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Assessment of Penetration Performance and Optimum Design of
Shaped Charge Device for Underwater Steel Cutting
Young—Hun Ko, Seung—Jun Kim, Jung—Gyu Kim, Hyung—Sik Yang, Hee—Do Kim,
Hoon Park, You—Song Noh, Chul-Gi Suk

Journal of Korean Society of Explosives & Blasting Engineering

Abstract In this study, several underwater steel cutting tests and AUTODYN numerical analyses were conducted
to evaluate the penetration performance of a shaped charge device. Parameter analyses for the contribution rate
were conducted by using the robust design method. The parameters adopted in this study were chamber type,
stand-off, and wire setting, each of which had three levels in the analysis. Analysis results showed that the
contribution rate was most affected by the stand-oft, followed by the chamber type and wire setting. Experiments
of underwater steel cutting were conducted at water depth of 25m. As expected, the experiments and numerical
simulation showed similar results for underwater steel cutting performance, and thus the feasibility of the shaped
charge device for underwater steel cutting at deep water depth was verified.

Key words Underwater steel cutting, AUTODYN numerical analysis, Robust design, Shaped charge device

£ B2 APAE $EYYE P9 g BrIel] gste] 2As W AR ATS sk 5
HEE ARHAT 9 QA AR, sandoll, Sjolo] e] 2 3z o A Hgstel QUi
7% BAE gl Bddsoll tigk 7o BT AHE @ 3o)) o7 Yfo] 7P ZlaL WY F5, gfo)
o] 2} 02 vkt AFHOR 25m ol SAlelA] FEAAFBF A Hgol w2 P Y PEIY
9 AL Bk, T AR AY R A BT RARE 231 BYth B A7 B9 TR 250
Mol A e Sgt SEARET 49 AL sk
gizlo] =5 AEY, AUTODYN Ra|8l4], ZFa4A|, 5332k FA
.M 2 =2 Ao a7t siA Aalel sl of 4]
WSk 37H AlekS Faslalr] el ¥ EekS
A AAA R WeAgE ttRERE Bl R 083w} iRl Ayt WaEa it Ogata
ol gk alAl o7t SISkl QIThEREAL, 2015). et al,, 1997; Wu, 2010).
Z|Ed s 2 1A SAE A8t sdE FEolA APERS H 83 AlERe sﬂot =
= Yol 4EEet EHE ARste] L2ES A

) e g
)ﬁg;liuugl_ok
EEERNTE]
* WAIAZ} ;- hsyang@chonnam.ac.kr
Ay 2018@ 29 28¢
A &R : 20189 3¥ 7Y
A %52l 20184 3¢ 12¢

e
1
T

A
A

3 AFI(DEMEX, 2002), 4% 125 AdS 9s)
TFEE| R A, W U S5 Aol B
Hapsto] Zhuke Akt A(AA7], 2014) 5
E} T3} Brain(2014)2 24 AlojAle] Ad A

Fol| th2d AE|RES 0]835}o] stand-offol| wh

=
[e]
AN
;’E
=

A&
o]
K



N
4
of
N
]
2
n
o
10
_O'E
%
9‘|_|
I

e A7} ojeie o
S 4% ) Ane] 28T A WA £F 35

O
Wi

o3
.0
o
4>
ofy
2
oo
N
o
%)
o
¥
o
o
¥R
=
1%
Nl

2.1 A8 Hy=e
S KA ARG ARHEL31 9L 4B EHHAKO)

2 ST AN A Aol Atk 1 o

o] vk ARl S5 Tk Zae] vy

8~9mm Aoy, o]& Zsle 7|&
2 AYEF AR YR 4 HALoltt

2.2 th7|, =5 M=} HEHY xl0|

A= ojugt wjAET oA Z HutEl=
EAE 7HAAL Qi) Zokl Fo] AW vkg-S
High/low Y3 ¥X(impedance)® UERE 4~ Qlom,

= A (D~#E AT 5= k. ZLofA 9]
f SA = JAEEe} o] SuF HEof
2} AA =, Al (3)2] U-u Hugoniot&} ZthCooper,
1996). S49t &E= ol wet Wgsht ¥ 4

Table 1. Specification of HAKO

= njujsta e F2n Sws

2ie] 90 o

5P 2% 8 4 gick. e wkakte] ) 8
gEom A oha B89 W wet Rk
2o AEES 4 BYS B YUUAS X3

glov], o Uxel 2P

3 e H} e
NPAL 2t Qe ek B 2 gk oREs

2 ot 4 @)
7)(1.205kg/

mRe e WES Zp gl SN JPH

o] 71% g ) A= 73y

W] MR WhAklol

o
SIS glolth. ollo] ARBS A QJxdE

o AskE WAL & 4 gk

P=pulU
Z=pU
U= C,+ su

P = pyCyu + pysu’

Fig. 1. Schematic of shaped charge.
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Specification (mm) W (mm) H (mm) |Liner thickness (mm)|Steel cutting performance (mm)
HAKO 70 2,000x30%20 9 8.81 1.05 3
HAKO 150 2,000x35%25 12 14.61 1.10 6
HAKO 350 2,000x40%35 19.94 20.68 1.52 10
HAKO 600 2,000x55%x50 25.28 30.06 1.66 15
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7] A,

C, = Bulk sound speed,

P = Pressure,

s = Material constant( Hugoniot)
U = Shock velocity,

u = Particle velocity,

Z = Shock impedance
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3o
i =a=1

stand-off2} set rubber wireo]] gt & Iz} A

(b) Stand-off

(c) Set rubber wire

Fig. 2. Factor of shaped charge device for robust design.

Table 2. Effect of parameters on average penetration depth

No. Cavity chamber type Stand-off Set rubber wire Aver. penetration depth (mm)
1 1 1 1 8.765
2 1 1 2 8.367
3 1 2 1 8.680
4 1 2 2 6.632
5 2 1 1 6.938
6 2 1 2 8.757
7 2 2 1 6.235
8 2 2 2 8.373
level 1 8.109 8.207 7.652
level 2 7.578 7.480 8.034
Delta 0.531 0.727 0.382
Rank 2 1 3
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(a) Case 5 (result)

(c) Case 5 (top view)

(e) Case 5 (peak penetration depth)

Fig. 3. Results for shaped charge device(case 5) penetration shape of steel plate.
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Fig. 4. AUTODYN numerical model of underwater shaped
charge device.
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Table 3. Properties of coupling materials.

. Sound . | Griineisen
. Density .. |Coefficient
Materials D(em’) velocity s parameter | EoS
c(m/s) Iy
Air 0001225 - - | idel
gas
Water 0.998 1647 1.92 - shock
Table 4. JWL, C-J Characteristics values (RDX).
A(GPa) B(GPa) R1 R2 o
503 9.065 43 1.1 0.350

Table 5. Material properties of steel.

Properties Value

Density (g/m’) 7.83

Bulk modulus (K, GPa) 159.0
Shear modulus (G, GPa) 77.0
Yield stress (A, MPa) 400
Hardening constant (B, MPa) 410
Strain rate constant(C) 0.014
Hardening exponent (n) 0.26
Thermal softening exponent (m) 1.03
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Fig. 5. Results for numerical simulation

(d) After explosion(SPH model)

of Euler/Lagrange and SPH model.

(a) External face of steel pile

Fig. 6. Numerical simulation result for penetration

(b) Internal face of steel pile

shape of SPH model.
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Fig. 7. Non cutting region of steel pile.
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Fig. 8. Run up and run down in a penetration profile.
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(a) Stand-off rod (b) Rubber cap for detonating cord hold

(c) Upper plastic holder (d) Underwater shaped charge device

Fig. 9. The parts of underwater shaped charge device.

(c) Connect detonator to buoy (d) Underwater ground survey

(e) Installation of buoy (f) Installation of explosive

Fig. 10. Experimental process of steel pile cutting by underwater shaped charge device.



Hob

M

o
oz
41
09
ol
1=
oN
lon
|.|-|
=

J
Hol

Table 6. The result of P.P.D and A.P.D final explosives experiment.
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No. Peak penetration depth (mm) Aver. penetration depth (mm)
exp no. 1 10.00 (clearly penetration) 9.112
exp no. 2 10.00 (clearly penetration) 9.214

Fig. 12. The comparison of experiment result for steel pile and 3D profile of penetration shape(no. 2).
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