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Table 1  Thermal-mechanical parameters of 7A04 aluminum alloy varying with temperature
T/K A/(Wem™ e K1) C/(Jekg™ '« K™ a/(107°%« K™1) E/GPa  o./MPa v
293 155 880 22.0 66 432 0. 350
373 159 921 23.6 61 402 0. 355
473 163 1005 25.2 50 235 0. 360
573 163 1047 26. 8 46 118 0.365
673 159 1089 28.4 43 69 0. 370
1.2
. N . Abaqus ,
DS4, S4R, L=
1 m, D=0.55 m; : h=h/D, h ;
E:R/Dv R H ’ P/Ph ’ r
s Py, , o
1.3
Gine (P) = guaexp(— 277 /R*) (2
:r 3 Gmax . Guax = 2q0 /(1 =€ %) 1 qo
1.4
ro] ,
, ( 0. D o
, DIF, =0 >)F, =0
o = PwDh/2 (3)
Om — Pthh,/4 (4)
:O0m 50 ;Phk 5 (3)9(4) ’ 2 ’
P, = 2hs,/D 5
R Dload s
2.1
[10] , 1
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R 0.07, h  0.01, 0.62, 11.37 s s 1.1ms



(a) numerical result

(b) restored test specimen
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Fig.1 Comparison of numerical result and experimental result
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Table 2 Parameters related to failure type | : Table 3 Parameters related to failure type I :
“X” type burst crack propagation and burst
No. R g /(W s cm?) P/P, No. R h q /(W cem™?) P/Py
1 0.03 424 0.95~0.99 1 0.03 0.01 424 0.7~0.85
2 0. 05 0.01 153 0.6~0.85
2 0.05 153 0.95~0.99
~ 3 0.07 0.004~0.01 78 0.6~0.85
3 0.07 0.002~0.01 78 0.95~0.99 4 0.07 0. 002 78 0. 65~0. 88
4 0.1 38 0.95~0.99 5 0.1 0.01 38 0.55~0.85
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Table 4 Parameters related to failure type I :

b
local perforation failure
’ b
, “x” ’ No. R h q /(W s cm™?) P/P,
1 0.03 0.01 424 0.01~0.59
’ ’ 2 0.05 0.01 153 0.01~0.53
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Fig. 4 Temperature rise and softening factor curves Fig.5 Internal pressure ratio vs softening factor
at different spot radius at different spot radius
B 4 ARREDEBEAE T A 2k LSS - il 2k 5 AFEAEBEAR T FEE -l H 7 il 2k
o 78 W/
cm?, R 0.07 . h 0.01,0.008,0.006,0.004,0.002
s 6~7 R 6
b b b o 7
b o b
2.3
2.2 o s
o 8 9 ,
o : 3000 W, h  0.01,
R 0.1.0.07,0.05,0.03; 78 W/cm”, R 0.07, h  0.01,

031001-4



0. 008,0.006,0,004,0.002, ,

o
=]
L

—=—7=0.010

internal pressure ratio P/P,

——7=0.008
0.7 +E:O‘006 =
—v—7=0.004
0.6 —+/=0.002 i
0.5 r : T T T - - :
0 0.1 0.2 0.3 0.4
B
Fig. 6 Internal pressure ratio us softening factor at

different thickness of cylindrical shells

B 6 AN [ B 7 BEJRE T 0 LA A R it
30 — T
244 b
o ]
g 18- 0.23°-6.24x+36.00
ﬁ : 67x~12.80x+60.807]
312
&
6
0 T - T T '
3 4 5 6 7 8 9
internal pressure P/ MPa
Fig. 8 Failure time vs internal pressure at

different spot radius of cylindrical shells

Bl 8 ARIFEBE AR T FETE N LS BN X R
7
s 10,
R 10
b
0.75 s,

94
8
74
6
5
44
34
24
14

internal pressure P/ MPa

Fig. 7

0.010 0.008 0.006 0.004 0.002
h

Internal pressure vs thickness of cylindrical

shells at different softening factors

B 7 ASEV KA B T R P R - AR it £k
24 T T T
1 » 7=0.010
o 7=0.008
20 + 7=0.006
] v 7=0.004
= 7=0.002
% 16 — 1,=0.67x"-12.80x+60.80
g 1 — 1=0.80v-13.64x+54.88
=12 — y=L11¥-14.74v+46 47
R — 1.=2.06x°-19.03x+41.59
E 84 =2.08x'-22.88x+33.10
4 . 4
0 R e e e e e I e i
01 2 3 4 5 6 7 8 9 1011 12
internal pressure P/ MPa
Fig. 9 Failure time vs internal pressure at
different thickness of cylindrical shells
9 AR 72 BT L5 S IR B 8] i 5% 2R
750 ——temperature in the
center of beam
700 failure time of different
Y R e R e i h when
650 o g=0.10
M =0.25
- 600} i ’ 0 £=0.30
5 550 ! o p=0.35
= ! predicted failure time of
5 500 & : i different 2 when
2 ' ; i -+ £=0.10
5 450 i ' a-f=0.25
400 : ! -e- =030
- i i e =035
3501 /7 i :
1 ! 4
€13 ) A D RSN, 9 —— B e
0 2 4 6 8 10 12 14 16
time /s
Fig. 10  Distribution of failure point on temperature curve
10
b
°
N ’ 5

031001-5

?71994-2018 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



(1]

(2]

[3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

. . [Jl. , 2016, 46(1): 435-477. (Song Hongwei, Huang Chenguang. Progress in
thermal-mechanical effects induced by laser. Adwvances in Mechanics, 2016, 46(1); 435-477)
, , . Lyl . 2013, 25(9): 2229-2234. (Huang Yihui.

Song Hongwei, Huang Chenguang. Numerical simulation of failure of target irradiated by high-power laser subjected to supersonic airflow.
High Power Laser and Particle Beams, 2013, 25(9) . 2229-2234)

, . 1064 nm ] . 2016, 31(6) ; 28-32. (Ding Yu, Cai Jun. Research on ther-
mal distribution of 1064 nm continuous wave laser irradiation aluminum. Electro-Optic Technology Application, 2016, 31(6) :28-32)

; , . - B . 2012, 41(6); 713-717. (Luo Jijun, Xu Jun, Hou Su
xia, et al. Thermal and dynamics damage in combustion chamber case under high power laser. Acta Photonica Sinica, 2012, 41(6); 713~
717)

, , . L1l , 1998, 10(1): 113-117. (Zhao Jianheng, Sun
Chengwei, Li Sizhong, et al. Fractographic analysis of aluminum cylindrical shells damaged by inner pressure and surface laser irradiation.
High Power Laser and Particle Beams, 1998, 10(1):113-117)

1. , 1996, 10(4); 262-268. (Zhao Jianheng, Zhang
Guanren, Liu Xufa. A numerical simulation to the deformation of an internally pressured cylinder tank under intensive laser irradiation. Chi-
nese Journal of High Pressure Physics, 1996, 10(4): 262-268)

, . . L1l , 2004, 24(6) ; 487-492. (Yan Yixia, Chen Yuze,
Chen Gang. et al. Numerical simulation on the failure of internally pressured cylindrical shell under laser irradiation. Explosion and Shock
Wawves, 2004, 24(6) . 487-492)

, , . [Jl. , 2010, 22(5): 991-995. ( Zhang Jialei, Tan
Fuli, Tong Yanjin. Numerical simulation of failure energy threshold of internally pressured cylindrical shell under laser irradiation. High
Power Laser and Particle Beams, 2010, 22(5):991-995)

s s . [Jl. , 2004, 16(8): 962-966. ( Huang Chenguang,
Chen Siying, Duan Zhuping. Similarity criterion about deformation and failure of pressurized cylinder subjected to laser irradiation. High
Power Laser and Particle Beams, 2004, 16(8):962-966)

[M]. : , 2012. (Li Qingyuan. Damage effects of vehicles irradiated by intense
lasers. Beijing: China Astronautic Publishing House, 2012)

Failure mechanism and parameter threshold analysis of the

internally pressurized cylinder shell under laser irradiation

Ma Te'?, Xing Xiaodong', Song Hongwei’, Huang Chenguang®
(1. Harbin Engineering University, Harbin 150001, China;
2. Key Laboratory for Mechanics in Fluid Solid Coupling Systems , Institute of Mechanics ,
Chinese Academy of Sciences. Beijing 100190, China)

Abstract;  Thermal-mechanical failure behavior of the internally pressurized cylinder shell under laser irradiation is investi-

gated by numerical approach. The dynamic bursting processes are simulated, and the obtained failure modes are validated by ex-

periment. Three typical failure modes are found and the corresponding parameter ranges are listed, and formation mechanisms of

each failure mode are discussed. The effect of thermal softening on the threshold of internal pressure at different laser spot sizes

and shell thicknesses are explored, and the relation between internal pressure and failure time is discussed. The results show that

the threshold of internal pressure decreases with the increasing laser spot size and the extent of thermal softening, and it is in line-

ar relationship with the shell thickness. At given laser parameters and shell parameters, the failure time declines in a quadratic

function of internal pressure. A method to predict the failure time of internally pressurized cylinder shell under laser irradiation

based on thermal softening factor is proposed and presented.

Key words: laser irradiation; thermal softening effect; pressurized cylindrical shell; failure mode; failure threshold

PACS: 42.62.-b; 42.62.Cf
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