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Abstract: Studying the microstructure evolution of metals subject to shock waves is significant for understanding the
structural deformation and failure mechanism of such a pipe under a very high rate of loading. The microstructure evolution
and phase transformation characteristics of the material under the action of shock wave are discussed through the microscopic
analysis of the cross-section of explosive recovered fragments of 20 steel cylindrical shell driven by explosive expansion. The
finite element method (FEM) also was used to simulate the explosion experiment of 20 steel cylindrical shell under the
condition of PETN charge and to analyze the cylindrical shell’s thermodynamic characteristics during the expansion fracture
process. The results show that the a-grans near the cylinder’s inner surface contain numerous slip lines, distributed in parallel.
The FEM simulation indicates that these regions meet the a—e phase transition thermo-dynamic condition. Furthermore,
electron back scattered diffraction (EBSD) analysis of the microstructure of the regions with parallel slips line demonstrates the

formation of a strongly fragmented. And there are {332} <<113> twins and {112}<<111> twins. At the same time, the
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& phase structure of the hexagonal close-packed lattice (HCP) exists in the fragmented structure area of the parallel slip line.
However, there was no residual & phase structure in the original structure of the sample and the area except for the sample wall
thickness (inner 0—3.0 mm) after the explosion. Analysis deems in which the @—&—a transformation occurred. The change of
material properties caused by phase transformation may affect the cylindrical shell's internal stress and strain state and the
fracture process. Considering the impact of the dynamic phase transition of metal materials on the deformation and failure of
structures under shock waves, it is significant to accurately simulate the deformation and failure of such cylindrical shells, and
it is necessary to further study the influence of phase transformation.

Keywords: 20 steel cylinder; explosively expanding; microscopic analysis; phase transformation
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Fig. 1 Original organization for 20 steel
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Fig. 3 Principle and setup of metal cylinder driven by explosive expanding

12 XWdFE

S KB SR MU AR ST B T AR 0y, A R LA R | MUK AE 2 2 HOM R, X A W 2 1
A HEAT R R, SR, X [ A 4R T AT SR A R A3 AT, R R 5 B R T A M O U | K R
FRAE: SRR FR B0 4% 10l R T RS 75 O MDUORE S AT I 1l IS, FH VHX-1000 2% o iR E 47 4 A
LIS EBSD K i SR H i ' ) 4, Pl ik R FH e PR 5 DK S PR AR R LE R 1 = 19 AR, FRLR
55V, & H SUS5000 #4137 & A4 BSR4 T 40 B, Inask Fa A 70 kv iaRE I SRS FE 7F HVS1000A-X YT 4
FCRE B 1 b 58 ik, a8l S N

013105-3



%43 % UL, S5 AR T 20 A FE AR TE BT AR %1

2 HEAFEMHERERS T

FESEEKE I K o AR 2 o o e 7R P L AIMBE 22 1)K TR A% 4%, A 5 BE JRE 28 D7 A () B4 ) S AT I o, R
BERNE L. KA BRIC 7 35 % S 56 AT 7 M K ol B2 v A 52 A 0 R g L SRR T R e SR T EA T AR
i
2.1 HRTEE

K FH ABAQUS/Explicit A BRICX 20 FAE5¢ N TR ZERE 251 00 T AR i i ok 2 AT BUE AL, H
T — i A R 11 4 i A e e I U SR ) il i R U 1) O T A — A R, DR A 5 T A S T AR
BRSSP E A BT A BT, A T 3 T R

20 WK H Griineison AR 7 FE I 78 je s8 M 1 AR s Ak | 1 AR 220 Ak S AR AL 3500 1Y Johnson-Cook A<
#9757 # . Johnson-Cook A<H4 J5 #2471 A

&,
o, = (A+Bzg) {1+Cln (é—”(l—T*"’) (1)

P
0

3

Kh: o, WEERBYER J); 8, M AFROBYHERN AR ; & WNARR; 60 WS H N AR, T'=(T-T)(T,~T,), Hh T H
POBHREE, T RIRRIREE, T, MM EHE 55 n A0 AR AL T8 50, m AL IEEL, A, B. C A TEENSEL .
ALY 20 B9 A9 4 BUR TFEN
7=t @
PCp
K e, WAEHE R HRE, p WATEHEE, x i Taylor-Quinney AL, y(HI 0.9, TR G R
AR, A SELFE 1,

F1 20 WEHEAMSH

Table 1 Constitutive parameters of 20 steel cylindrical shells!
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