2.33 | 2.07 | —2.10 | 1.00
4.37 | 2.03 | —2.04 | 1.00

(REFD =Reduced energy flux density ; R=Distance
between explosive and gauge ; M=Metal case
weight ; C=Charge weight ; k,a=Least squares fit
constants ; r=Correlation factor)

Db T Pmaxi2iz LA VB LTV LS &b
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Fig. 7 Variations of shock wave energy (Es) and bub-
ble energy (Eb) with M/C (Circle, square and
triangle symbols represent Es or Eb of ex-
plosive with copper, aluminium and steel
case, respectively. Open and black symbols
represent Eb and Es, respectively)
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Fig. 8 Pressure-particle velocity(Up) plane of
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Table 3 Material properties(Us=C+SUp)

Material C(im/s) S o(g /ed) TS(MPa) | (%)
Aluminium 5.37 1.290 2.78 129 19.0
Copper 3.91 1.489 8.94 239 40.8
Steel 4.58 1.490 7.89 450 >20
Composition B 1.20 2.81 1.71 - -
Water 1.48 1.79 1.0 - -

(Us=Shock wave velocity ; Up=Particle velocity ; C=Sound velocity ;
S=Constant ; p=Density ; TS=Tensile strength ; ¢=Elongation)
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1.6 M S I ] Table 4 Measured bubble parameters
[(a) MISP versus ES
o T T T Metal case M/C | Tb(ms) | Eb(M]/kg)
... ® 155.3 1.98
~14 .
g No metal case | 0.00 155.7 L.97
2
& 155.7 2.03
o 12 co 32 1553 2.04
o pRer 260 | 1606 2.23
’ 160.9 2.24
% & 10 12 14 16 18 2 1.00 | 154.0 1.96
MISP(GPa) Aluminium | 2.33 | 155.6 2.04
16 {m 4.37 | 155.8 2.04
7T T i ® (M=Weight of metal case, C=Charge weight,
14 ® Tb=Bubble period, Eb=Bubble energy)
S
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Fig. 9 Effects of maximum incident shock wave
pressure(MISP) into water and tensile
strength(TS) of case on shock wave
energy(Es)
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Effect of metal confinement on underwater explosion performance( 4 )
—Effects of aluminium and copper cases—

by Katsuhiko TAKAHASHI*, Akio TORII*, Kenji MURATA*
and Yukio KATO*

The effects of aluminium, copper cases on underwater explosion performance of ex-
plosives was discussed with results of steel case in our previous work. Experimental results
represent that metal case does not change the maximum shock wave pressure and makes
longer the characteristic time of shock wave. These results indicate that metal case has the
effect attenuating shock duration, therefore shock wave energy is enhanced. It is found that
shock wave energy of explosive with various metal cases is correlative to the maximum inci-
dent shock wave pressure into water, which is calculated by the method of shock im-
pedance match, and static tensile strength of metal. This result suggests that dissipated
energy decreases due to metal case because metal case with high shock impedance pro-
duces a low maximum incident shock wave pressure and the multiple reflection within
metal case, which duration is affected by the fracture process, attenuates shock wave
decay. Therefore, shock impedance and tensile strength affects shock wave energy. And
also, in the range of experiments with the same metal case, shock wave energy does not
change with increase of thickness of metal case. On the other hand, aluminium and steel
cases slightly enhances bubble energy. When explosive is in a copper case, bubble energy
increases with increase of thickness of metal case. These bubble energy of explosive with
various metal cases are not correlative to static mechanical properties of metal.
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