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Fig.1 Original OM image of TA2 titanium alloy
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Fig.2 Principle and setup of metal cylindrical shell with external

explosion: (a) experimental principle; (b) charge assembly;

(c) profile of assembly parts; (d) testing arrangement
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Table 1 Experimental charging conditions

Ingredient Density/g €m™ D/ms* Pc,/GPa
RDX powder 0.86 5586 6~7
RDX column 1.48 7774 22

l i 1 ' * ’ a
b
Unbroken axial crack )

3 JRJE 6~7 GPa It i FAE
Fig.3 Characteristics of fragments under the detonation pressure of

6~7 GPa: (a) recovered fragments; (b) typical debris; (c) SEM

fracture morphology



* 4336

Mol @A RS TS

50 3%

Bl da Jytd R ) S AR o AT, TEARIRE T
WER A, L0 WAMREY LB 3R R
LAY B SR S 2R, SRR ] L SRR [A] R B 25 T 45
TR 4R /NS . P 4b ot P da RN RTHT A AR
Emﬁﬁ@moﬁEﬁW%ﬁ(BBﬁ)ﬂﬂ*%ﬁ%
R IRARHZR, i 4c, SHRLRSFIAF] 80 pm, BHEK
TR RHR UGS 505 R ) 20 um, SARERSRIER T
AR, R R 7 R SR A T B

KBNASHAE
P 5a NHESEIE /) 22 GPa B sRig Ui fr, K2R

W W O R R B D W A =, (RS BURE I I A
A, Wik, Wl 5b s, H HAER R Py R nT
T 52 2 ) R BT B0 A B T B TRk A, L) ER
/NT05 mme [N 1 56 BE 2 AT AE 2.5~4.5 mm
Z I8 B P BB EIT C EHE HE SEM TS ] 5¢
Fiw, FEEBARIPRE, vTWET T8 &EEE, B
1 HH 0 ik B ) R 4

K] 6a v 22 GPa I BRI Fr R I AR fr, T
W, WirhS &M 45BN, (B 6~7 GPa k&
YERIVER NAE, (23R R A0 — 4IRS U7

Shear fracture

B 4 R 6~7 GPa IR A Rk T A hE R H

Fig.4 Cross-section OM images of typical fragment under the detonation pressure of 6~7 GPa: (a) cross-section; (b) inner surface A in Fig.4a;

(c) near inner surface B in Fig.4a
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Fig.5 Characteristics of fragments under the detonation pressure of 22 GPa: (a) recovery of debris; (b) typical debris appearance; (c) SEM

fracture morphology
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Fig.6 OM images of fragment section under the detonation pressure of 22 GPa: (a) typical fragment; (b) distribution of multiple adiabatic shear

band near inner surfaces; (c) lath martensite
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Fig.7

Int—erisity'/c‘ps

ZEARBIVIH, RGUNLMETY) R R R, R
ORIV R AR I AL PR BT VIR TR B s R R 1B R
PRHAZUR A T R AR Ak, AT ILAE X oA 1 Rk 2H 21
G R YA BTN 5 AN
2.2 HEVEWSR
GEMALIEE . RSB FH 1R K5
mats B, RS R SR A AR SRR .
IR R P A . Tk gigk TA2 15 IRk 414,
— R R B AP HI TR, F AT L, 7R S
mE R IAER T, BT mpARgR, @RI 5]
TA2 HEFRHLFLE S oop A, M5, HTH
B E 3 T BRE A EAE K, KA poa Ty IRIEAHAR
XTE 6c TR IR ST RER TR (FIB) 43
1, B 7a 95 IREHARER FREG . 7T, )

300F P Element /% b
Ti 96.61
] Fe 3.01
200 Ni 0.32
Si 0.06
100
EONi [
0.[,'595{“[. Fenini
0 5 10 15
Energy/keV
Reil AT



» 4338 -

Mol @A RS TS

50 3%

% o ML ACAFAE D BARTRAZ I 58 B AR, IXAE R
R IR K. EDS fEIEEoRi1ZAL Fe. Ni & Si
5 (L 7o), BEBH HH T B e 0 RRAE i T 1) i 5
3 8] p MG R R B IR, X RTERRIER T
e, TA2ZHLRAET a—p B,

BE— D EERT R IRFE XRD 45 k47 %6 E 2 Hr
W 8. mIhL, MBIEFHLAR XRD Ek H T
«(0002)(1013). A(110)(111)451E W4 . Burgers™ ZERT 7t o
RIL, EMPFAEREF o 5 4 M AR LA LA
SEMIIRZE R (0001),//(110)5 (1120)//(111), JEFR
Z AR R B R b, R JE XRD B30 1 (0002)
(LOT3YRFAEUEAE, Sl 7RIS B PO AT K o 1 72 3
PR P I B S5 B B A R B AR AR A o T R T
AL REORARTE, R T R A SIS e AR R B
F, B S ERRBRIE AR DA I R IOk

3 SRS

TEBEIMEBREF, TA2 MR AL KA T H4s
fn e a—p AHAR, AT WM 4 R AR FE AMB IR — s
7 (~10% GPa) {1 I T AP RIRIGE F 22 JF] v AR 2R 9 1k A
o Win )RR . H RTA R AT A B
xR A AR XA e I IR KRS AR B . 7R EUE
o, — R RS R R R I SRR iR R
TOIIAK, T2 nSER B A, 3 B Ao RSl
THER AR TV S T 4 S A 58 A U W 2 B R0 B 5
BT, ARSI RAN R, N RERT SR R
EVERI AT o

RV, BEAdRNE R — AN o ik
BNEAEFASRE. e b, BEYRE A LTI
RS, —LemAe 2y, 1 po=1.8 glem’ i () B % 4 (RDX),
PR IIR ETTIA N 3575 K, po=1.0 glem® I 45 245 i i
4 2698 KM, RDX [FE 1S MR I & 5 Al ik 4215 K2,
EIRIRZ I A, RSB ER T, REa

50 pm

Inner surface

——After the explosion
Before the explosion
-a-Ti

(1013) - (111)

(1122) .

(202) %
ki

;

(2020)

Intensity/a.u.

30

K8 BIETTE R XRD i

Fig.8 XRD patterns of sample before and after explosion
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Fig.9 Local melting occurred on inner surface of the specimen: (a) melting on inner surface; (b) ultrafine equiaxed a-grains of melted structure;

(c) EDS spectrum of melted microstructure
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Fig.10 Model of SPH numerical simulation

K, C, WL, p AMEMEEE, x4 Taylor-Quinney &
, xHL0.9, 6 RMBIFLI], & RFEBIBIERASZ, kL
f#] Johnson-Cook #5784 4§ 1, 2% 2%, RDX ¥ 24 % HL JWL
[ s e DR A 7 R A D S 80U 399,

Bl 11 4 TA2 KE524E C-J JE /124 26 Pa [f) RDX EZ
TERIF s PRI B A 52 BE JE (1) S5 RO R AR
T FE Ay AT o BT WL AT b R A A AR AT Ik
65%, VLR FEAERETIEE] 620 K, AT
%300 ‘CLA L, BEEHEKEL LR, @At sdk
SRR, JF Him ARt R AR AR T AL . 5% &
T o BR1E 882 CHREKA a—p FIRFMIFAL . KL, 1£
b i e R R SR RIE R SR 0 B T e I
P AILF] TA2 2R a—p AR E .

—UeR P XR Y KA SRR R R AR

T, S RMASEE RS, AT a—p BHAEMEI G KA .

N\

% 2 Johnson-Cook ¥ 5 A5 H#E

Table 2 Values of Johnson-Cook constitutive parameters of TA2 cylindrical shells?Y

Parameter A/MPa B/MPa n m c Trmen/K Troom/K Cyld (kg K)*
Value 460 920 0.72 0.8 0.034 1933 299 540
R"3 EHIWL A EBXSH
Table 3 Related parameters of dynamite by JWL constitutive equation®?
Parameter A/GPa B/GPa o R, R,  EoG{Jm)® Vo P/GPa plkg m? D/m s™
RDX 570.2 6.13 0.38 4.45 1 8.2 1 26 1634 7840
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Fig.11 Equivalent plastic strain and adiabatic temperature distribution

along thickness
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Multiple Adiabatic Shear Fragmentation and Microstructure Evolution of
Explosive-Driven TA2 Pure Titanium Cylinders

Pang Zhen"?, Dong Xinlong"?, Wu Wencang', Fu Yinggian'?, Wu Sisi’
(1. Key Laboratory of Impact and Safety Engineering, Ministry of Education, Ningbo University, Ningbo 315211, China)
(2. Faculty of Mechanical Engineering and Mechanics, Ningbo University, Ningbo 315211, China)

Abstract: The fragmentation experiments of TA2 industrial pure titanium cylindrical under different explosion pressures were carried out.
Through the analysis of macroscopic microscopic and fracture for the recovered fragments, the fracture mode and mechanism of explosively
fragmentation of TA2 metal were discussed. The results show that though the fracture modes of TA2 cylinder are all shear fracture in
explosive-driven cylinders expansion tests, the failure mechanism of shear mode is different for tests under different explosion pressures. It is
observed that the shear failure is caused by the evolution of micro-voids in tests under relatively low pressure but controlled by multiple adiabatic
shear under the higher explosion pressure. The microscopic metallography shows that the dynamic phase transition of a—/ may occur during the
high-speed deformation of the TA2. It is shown that the microstructure of the inner surface is converted to lath martensitic with a specific
orientation and the grain size is apparently larger than the as-received grain size. Thus, it is necessary to consider the influence of the dynamic
phase transition of material under the action of the shock waves when analyzing the fracture characteristics and mechanism of external explosive
experiments. This work can provide a significant reference to the analysis of multiple failure modes of cylinders under external explosion loading
conditions.

Key words: TA2 titanium; fragmentation; fracture mode; dynamic phase transition
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