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Fig. 1 The basic idea for fidelity analysis
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Table 1 Geometrical sizes of the four cylindrical shells
No. d/(mm) 1/ (mm) A/ (mm) No. d/(mm) I/ (mm) R/ (mm)
1 300 300 4.5 3 500 500 7.5
2 400 400 6.0 4 600 600 9.0
Elements Elements
U U
Pres-norm

Pres-norm

(a) Geometrical model

(b) Uniform load element

(c¢) Load element of single explosive rod
B A 52 1SS AL (LA 2400 mm 5 4 5% K 4]
Fig. 2 The computational model of cylindrical shells (Taking example for 400 mm)
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Fig. 3 Typical computational curves under normal (ideal) conditions (For 400 mm)
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Fig. 4 Ae under normal (ideal) conditions
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Fig. 5 Fidelity analysis in case 1-2 explosive rods fail
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Fig. 6 Fidelity analysis considering the distribution error of explosive rods



716 = JiS 7] B 2% i 821 %

F P 6 Ca) TT DL 25 K 24 2% 7 8 58 2% 1) e 2% 0T A 43 15 0 1 S 94 K L (ELR J 1 5 Ca) AT 5 ()
R 2 SR JR R S W . BT R Aen/r CFR AN 6 (b) TR X AR AL R IR I AL AE n/r =
55 m "I, Aef 45 LR AT T HE A 220 Y03 [ BERE 25 SRS 0 20 A B B (n/r=45 m™ DB K,

H T AT 0 B B R <7 T LUK 25 2 i

Initiator Initiating rod

i%%ﬁ%*@ﬂ@ﬁj%?ﬁ”ﬁi%xﬁﬁﬂ‘],/D\E}{%%i’lﬁ /Initiatingrod()" Z

24 55 IO AL B 15 25 1 A A — 3 L P, HE AR SR 9 52 i) =

TR B0 IR 2 AT DL z = \Z/
3.4 EES|IBEHNENENHE y

TE R T JLAT R S50 A7 KR 25 2% [R] i 4 . R 2%
JEGIRE I 22 . F 90 B AR S BRI P, — R B
A A Ty 2K AT () A g S B S B RY . An AT 7 P

T — T 5 R T OF B O° R 2R A — i ~—
KPR Xk it AR A 2 ) L ART DG A&, I A] 58 o B 7 KE25 20 B0 00 1 0 5| R 2
%%I%%%E‘J&&Fo U%% l j"jWﬂvﬁ%l%%% Fig. 7 Typical initiation setup of tests
KR LLFRR N
L= /G+d—rcos0)*+ (rsin@)* +h*, i=0,4+1,,+n—1)/2 (5)

o A AT A 2 A K 25 5 AR 4 0 A B R e 2% . AR A B AR R S L B d =400 mm,
h=200 mm, % & 7 km/s (R EAT 00T . 15 5045 0 280 2 2% 09 2 48 I 22 ), TE @ % & ik 72 o AR
K 245 2% FIT XoF Jo7 A 00 34 i 160 A bR S 8% o B AT 35 45 2% 18 2 B4 B0 %) 465 4 T 7

84 T AR A AR Ac Y R ML, iR 8 Ca) AT L, 7E BT % S8 0 SRR AR S T L A [
A Ae IR /N, AL BN 8(b) TR B Ae-n/r K F AT LI BX A S LIRSS A R, 76 n/r=
55 m B, ATARAR [ Ae| <20 %

1.8 PSS L S S S B 1.8 T ‘ w w
i | Simultaneously: =~ Nonsimultaneously: Sim‘ultaneously: Nonsimultaneously’|
o @300 mm = F300 mm o @300 mm = #300 mm
LA » @400 mm —+ @400 mm | LAf—— &+ @400 mm  + @400 mm
v o F500 mm s F500 mm ¢ © F500 mm ¢ J500 mm |
Lol © S600mm  —e 600 mm 10 ° @600 mm e @600 mm
1S e i 1S 3
0.6/ 0.6 —
* | *a
S \ M [
X Y % .
02«3t —e—v 0.2 2t e ie
N S G i e i e = THEL s nsle, o],
e i { el o T i ENEIEREN
—02 ‘ i B —02 LR «
5 9 13 17 21 25 29 0 20 40 60 80 100 120 140
Number of rods 7 n/r/(m™)
(a) Variation of Ae with » and » (b) Variation of Ae with n/r
B8 2 R ML A 5 g I 22 114 S5 20
Fig. 8 Fidelity analysis considering the typical nonsimultaneous initiations
LS
4 & it

TE SCHRL2 A8 0 A ) S Al ) e 2 28 ik, 60 K 24 2% i 48 B A e A9 X 8 1R A 1 R i B S fED K
B BAT T A Bl T BT T VRS R A LA W 5 I 308 3 A SRR AR B A 5 A 0 X 6 A 0L Y 2 K
PEHEAT T R GE T AT IE , 34 T B 4w AR Z) AR IR A B LUT 24518

(1) 3 2o % AN [7) B A2 [ R 72 7E A [ 500 K 25 26 I 48 A B0 56, 3R AT 17 38 07 728 22 53 Ae i 72 ¢
B FKEZS 580 n R EE R IERILT n/r XM AW FERIMERT . n/r BT W00 00 9 3 28 S, B R B



55 5 655 A AE K2 S A AL ST A BE AL D < X X 58 27 R50RE A A58 400 48 A 1 43 717

TP AR, BEE RE  n/r=45 m "I, SFE AR 25 S A Al AR FRAE £ 20 % L.

(2) X EHE 2 S MR IR A T R W AR —JE 2 IR BB DL T o n/r=60 m B, | Ae [ <<20 %05 7E4T:
P S M 25 2B I o/ r=90 m AT | Ae | <<20 %0, S8R L M 2 2R UM o A 400 S5 Ak B AT B S S

(3) R JUBEHLFFE 5wk o0 1 B M AU B AIL 23 A 09 KE 24 2% o7 1 152 22 X B 400 S5 300k 52 il . 45
T, M 25 2% 7 B 158 2 XoF S5 AL MR L (R S IR R K, 24 /v =55 m TIEL AT AR | Ae [ <<20 %

(4) B AR IR IR A L X KR 25 S5 SRR R 2D B DL EAT 1 A0 T . SRR W IR [R] 25 0 A KPR
HISEMRE/N . 2Y n/r=55 m "I, AR | Ae | <<20 %,

T3Hh ARG B XF 4 BhESA AT T 8 YA FRIT oA, 20 e % S ik AT T 800 B A0 B BUE
R, BT ] AT 2 a8k iR R B G B AR A T T X R A T R TR S A
W o ARG ST B R FH PR SR T B S 0 1 A R T T T L L

References:

[1] Mao Y J.Li Y L,Chen Y,et al. Numerical simulation of loading cylindrical shell by explosive rods ¢ | ) : Fluid-
structure interaction simulation [J]. Chinese Journal of High Pressure Physics,2012,26(2):155-162. ( in Chinese)
EFE.EE R LS E MR BT W BUERC DD R E A 1], m R R, 2012,26(2) .
155-162.

[2] Mao Y J,Li Y L,Chen Y,et al. Numerical simulation of loading cylindrical shell by explosive rods (I) : Decoupling analysis
and experimental validation [J]. Chinese Journal of High Pressure Physics,2013,27(1) :76-82. ( in Chinese)

EFEA, Xk, RO S EL MR AR BER D BT SRR [T SRR,
2013,27(1) :76-82.

[3] Rivera W G,Benham R A.Duggins B D.et al. Explosive technique for impulse loading of space structures, SAND-
99-3175C [R]. Albuquerque, NM, USA ; Sandia National Laboratories,1999.

[4] He M H,LiuD C,Nie J X. Transient dynamic response analysis of a thin-walled conical shell [J]. Journal of Vibra-
tion and Shock,2006,25(6) :157-161. (in Chinese)

A B S A5 1 3 S L. TBR 4 9 o A R A Bl Jy ma R A BT [T, 4R 3 5 it . 2006, 25(6) :157-161.

[5] Cai C Z,Chen H. Dynamic response analysis of conical shell under high impulse load [J]. Missiles and Space Vehi-
cles,2007(4) :52-53. (in Chinese)

Bl B W BUHE T TR TR DK oh AR AR R B Sl B2 2 A [T, S 35 R B AR, 2007 (4) :52-53.

[6] Deng H J,Xiao H W,He R J. Structural response of cylindrical shells subjected to external impulsive loads applied
with slice explosive [C]//Proceedings of the 8th National Conference of Explosion Mechanics. Ji' an, 2007 : 206-
212. (in Chinese)

R UL o 1 A AT R KB 2R NN R SE AR S R BB Y [C/ /58 VUM & BB KE ) R S BUR SC .
%,2007:206-212.

[7] Mao Y J,Li Y L,Deng H J,et al. A quick method for analyzing dynamic responses of axisymmetric structures un-
der lateral impulsive loadings [J]. Chinese Journal of Computational Mechanics,2010,27(3) :563-568. (in Chinese)
B A e AR UL A SR SR 0 R 5 AL O 1) e o o 10 1) — R PR EURE [T, A 5440, 2010, 27(3) :563-568.

[8] Mao Y J.Li Y L.Huang H J.et al. A quick method for solving responses of axisymmetric structures subjected to
loads of rotational similarity: Rotation-superposition method and its application [J]. Chinese Journal of Solid Me-
chanics,2011,32(3) :306-312. (in Chinese)

EEAL AR e BE A E R AL T b X Bk 45 g S o 7 g bR R B0 0 e s vk B A [T . A
H224R,2011,32(3) :306-312.

[9] Mao Y J,Li Y L,Huang H J. A simplified method for distribution design of explosive rods to simulate cosine-dis-
tributed impulse on cylindrical/conical shell [J]. Advanced Materials Research,2010,108-111:1039-1042.

[10] Benham R A,Bickes R W, Grubelich M C,et al. LDRD summary report. Part 1:Initiation studies of thin film ex-
plosvies used for scabbling concrete. Part 2:Investigation of spray techniques for use in explosive scabbling of con-

crete, SAND-96-2470 « UC-742 [R]. Albuquerque,NM, USA ; Sandia National Labs,1996.



718 Yy B i 82T %

Iy
=i
4k

Numerical Simulation of Loading Cylindrical Shell by Explosive Rods ([ ) :
Fidelity for Simulating X-Ray Mechanical Effects

MAO Yong-Jian',LI Yu-Long”? ,CHEN Ying',
HUANG Han-Jun', WANG Jun-Ping'

(1. Institute o f Systems Engineering ,China Academy of Engineering Physics ,
Mianyang 621900,China;
2. School o f Aeronautics s Northwestern Polytechnical University s Xi'an 710072,China)

Abstract: According to the prior uncoupling analysis and utilizing the Rotation-Superposition Method,
a large number of numerical experiments for loading cylindrical shells by explosive rods were per-
formed. The average strain difference at three typical locations was defined as the index for evaluating
the test simulation fidelity. It was found that the index mainly relies on the ratio of the rods number to
the shell radius,i. e. n/r. The relations between the average strain difference and n/r under four condi-
tions,i. e. the normal (ideal) condition, considering incomplete initiations, explosive rod distribution
error and non-simultaneous initiations, were obtained. The investigation provides guidelines for the
test design and results evaluation.

Key words: X-ray;cylindrical shell;explosive rod;structural response;rotation-superposition method; fidelity
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