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Table 1 Parameters obtained from traditional calculation

Parameter A B n C m
Value 1257 4039 1.1225 0.00416 0.7412
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Fig.4 Simulation verification diagram of traditional calculation

results
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Table 2 Parameters obtained from CGO

Parameter A B n C m
Value 1101 621 1.2029 0.0124 0.6027
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Fig.5 Simulation verification diagram of CGO
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Table 3 Size and its stress triaxiality (R,) of notch sample

R/mm d/mm D/mm L/mm R,

Smooth 5 5 30 0.333
3 6 12 34 0.739
6 6 12 34 0.556
9 6 12 34 0.487
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Fig.7 Drawing of dynamic stretch sample
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Fig.8 Diagram of sample for failure equation (from left to right

are high temperature test smooth tensile sample, different

notch size tensile samples and dynamic tensile sample)

& =In(4/ 4)=In(nd; /nd; ) =2In(d, /d,) (8)
A, Ao REAUR B DR IRIRY, A ¢ A2 W75 e 11 A 1
BRI, dy YR O /N E AR, de 9 D A

H T AR R T 1 AR AN, O T R IE Rk
A P 0 5 S, 06T T A 7 R 1 0T A ] — A SR
BB T (mm), B AN R L 9.
A 30(8) 5 — 4k SR WA B &, 3845 LK 4.

FE S M HE A AT, AN 8N AR 2 530 ) 5
m, () n a4k A :(9):

Bl O =i Sy b A R B 1 B AR
Fig.9 Fracture diameter of tensile specimen by three-

dimensional depth of field measurement

R4 BOREEYEET

& =D +D, exp(D3O'*) 9)

U, Dy RIRARA P AL 58 1 4 SR GUIN ) I (R AR
ANBE T I WL ERF: it o il 2 FLARRA, AR 3 K&
R 4 PR RN X D)y Dy Dy 1 /N —IRILHEAT
LG, MEE R INE 10, ditkn G2
D,=0.9985. D,=-0.00147. D;=7.722,

HAMZH AL W BARE, BT =R
oA AR e g st M i A B 0 B AR AN A, BT A Dy
5 DsIE T AR Se I G Dy, 52X R
VAR HE AT TAL BT, EHL S N 0.001 57,
R WA S,

T C4WAF Div Doy Dy HIME, FTUAESH L
N SRR A

[DI + D, exp (D3O'* )}

HIR(0) i &, FEA B BEEIRTSE T, MR
RN AR RO R TC R, Dy BN RER,
Pridgi &K (10) 5% 3~% 5, W{3: D,~=-0.03196.

FIFE, %1 Dy Dy Dy IRfH, 784 18N A2 A
SRR R, BT TR 1K) 28T R A R
K (11):

-1+ D,T" (10)

1.0} . b

Fitting curve

09r

0.8} Equation: y=4-Bexp(c*x)
Adj. R-Square: 0.99965
Value Standard error
0.7F 09985 1) 0.00589
0.00147(D>) 3.76033 X 10

&

7.722 (D3) __ 0.32604
o6r —
0‘5 1 1 1 1

0.3 0.4 0.5 0.6 0.7 0.8

o*

Kl 10 RHZSH D\ Dy. DsA TR K
Fig.10 Schematic diagram of fitting method for failure

parameters of Dy, D, Ds

F5 TR RMEMRERNTHEMLELER
Table 5 Preprocessing results of failure strain data of

samples with different strain rates

Table 4 Failure strain of notched specimen &/s7! Iné P eileo
dg/mm R, &f 0.001 0 0.9781 1
0 (smooth) 0.333 0.9781 400 12.8992 0.7076 0.72345
3 0.739 0.5563 600 13.3047 0.5555 0.56794
6 0.556 0.8884 800 13.5924 0.5059 0.51723
9 0.487 0.9379 1000 13.8155 0.4752 0.48584
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Table 6 Pretreatment results of failure strain of samples at

different temperatures

Temperature/K T* &r &f/€o
298 0 0.9781 1
623 0.0464 1.4973 1.5308
723 0.1393 1.7949 1.8351
823 0.2321 4.9208 5.0309
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—— Fitting curve
091
0.8
= .
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Adj. R-Square: 0.83834
Dy value _Standard error
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Fig.11 Schematic diagram of fitting method for failure

parameter Dy
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Ds value _ Standard error
14.2720 2.86946
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Fig.12 Schematic diagram of fitting method for failure
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Table 7 Parameters obtained from CGO
A B n C m D, D, D; Dy Ds
1101 621 1.2029 0.0124 0.6027 0.9985 0.00147 7.722 0.03196 14.2720
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Table 8 Gunshot test results

No. Thickness/mm Target speed/m-s

1 Simulated penetration Penetration depth/

Convex simulation Convex experiment

depth/mm mm value/mm value/mm
1 21.26 760 17.69 17.5 1.11 1.07
2 21.26 809 20.07 20.2 1.81 1.80

R BETMAMBHFERESH

Table 9 Mechanical model parameters of some materials of missile target

Basic parameter

Strength model parameter

Material =, kgm™ v E/GPa  A/GPa  B/GPa n c m TeK TK a5
Target board 4450 033 112 1101 0621 1200 00124 06027 1853 295 1.0
Armor plate 7850 031 210 0.792 0.51 0.326 0014 103 1811 295 5X10*

ooy @=1.11 mm
*

h=17.50 mm |

t=21.26 mm

K13 R il B A 4 2R
Fig.13 Numerical simulation results of gunshot test at target touching speed of 760 m/s: (a) three-dimensional diagram of equivalent

plastic strain; (b) two-dimensional diagram of bullet holes morphology
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Fig.14 Morphology and microstructures of shell: (a) bullet hole; (b) crack and shear zone; (c) shear zone
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High-Precision Analysis of J-C Dynamic Constitutive Parameters of Ti Alloy and Its
Ballistic Performance

ao Fang °, Zhao Pingluo °, Mao Youchuan °, Zhang Fan", Cheng Haisheng’, Du Yuxuan’, Wang Kaixuan’,
Hao Fang'”, Zhao Pingluo *>, Mao Youchuan'?, Zhang Fan®*, Cheng Haisheng’, Du Yi ’, Wang K }
Liu Xianghong®, Feng Yong'”
(1. Northwestern Polytechnical University, Xi’an 710012, China)
(2. School of Materials Science and Engineering, Beijing Institute of Technology, Beijing 100083, China)
(3. Western Superconducting Technologies Co., Ltd, Xi’an 710018, China)
(4. School of Civil Engineering and Architecture, Xi’an University of Technology, Xi’an 710048, China)

Abstract: Using the software “J-C constitutive parameter and damage model parameter measurement system of materials”, J-C dynamic
constitutive parameters of a near o Ti alloy was obtained by clustering global optimization (CGO) method, which avoids the large amount
of calculation and complexity of traditional measurement methods and shortcoming of not being able to capture parameter relevance.
Through the anti-elasticity test of the titanium alloy target plate, using the J-C constitutive parameters, the commercial dynamics
calculation software AUTODYN was used to complete the simulation of the shooting test. The simulation results are in good agreement
with the test data, which verifies accuracy and precision of the J-C dynamic parameters. Bullet hole microstructure analysis show that
adiabatic shear bands can be observed at the ends of the cracks, which proves that the initiation of cracks is caused by adiabatic shear
bands, indicating that the failure mode under the high-speed impact dynamic environment is mainly adiabatic shear.

Key words: Ti alloy; CGO; J-C constitutive equation; ballistic performance
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