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(a) Experimental Arrangements

Output
® ™ e

| ©

(b) Block Diagram of Measuring System
Fig. 1 Experimental arrengements and block
diagram; (A)Samples, (B)Tourmaline
gage(PCB138A10), (C)Constant current
powder unit, (D) (E)Digital storage
oscilloscope (DC—200MHz), (F)Personal
computer
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60 mm

130 mm
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SCCRIZBEL Y- CMOBEM (2.5nRU 3 m),
Pt KDOERE (1000k g/nf), CoidkOFE (1.5

No.of A Weiglht M/C

Sample (mm) (kg) rtig
M- - - 0.
M2 660 105 212
M3 716 166 332
M4 784 248 496
M-5 8.0 310 620
M6 900 405 810
M7 962 499 998

(M=1 for type1 M=2 for type2)

Fig. 2 Geometry of samples, dimension and case weight
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Fig. 3 Schematic diagram for calculating shock
wave energy Es
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Fig. 4 Typical shock wave pressure profiles
(M =Metal weight:C=Charge weight)

Table 1—a Experimental results of underwater per-
formance (Case type:Typel)

No.of M/IC PmaxJ 0 T | Es | Bb
Sample 100kPe} 4 sec | msec |MJ/kg| MI/kg|
1-1 ]0.00{119.9] 61.8 |182.9| 0.93 | 1.94

12 J202] - | -] -] -1 -

1-3 ]3.32}114.0f 77.3 | 186.5] 1.08 | 2.07

1-4 14.96] 115.9] 83.5 |]190.3] 1.22 | 2.19

1-5 |6.20]129.1] 68.8 | 186.4] 1.27 | 2.06

1-6 18.10}123.3] 67.0 {187.1] 1.15 | 2.08

1-7 19.98]110.3] 78.8 |191.5] 1.11 ] 223

Table 1—b Experimental resuits of underwater per-
formance(Case type: Type2)

No. of MIC Pmax| € To | Es { Bb
Sampl lOOkPaJpsec msec | MJ/kg| MJ/kg
2-1 10.00}166.1]55.0183.1] 1.09] 1.96

2-2 12.12|172.8| 68.5 | 180.8] 1.50 | 1.92

2-3 13.32]164.2] 705 | 183.1]| 1.41 | 1.97

24 la96] - [ - [ -1 - 1-

2-5 16.20161.1{ 80.0 | 184.7] 1.53 | 1.99

2-6 |8.10]161.9| 73.0 1 186.9] 1.42 | 2.03

2-7 ]9.98]|165.0] 71.0 | 185.5] 149 | 2.02

(M=Metal case weight:C=Charge weight:P..,
=Maximum shock wave pressure;¢=_Character-
istic time of shock wave;Tb=Bubble period;
Es=Shock wave energy:Eb=Bubble energy)

U, N89S =¥~ (RBE) EM/CoMtR%
&+, Fig. 5~8izR?T, 2T, RMP, RCT,
RSERU, RBEiz &2, By —ANFEE LI
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Fig. 5 Variation of relative maximum pressure RMP
with M/C ratio
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Fig. 8 Variation of relative characteristic time RTC
with M/C ratio
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Fig. 7 Variation of relative shock wave energy RSE
with M/C ratio
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Fig. 8 Variation of relative bubble energy REB with
M/C ratio
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Particle Velocity

Fig. 9 Idealized interaction of a detonation wave
front with metal case backed by water ; (a)
The shock interacting (b) The stress-parti-
cle velocity plan (Number 1 to 6 represent
the states at various times in the ring-up pro-
cess between the explosive and the water
Hugoniot) (From Ref. 13)
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Table 2 Calculated fracture properties of cylin-
drical steel tube (These values are
calaulated by egs. (3) and (4).)

Hy |leo H | v
Me (mm)|x ] 04 “r%o (mm) | m/sec RET
212 3.0[1352] 1.73| 1.49] 1668] 1.00
332 58] 879|157 3.89[ 1228] 1.22
496| 92| 772 1.45| 6.79] 1028 1.36
6201 11.5] 6.90] 1.38] 8.96] 927] 1.43
8101150 6.05] 1.30 [12.40] 818] 1.52
9.98118.1| 550 1.23 |15.78] 741 1.59

(HO=Initial thickness of metal case:ed=Hoop strain
rate; Rf = Internal fracture radious; R0 =Initial inter-
nal radious:Hf=Thikness of metal case at frac-
tured: V =Initial velocity of metal cas:RFT =Relati-
ve fractured time)

. 1 R, P, 172
o= % ()

Z TR EAERE, m, 7, A, KIXEHT L TP,

H,, piz & ~CJ(Chapman— Jouguet) 88 HEH, » —
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CompositionBOffi2. 7 (km/sec)  fiv 7o, M/C3Y
Mz X AVORTOREG & KFICEIT S v — ADOBEE
HEOETOHAAE LVGLRETS, D& EH,
=3m®D ¥y - ANEHET AT TCoORBMEIEL, Th
a5 B OO AEER) (RFT) % {4 T Table 24z
AL, &R oM/Cofiimiz & hRFT KM
BB B MY o EasRIAMER TH 5 = &L dioh
5, KhHiBREOMEOBNIREBHERV r — 2
B THBHtype 212D\ TERT 5, type2 OHE,
RSEizM/Cottin & 3tiziim LM/Chi#a 3 CRSEix
Bl.4L7%n, ToOEM/CHYML T L RSEDffiiLiz
EAEELTESTRFTOMBE —BH LTV Il
AHBIZHG Ry — A0\ BEORB AT L E
EHInThy, chbRDIr -2 (M/C=9.
9BDME) MNEWMTBEFOEFcic D ¥ CHET HH5MH
12895. 2msecTH B, £BY — ANFET 5 EM/Co

)

—127—



Mk 0 SnRHEEYETSLE L5, BB
OHEXFERT 5 LRSECHBHLHBE O EIHE
B Emsecliic& T LT3 L Rictongyc
HB, T, type2 CRARRIZAG Ly — 20K
ETIEM/CHRYMLTCLRSEN—B L~ & T2
HhHAERMCHTIAMAL SB35 LEDH 5,
—7%, typel i2H\TizM/Coifitmiz £\ RSEi2
MM LM/CHi#¥6 CRSEX M. doR AL e b 2D
%, B+ 5, typel CREBANFEBCHHZER,
r—2A0EDLEABOEIOEAM/CiIzL DR D
SRy ~ AOBRBROBWBHRIL BT LXTFHEhS,
ZDHKPEHBEOHEELM/CIZ L Y BGEZ
Bl emEXORDA, ZOZELIZO0TIHELIZ
BHTHLEIND S,

4.2 &RMir—ADORBEANES

RBE~DQ &Ry — A0PHRIzo-Tik, &R Yy —
ANFETH L, EHROBRICETZSERMPRY
By - AOBBILTEDOMRMELEL TS, Ok
», BRERSIEER, SEOCRIEC X » EEFHER
Ehpbr ke hYRBEL K &< ibH, TOBE, RBE
DI E LT 5 DIL, type2 X btypel DER 7 —
ADHMHAZV, Thil, typel ditype2 D&E Yy —
ACHBLT2 V7 4 47 FOBRIKE V28,
BEERYY L 0SE, BECIREIZ X b REMER
ERTVWBIHTHE, b, BEShi<7 2B
(Tb) DRI EH » — 2 DFEEIZ L ) HmsechH H %
< &L 10msecRECHBH T &, typel, type2 i
ML PThizM/CoMmz v LT3 & X
n, Thoimizr - AOHERCBLAFHRTHS L
FRIEnd, coRBLTI Kbkt 5 r—-2D
BINEERIY T 5 St L OBATED EF 2 D,
5. & &R
AKPBREEECRETSR Y — ADHRIZOVT,
XD AN =2 XL BRTHIDIERM ORI L,
RBRER LD, 2B7 - AOFERKPHRE =1
F-RUEAT =R F—DThiKT 558
BRI, KhEBE=F L ¥ —~OFERELLK
gy, chiz, RAWBEENRE—ETHH, ¥
B R THRDTHALAHBELL, Th
RIBENSEr — ATHEIhIBE, FYROHER
TAVE—FYRiA®, FILLBSEREIE LS,
SOSMEHIKRP~ADAHFREEDYET 24,
BENOKDBAD R ¥ —EREEVET 2RI,
HIBRENORBUEE LB T5, TOBR, BERS
IZk\V-TRB Yy — ADFRITL 6T PratliziF—
EBEih, TLTERY — AOFEIZL H KPHRE
=F A ¥ —itfiAkT 5, X, ARHBRUERY — A

—128—

DR EORUHL LE L T5 00, BEENDI
TR, MEOREI X v MR EhD o LEny
RBEL K& <73,

X B

1) Cole,R.H., “Underwater Explosions”, Dover
Publications, New York (1948)

2) Ah—=, “KPRRBCKT D7 AROFER) ()
#) RS- 712X BWE", THAE, 36,
pll—pl9 (1975)

3) AF—=, "KPBBICBIT 55 AROYEEH (2
) KIBRORE L ¥ ABROUT ™, THEKE, 40,
p306—-p312 (1979)

4) BPES, FHIER, XHEE , KGEE, “XK
FRBCLIHBEL = I F-ORERE", T
KK, 42, p239—p247 (1981)

5 LRS, MEXH, BXER, EBW=, @b
R, Hh—=, “BEEEROAZV-ALEE
ROKPBR", T#H K, 52, p329—p335 (1991)

6) PIURE, £BW=, AP—=, “KehiBBEr A
RofEERE", THRAKHE, 50, pl79-p
183 (1989)

7) Warren,C.S. (ed.), “Conventional Weapons
Underwater Explosions” ,Georgia Institute
Technology, AD—A201 814 (1988)

8) Warren, C.S., “Investigation of Research Needs
for Underwater Explosions” , Georgia Institute
Technology, AD—A230 840 (1990)

9) Jonson, J.N.,Mader,C.L. and Goldstein, S.,
“Performance Profiles of Commercial Exp-
losives”, Propellants, Explosives, Pyrotechnics, 8,
p8—pl8  (1983)

10) Roth,J., “Underwater Explosives” in En-
cyclopedia of Explosives and Related Items, Vol.
10, pp. U38-U81,US Army Research and
Development Command. Dover, New Jersey
(1983)

11) Xiaoquig, M., Meiling,C. and Lanting, Z,
“Theoretical and Experimental Studies on
Fragmentation of Thin— Wall Cylinder Under In-
ternal Explosive Loading”, Proc. Int. Pyrotech.
Semi, 17th(v. 2), p793—p799 (1991)

12) Kenedy, J.E., “Gurney Energy of Explosives :

Estimation of the Velocity and Impulse Imparted

to Driven Metal”, Sandia National Laboratories,

SC—RR-70-790, December(1970)

Sheffield, S.A. and Bloomquist, D.D., “Sub-

nanosecond Measurement of Detonation fronts in

13

~

TRKHE



Solid High Explosives”, J. Chem. Phys., 80.p 3831 -p3844 (1984)

Effect of metal confinement on underwater explosion performance( I )
by Kenji MURATA* Katsuhiko TAKAHASHI* and Yukio KATO*

Effect of metal confinement on underwater explosion performance was experimentally
studied by using steel (SS41) as a metal case. From experimental results, it is shown that
the metal case enhances both the relative shock wave energy (RSE) and the relative bubble
energy (RBE). RSE is enhanced since the metal case does not change the peak pressure
and increases the shock duration. Detonation products with the metal case are maintained
at higher pressure and temperature for longer time by multiple reflections than those
without the metal case, which enhance RBE.

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