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Structural Optimization of the Shaped Charge Liner to Improve Performances
of Penetrating Rocks

ZHOU Ming, TIAN Bin, LI Bihong, LI Shangjie, LU Kun
Wuhua Energy Technology Co. , Ltd. (Shaanxi Xi’an, 710061)

[ABSTRACT] In order to improve the penetration performance of perforating charges under actual reservoir conditions
and enhance the recovery rate of oil and gas wells, combined with the rock characteristics of sandstone reservoirs, a method
combining numerical simulation and multi-objective genetic algorithm was adopted to optimize the structure of the shaped
charge liner. The key dimensional parameters that affect the penetration performance of the shaped charge liner have been
determined to be the outer wall opening angle a, outer vertex angle radius b, inner vertex angle radius ¢, and inner wall
opening angle d. A response surface methodology was used to establish an explicit expression for penetration depth in rela-
tion to these parameters. The results indicate that the optimal structural dimensions for the shaped charge liner of the perfo-
rating charge are; a at 40 °, b at 3.837 mm, ¢ at 2. 813 mm, and d at 38.7°. The simulation calculations and experimen-
tal tests after structural optimization show that the penetration performance of the perforating charge has been improved, with
penetration performance on sandstone targets increased by 28.97% and 20. 60% , respectively. It significantly improves the
penetration performance of perforating charges in rock formations, providing corresponding technical support for efficient
development of oil and gas fields.
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Fig. 1 Models of the perforating charge and the

shaped charge liner
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Fig.2  Schematic diagram of the finite element structure
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&1 RDX MARE R JWL K &7 42
Tab.1 Material model and JWL equation of state

of RDX
o/ A/ B/
R R
(g+em™) GPa GPa ! z W

1.82 908.47 19.11 4.92 1.41 0.31

A2 ASTAM AR AR
Tab.2 Material model of 45% steel

p/ A/ B/ c/
(g+em™)  GPa GPa " (m-s7?) "
7.8 507 320 0.28 0. 064 1.06

k3 HEFMAEA
Tab.3 Material model of the shaped charge liner

o/ A/ B/ c/
n

(g+em™)  GPa GPa (m-s7) "

7.8 90 25 0.25 0.025 0.1

R4 EAMMHERREM S RAXREFT RAHK
Tab.4 Material model and parameters of linear
polynomial state equation of air

/
rmy & GG GGG G

1.3x107° 0 0 0 0 04 04 O

A5 ORMAREA LM S AXRE T REHK
Tab.5 Material model and parameters of linear
polynomial state equation of water

P 6 6 ¢ G € G
(grem™)
1.0 0 0.020 0.084 0.0800.439 1.394 0

%6 A RHT AHALA Ak
Tab. 6 Parameters of RHT material model of the
sandstone

MID RO SIIE,\R ONEMPA\ EPSF BO Bl Tl

8 2.06 0.11 0 2.0 1.7 0.02 0.158

A N F(Z FS» FT* QO B T2

1.6 0.56 8.6x10°* 0.45 0.1 0.5 0.01 O

E[)(L E(YI‘ E(L E'I' BE’]'AC BE’I‘A'[‘ P'I'F

3x107" x107?3 x10” 3 x10” 0.014 0.019 0.001

GC* GTK XI Dl DZ EPM AF NF

0.3 0.7 0.3 0.05 1 0.01 1.63 0.59

GAMMA A] A2 A3 PEL PCO NP ALPH,\

2.87 x
0 0.160 0.266 0.163 10-* 0.0055 5.8 1.12
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Tab.7 Range of process parameters and initial

simulation parameters of the shaped charge liner

S a/(°) b/cm ¢/cm d/(°)
T AJEE 40~45 0.35~0.500.25~0.40 40 ~43
WIS E 40 0.5 0.25 40
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Fig.3 Effect of univariate on penetration depth
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Fig.4 Effect of bivariate on penetration depth
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Tab.8 Parameters before and after optimization

of the shaped charge liner

g
|

a/(°) b/cm ¢/em  d/(°)
A (A& 1*) 40 0.500 0.250  40.0
Ak (Zs & 2%) 40 0.384 0.281 38.7
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Fig.8 Schematic diagram of structure of the

experimental device
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Fig. 10 Test results before and after optimization
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4) LA e B 0 BN EE SRR W R W RE 4R T

28.97% ;B g i R RE S T T 20. 60%
Al A S L R RS %

(1]

(2]

(3]

(4]

(5]

& £ x #t

Ry, FEEL, R, S REES LR b
HERWMLT]. %ﬁ%la 2020, 43(2): 135-138.
TR, WG, SEaRR. SRR B0 S AL 3 TR e
H‘Jﬁﬁﬁjﬁﬁﬁ[]]ﬁﬁﬂiﬁ&ﬂt, 2021, 50(4) : 105-

109.

XU H, LIM F, DOU Y H. Finite element simulation of
influence of target strength on penetration of perforating
projectile [ J]. Mechamical & Electrical Engineering
Technology, 2021, 50(4) . 105-109.

BIRAL, INHTIE, SR, G5 BAESHLIMTEAR RIRD A
ERSLACR ST B A, 2007 (1) + 64-
66, 93.

LI D C, SUN X B, GUO J R, et al. Study on perforation
effectiveness of shaped charges on different sandstones
[J]. Fault Block Oil and Gas Field, 2007 (1) : 64-66,
93.

WA, SFLAR Ml XS R LA 55 A R AU F
FED]. FH & PEAMKRY(EE), 2019.

YAO J S. Numerical simulation study on the damage law
of surrounding rocks caused by perforation [ D]. Qing-
dao: China University of Petroleum ( East China) , 2019.
RFR, bk, BEthig, S5 A fitt)2 5L S0 3% 0
WL R E AR A2 4 (AR BE AR , 2014, 38
(1) 137-142.

ZHU X X, ZHANG L, XUE S F, et al. Evaluation of
perforation damage for sandstone [ J]. Journal of China
University of Petroleum, 2014, 38(1); 137-142.
PhAise, Bt dhoril, &5, BSes s s T
EEFARGERREITM [J]. whOFEE, 2024,



.24 .

T

)

%54 B 6 M

(7]

(8]

(9]

[10]

S0S0S0S0S0S0S0S00,

33(5): 21-27.
CHEN S H, CHEN Z D, LIN L M, et al. Experimental
evaluation of a combined perforation system under simula-
ted tight reservoir conditions [ J]. Oil and Gas Well Tes-
ting, 2024, 33(5): 21-27.
e, Botdt, B, 4. JET ANSYS/LS-DYNA
BUEBATH R XIS 5 29 B A LA Bt [J]. K
YeZh2gdl, 2024, 47(10) ; 931-936.
LI'Y, RUAN G G, ZHAO H P, et al. Optimization of
arc-cone liner based on ANSYS/LS-DYNA numerical
simulations [ J]. Chinese Journal of Explosives & Propel-
lants, 2024, 47(10) : 931-936.
Wik, #EZR, BIERE. 52T BP M 28 Al i 55
ERIE RN [J]. SOEER, 2022, 34(4):
1-7.
CHEN H, ZU X D, HUANG Z X. Optimization of annu-
lar liner based on BP neural network and genetic algo-
rithm [ J]. Journal of Ballistics, 2022, 34(4): 1-7.
IV, AR, RAEN, S5 R T IEAC BT UZ 24
R ZZREAL [1]. TRPHEL T R4k, 2020,
39(6) : 82-87.
SUN H, JIAO Z G, LIANG D G, et al. Multi-parameter
structure optimization of double-layer liners cover based
on orthogonal design [ J]. Journal of Shenyang Ligong
University, 2020, 39(6) . 82-87.
iy, ERRZE, MG BT RSB HESS &
HRIEZ SR [1]. SR TR R,
2024, 45(2) : 70-75.
HE Z L., WANG Z J, HAO Z W. Multi parameter struc-
tural optimization of cylindrical cone liner based on

orthogonal design [ J]. Journal of Ordnance Equipment

(11]

(12]

[13]

[14]

[15]

[16]

20000000 0000000000000 0000000000000 000000 000000000

R =

1 AT 4 32 A SCEEHRAT R R 7R PR 28 R RS, I 3T -5 A 1 3 32 85 L BRI, A T S A B R T 2

AL RS,

2 ARTISCERALIA , REFvFal , A MERIE L 2

OSSO S0L 00000000000 0000000000000 0000000000000 00000 O

Engineering, 2024, 45(2) : 70-75.

ROLC S, BUCHAR J, AKSTEIN Z, et al. Numercial
and experimental study of the defeating the RPG-7
[ C]//24th International Symposium of Ballistics. New
Orleans, LA, US, 2008.

PRI, B M, BRSE, 55, 4. A3 SNk s 45
BRI R BB 7B [T ] B KRS vhit, 2007,
27(5) : 390-397.

CHEN G, CHEN X W, CHEN Z F, et al. Simulations
of A3 steel blunt projectiles impacting 45 steel plates
[J]. Explosion and Shock Waves, 2007, 27(5) : 390-
397.

MARRS F, HEIGES M. Soil modeling for mine blast
simulation [ C]//13th Internat- ional LS-DYNA Users
Conference. Detroit, MI, US, 2014.

LEE S G, BAEK Y H, LEE I H, et al. Numerical si-
mulation of 2D sloshing by using ALE2D technique of
LS-DYNA and CCUP methods [ C]//Proceedings of The
Twentieth (2010) International Offshore and Polar Engi-
neering Conference. Beijing, 2010.

ULE. A RHT BORIHIE K 3 228000 i J7 i
FE[D]. dbat: mEG LR (dat) , 2016.

LI H C. The study of the rock RHT model and to deter-
mine the values of main parameters [ D]. Beijing: Chi-
na University of Mining and Technology ( Beijing ),
2016.

. TR O L 2 £ 22 e R R A S B A T
BATTE[ D], A KHR, 2009.

WANG J.

response using response stuface methodology [ D ].

Robust parameter optimization for multi-

Tianjin: Tianjin University, 2009.

i

(A B A1) 23 453K

SO0 0SO0SO0S0D!

b



