W40 % 46 wmOE 5 W & Vol. 40, No. 6
2020 4 6 EXPLOSION AND SHOCK WAVES Jun., 2020

DOI: 10.11883/bzycj-2019-0340

BIE TR R TR AR HIERITERE

X2 KEX 47 LR W, KRR
(1. VYR B AR ST Be o 3h 38 5 2000 S22, B4 U4 710024;
2. JUIHE T RAFIBRMERI . S AR E R HE ST, bt 100081)

FHEE: R IT T T X R 3h B Ry 75 K B G A ) 24T O ik, 1 22 B KE N 3R R A e s IR L
i1 I8 A5 R AR 2 25 ) JE 01 20 A (AL . B % Timoshenko %2 1) 25 it BHIE , 35 T 1 4 180 {15 o 1 58 1 42 2 /N 1 25 i A
TE BB, e S BR 7S 1 il e anle RO ) DR R TE 545 30 o5 A ot U R g R 0 A 3R I 0 ot R 1 D T, 3
G RIS 4 0 SRR T 43 A RS A i B b R A OGRS AR B T e AR I A A A i R . AR R (D)
WIS 45 R 5 HUE T B A5 R FEAW) A, b il ol I 3 1T 5 45 B 5 SO B4 AN 22 7E 15% DLW, SEARARTE 25 1) 43
A3 JE TR 2 R 5 B 0 B4 SR 25 7 12% DA (2) 25 dpk e K Ak, e A P, 224 0 K T PR e e, g o T R R
{H, 2975 H09 0.574 15 o AN TRy N g 0 =000 B O ik 4R A T — 2 B9 SR AR AR o

KRR MR AR RO Al ks 2 IR A A

hEZES: 0383 EfRZRME: 1303520 XERFRERS: A

A theoretical method for calculating spatial periodic distribution of
deformation of a spherical shell under explosive loading

LIU Wenxiang'?, ZHANG Dezhi', ZHONG Fangping', CHENG Shuai', ZHANG Qingming’
(1. Laboratory of Intense Dynamic Loading and Effect, Northwest Institute of Nuclear Technology,
Xi’an 710024, Shaanxi, China,
2. State Key Laboratory of Explosion Science and Technology, Beijing Institute of Technology, Beijing 100000, China)

Abstract: The strain growth, caused by vibration superposition, has been anatomized by the membrane strain and the bending
strain in existing studies, and the bending wave and deformation spatial periodic distribution of a spherical shell under
explosive loading have been found. By referring to the theoretical method for Timoshenko beam bending, based on a plane-
section assumption and a small-deformation limit, the relation between the velocity and the wavelength of bending wave was
deduced, and the velocities of the shortest bending wave and the bending wave with a frequency similar to that of the
membrane vibration were calculated. By combining the relation between the deformation spatial distribution period and the
bending wave velocity presented in existing studies, the deformation spatial distribution period was calculated. The main
conclusions are as follows: (1) The theoretical results are in good agreement with the numerical results, in which the difference
between the numerical and theoretical results of bending wave velocity is within 15%, and the difference between the
numerical and theoretical results of the deformation spatial distribution period is within 12%. (2) The shorter the wavelength,
the higher the wave velocity, when the wavelength is infinite short, the bending wave velocity tends to the limit value, about
0.574 times the speed of sound. The theoretical method presented in this paper provides a certain theoretical support for
anatomizing strain growth.
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Fig. 1 The numerical model for the spherical shell
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Fig. 2 Total strain-time curves of spherical shell
at the pole opposite to the site of perturbation
when the disturbance source radius is 10 mm
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Fig. 3 Deformation mechanism of thin shell
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Table 1 Velocities of bending waves propagating along shell.

) SRR 1 A oA hi
O F| IR A]/us S/ (mes ™) F| KA A /us PP (mes™)
442 436.3 427.1 63.4 2964.8
88.0 909.7 427.1 131.6 3069.1
136.0 1436.6 443.4 203.8 3188.7
180.0 1894.7 267.5
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Fig. 6 Schematic diagram of spherical shell bending deformation
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Fig. 7 Relation between length and velocity of bending wave
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