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(2) Experimental arrangements

[© ® ot om

(b) Block diagram of measuring system

Fig. 1 Experimental arrangements and block diagram
i(AlSamples, (B)Tourmaline gage (PCB138A10),
(C)Constant power unite, (DXE)Digital storage
oscilloscope(DC-200MHz), (F)Personal com-
puter

ML, M/CM:£BMA, CHBEHER) ¥810%
TEEXRRHE L, BRIIRDX(FY s 51 v}
V=be7? i NEWE, AV vs v s 2-25
Wt% DO b DT, BEFTETI00m /sec, FEEL
64g/cdThHB, ZhHRBHE, KFRRRBGOS
R, Fx24aobtflize, L, 6 SBAMT CEE
L7,
FBEEND, AT R b=y vyr—y
(PCB typel38A10) ¥R KL n2.5mDfIfiz €, b
L, Fig. 1 RTHB AT At VBB LI,
REEHUBILF O srtvera—-7 (=2 vkl
5 L 460 T 5 AR E1 2200~500nsec), - 7 4 BRI

i2FosrtreRa~7 (=23 L {BleFA2000TC
BRI 2 71120, 2msec) TERE L1z, Es EbizkRuz
BVEH L D

Es=(4xR2/p,C,W)[P(l)"dt Mg W)

Eb=684x10P§* T3/ W (MJ/xe) (2)

I TRIZBRL ¥ — CHDOREME (m), p i3 KOE
B (kg/nt), CwizKDOFH (km/sec), WitiR3EOK
& (kg), OuXPEtEBER] (sec), P(HIXBsMINz 31T 5
BIRMLIES (Pa), Puidi@oKF kit 5aKE
(Pa), Tyix-* 7 AT (sec) TH3,

2.1 LFEM1DO-FK
LFEMID=— FOHET7 A T Y XLIZOTHEN
b 779 vy L BERCEVGTRRICRTRHIZL)
|, 2) S8R, 3) =xAF-RENHHKILT
3%, 2T, p. V. o e dgi b, JitEx, BE,
BE~2 t o, cauchyoh, A= 1 ¥ ~, &
FEEKE 7 ~ 7 o (the rate of deformation tensor), %3
HH~7 + nRUBHARO TR (the determi-
nant of the deformation gradient) #7574, X, &%
() oo O d3&x, 8 () Jox, a () otk
5

(a) (8))=0
(b} (pi) =d;;;+pb;
(3] (Pé) =a; d,}

(Conservation of Mass)
(Conservation of Momentum)
(Conservation of Energy)

X ()12, HEATE L RETHIHRRUATHYEY
LicbnTH5, X (b)izGalerkindD P L - X RE
&9 9 AHTD LRORABONSD,

(d) S {al’.p( é,‘ _j;) +60,'J'0‘,'j}dv— smdv,- ﬂds=0

No. of A Weight M/C
Sample (om) (ks ratio
1 - - 0.00
N 2 66.0 1.05 2.12
NTIER 3 71.6 1.66 3.32
E 4 78.4 2.48 4.95
& 5 83.0 3.10 6.20
X ] 6 90.0 4.05 8.10

A AN
AR 7 96.2 4.99 9.98

Fig. 2 Geometry of samples, dimention and case weight
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1) Initiatizetion (mass matrix M)

2) Compute force vector F°, artificial viscosity q°

and time step increment At"

Ht=t+ &2
4 2 =M"'(F-P")

VRt o 12 gl AR L AR Y2

xn+l =xn-!+ vn#la mﬂ
5) Devidtric stress update
6) Energy update
7) Compute cauchy stress
8 n=n+1
9) go to 2) unless done

Fig. 3 Calculation flow of LFEM1D

. r=0 (fixed B.C)
(A) (B) ©
[— |
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(A) Composition B :30 elements

(B) Metal (L=0~3 cm) :One element length = 0.1 cm
(C) Wazer

Fig. 4 Initial geometry for computer simulation
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Table 1 Material model and its properties for computer simulation

Material Model Properties
. L. Density :7.898 /cd
Steel Elasticplasticwith | yieig seress :0.34GPa
hydrodynamic
Shear modulus :77GPa
Water Null Density :0.998g /cd
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Table 2—a Constants of griineisen equation of state

Material | C(im/sec) S, 7
Steel 4.58 1.49 1.93
Water 1.48 1.79 1.65

Table 2—b J.W.L constants of comp. B

A(MPa) | B(MPa) | R1 | R2 o |Ek]/g)
524.23 76.78 4.2 11.110.34 4.95
200' L] L)

g
g
:é’wol
o i L
0 100 200 300
Time (2t sec)

Fig. 5 Typical shock wave pressure—time curves
(Measured results at 2. 5m from explosion)
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Fig.6 Variation of relative maximum
pressure(RMP), relative characteristic
time(RCT), relative shock wave
energy (RSE), relative bubble
energy (RBE)with M/C ratio(Measured
results at 2. 5m from explosion)
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Effect of metal confinement on underwater explosion performance (1)
by Katsuhiko TAKAHASHI* Kenji MURATA® and Yukio KATO*

The effect of metal confinement on underwater explosion phenomena of explosives was
experimentally and numerically studied by using steel (§541) as a metal case. Experimen-
tally, it is shown that the metal case enhances both the relative shock wave energy (RSE)
and the relative bubble energy (RBE). The shock wave pressure —time cureves calculated
by using one dimensional lagrangian finite element code (LFEMID) presents that the
metal case enhances RSE and the metal case does not change the peak pressure and in-
creses the shock duration at the far field from explosion.

The mechanism of underwater shock enhancement by metal case is shown from ex-
perimental and numerical results. When explosive has metal case, impedance mismatches
at the explosive —case and case — water interface will produce the multiple reflections. The
multiple reflections lower the incident pressure to water, decrease the rate of energy
transfer from explosive to water, increases the energy fraction to increase the shock wave
energy(Es) and attenuates shock wave decay at the near field from explosion. In conse-
quence, the peak pressure is almost constant and shock duration is increased, which con-
tributes to enhance RSE at the far field from explosion.

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