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(A) Composition B : Length in R-direction of
one element is 0.15~0.30 cm.

(B) Metal (L=0~3 cm) : Length in R-direction of
one element is 0.10-0.20 cm.

(C) Water : Length in R-direction of

ozne element is 1.0 cm.
Fig. 1 Initial geometry for computer simulation
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Table 1 Material properties of metal

e Il - MR

Copper 0.120 47.7 8.924

Alyminium 0.290 27.6 2.784

Magnesium 0.190 16.5 1.740

Lead 0.008 8.6 11.850
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Table 2—a Constants of griineisen equation of state
(C=Sound velocity;S, =Constant; y =griineisen gamma
; poC = Acoustic impedance;refer to eqs.(1) )

Material Clkn/s) r MES -1
Copper 3.91 1.489 1.99 34.89
Aluminium 5.37 1.290 1.97 7.83
Magnesium 4.50 1.260 1.54 5.67
Lead 2.05 1.460 2.7 24.29
Water 1.48 1.786 1.65 1.48
Table 2—b Constants of J.W.L of Comp.B
(refer to egs.(2))
A(MPa) | B(MPa) R, R, w E(K])/g)
524.23 76.78 4.2 1.1 0.34 4.95
Table 3 Material parameters of copper
Yieldstress | Shear modulus Density
Run No. (GPa) (GPa) (g/cd)
Runl 0.12
Run2 1.0
Run3 2.0 47.7 8.924
Run4 3.0
RunS 4.0
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Fig. 2 Shock wave pressure profiles with various
yield stress at the near field from explo-
sion(RUNO=Interface between water and
detonation products:RUN1-~5=Interface
between metal case and water)
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Fig. 3 Shock wave pressure profiles with various
yield stress at the far field from explosion
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Fig. 4 Effect of thickness of metal case on shock
wave pressure profiles at 3m from explosion
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Fig. 5 Variations of relative shock wave
energy (RSE), relative maximum
pressure(RMP)and relative characteristic
time (RCT) with M/C at the 3m from explo-
sion (Metal=Copper)
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energy (RSE) with M/C
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Fig. 11 Example of Pressure-time curve of the ele-
ment of metal case at the interface between
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Thickness of metal case=2cn)

CTMC (msec)

0.0

o [Foge

6 8 10 12 14
MI/C
Fig. 12 Compression time of metal case(CTMC)
with M/C

0 2 4

=44 #— (Total Kinetic Energy=T. K. E)Df
EdB 0K ELFig. 10icRET, Beo (A),
(B), (C)DESILEZEAMMERKE, &K, K&xRE
To TORE, BEERKENI SO F A ¥ —HIHE
BEuiM/Cottimiz v B h-Tv 5, X, KoT.
I. ERUT. K. EOMERIZSSIZE{L»T
H o ENSBREEFIZRY 5 HEEBMIOH NS
LLTBoENErbhs, EATRED LILER
¥y—20T. K. EoBE#RCtH?, &Br— 20
HxofimeivT. K. EORKfliRA2 k0%
OBV EENETT5, COLDEBY —ADEXD
Mmic k 9 XkoT. I. ERUT. K. EOMmEE
ETL, TOBERRCTRURSEN ML EE LB,
Zhoik, MBTEBLEABIZSGR Y — Adizsit 3
WREDOSHRS AT 5L HL 5, —0SMKES
RINSRIP - mEZh, ZoOMELLRr -
ADBIOYHRBRV Yy —ADav? 4 4 v b OIYR

—195—



ZZRRCTOMMA~FEST5, @By - 20oHEY
HE LIBT3 &R L ROBRIZEFB T2/
DBEFIZOVCTOUREE MR o —F % Fig.
1iz5iT, SHIZRUN-T2 (r — 2ADH Xi22cn)
DBETH B, = = TEHHI0kPaz e 5 T TOBR
(EREMPE LS X CoOBRN) ¥ @By — ANEBIRE
I-dh 5850 (Compression Time of Metal
Case=CTMC) £ % L, CTMC:M/CoBFR ¥ Fig.
Rici+, PR, SRATTLS5I2Y 92214 v~
FvADKEVCEBIL Yy — AN BV
CTMCiz££< s hRSEX T 5,

5 # I
KPFRE= L ¥ — E)RIETSE Y - 20D
aVT7 A AV RREZRTS 75 v = ARER
i ENY 2 - FDYNAZDZXAV-THRE L, =2 v
74 A/ POREELTIL]D) HEDWRIERD, 2)
HHBEERVSY) v 24 v - Sy AXERLIL,
DR, RSERSEy — 20N HBIEHTHIR
RIESD, BERV'Y 5 5274 v €= 2OBEYS
5, RRIENDNSKE { e L HIREHERM (60)
BUBABREES (Pa) ¥P LEsiz/ <3,
r—ADOFREINMAT 2 L emMhicRETHSTRY
DEEFMNE ey, BRERZEIOK~AD=F
AF—ERBEMNAE D Lic X Hodrk LEsH
MEdTs, X, coBRERMHILY 5, 271 - T
ADKEVEE, HTRES L HYEskRLEZEDD,
Vg 2 AV E=H Y ADNENTRA =D L, T
Fv v A TRESkAE LI HBRE LV,

5@, BAHFIZY i« DSBRHFIZ X 5 Kbil
Bz F ¥ —ItRIFTHRL BN, FRLLCHSHE
BRI YRR, BREFLTVEL,

X B

1) Cole,R.H., "Underwater Explosions’, Dover
Publications, New York (1948)

2) Warren,C.S. (ed.), Conventional Weapons
Underwater Explosions’ , Georgia Institute
Technology, AD-A201 814 (1988)

3) Warren, C.S., 'Investigation of Research Needs
for Underwater Explosions’ , Georgia Institute
Technology, AD-A230 840 (1990)

4) Murata, K, Takahashi, K. and Kato, Y., 'Effect .
of Metal Confinement on Underwater Explosion
of Explosives’, Proceeding of the 18th Internatio-
nal Symposium on Shock Wave, p947 (1991)

5) HBfRE), SRGE, NERX,’ KPaRiEE
LRETERy —20HR (I)', TRKEBS
it, @R

6) Hallquist,J.O., 'User’s Manual for DYNA2D...

An Explicit Two-Dimensional Hydrodynamic

Finite Element Code with Interactive Rezoning’,

Lawrence Livermore National Laboratory, Rept-

UCID-1856 (1985)

Steinberg, D. J., Cochran, S.G. and Guinan, M.

W.. A Constitutive model for metals applicable

at hight-strain rate’, Journal of Applied Physics ,

Vol 51, pp1498 - 1504 (1980)

8) Marsh, S.P., 'LASL Shock Hugoniot Data’,
University of CaliforniaPress(1980)

9) Leeet.al., 'J. W.L. Equation of State Coeffi-
cients for High Explosives’, Lawrence Liver-
more National Laboratory, Rept-UCID-

16189 (1973)

7

~—

IHRXR



Effect of metal confinement on underwater explosion performance (II)

— Approach by using numerical simulation —

by Katsuhiko TAKAHASHI*, Kenji MURATA®* and Yukio KATO*

In order to discuss effect of metal confinement on shock wave energy (Es), computer
simulation by using DYNA2D code was performed with various metals (copper, aluminmum, magnesium
and lead).

It is shown that yield stress, thickness of metal case and shock impedance of materials

affect relative shock wave energy (RSE) as follows.
1) RSE is decreased,since both of characteristic time(d) and maximum shock wave
pressure (P, are decreased with increasing yield stress of material. 2) With increasing
thickness of metal case , the duration time of the multiple reflection produced by im-
pedance mismatch in metal case, become longer. Therefore, RSE is enhanced at the far
field from explosion. 3) Metals with the high shock impedance such as copper and lead
enhance RSE , since compression time of metal case (CTMC) becomes longer in the case of
those metals. In the case of metals with the low shock impedance such as aluminum and
magnesium, CTMC is too short to increase RSE.

It is shown that the mechanism of the above effects is due to the role of metal which
decreases the rate of energy transfer from detonation products to water.

(*NOF Corporation, Aichi works, Taketoyo plant, Kitakomatsudani,
Taketoyo-cho, Aichi 470—23, Japan)
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