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Fig.3 Void volume fraction of uniaxial tension specimens with different strains: (a) £=0.1; (b) €=0.2; (c) ¢=0.3; (d) £=0.35
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Table 1 Damage-free elastoplastic behavior parameters of

pure lead
E/MPa v 0o K n
14000 0.4 3.89276  28.97183  0.63738
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Table 2  Selection of high and low levels of damage
parameters
Level q1 N &N Je
1 2.7 0.012 0.21 0.0044
0 2.5 0.011 0.2 0.0042
-1 23 0.010 0.19 0.0040
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Table 3 Test design scheme of finite element simulation
Factor level Response value
Case No.
en N Je 9 R, Ry R; Ry Rs
1 0.19 0.010  0.0042 25 10.3454 180.864 14.0355 177.882 15.5555
2 0.21 0.011 0.0042 23 10.8945 181.008 14.7918 176.467 15.8834
3 0.20 0.012  0.0042 23 10.6936 180.755 14.3183 175.000 15.5183
4 0.21 0.011 0.0042 2.7 10.8835 182.229 14.0234 178.392 15.3412
5 0.20 0.010  0.0042 2.7 10.6788 181.381 14.3912 178.917 159131
6 0.20 0.011 0.0040 23 10.5822 180.534 13.7013 176.099 15.0462
7 0.20 0.011 0.0044 23 10.5821 180.790 14.2795 177.420 15.5537
8 0.20 0.012  0.0042 2.7 10.3710 178.888 13.6313 176.055 14.9752
9 0.21 0.011 0.0040 25 10.6532 181.305 13.9993 177.527 15.4382
10 0.20 0.010  0.0044 25 10.8924 181.531 14.7476 178.018 16.0876
11 0.19 0.011 0.0042 23 10.2261 179.380 13.9070 176.282 15.267
12 0.21 0.011 0.0044 2.5 10.8994 181.627 14.2373 178.135 15.7561
13 0.20 0.01 0.0042 23 10.8426 180.444 15.1506 177.419 16.0000
14 0.19 0.011 0.0042 2.7 10.3182 178.123 13.8768 175.590 15.3168
15 0.19 0.012  0.0042 25 10.7003 177.659 14.1661 174.439 15.5261
16 0.20 0.012  0.0040 25 10.9511 180.095 13.0002 176.309 14.2033
17 0.20 0.011 0.0044 2.7 10.2906 181.108 14.2986 176.654 15.5786
18 0.20 0.011 0.0042 25 10.8268 181.194 14.2750 177.965 15.483
19 0.20 0.011 0.0042 25 10.8268 181.194 14.2750 177.965 15.483
20 0.19 0.011 0.0044 25 10.0985 179.404 13.9720 176.572 15.5000
21 0.20 0.011 0.0042 25 10.8268 181.194 14.2750 177.965 15.4830
22 0.19 0.011 0.0040 2.5 10.3300 178.677 13.5236 176.161 14.9627
23 0.20 0.012  0.0044 2.5 10.01903 178.816 14.3063 176.255 15.9263
24 0.21 0.010  0.0042 2.5 11.3073 181.529 15.1247 177.582 16.3247
25 0.21 0.012  0.0042 2.5 10.9085 180.760 13.8848 178.429 15.1597
26 0.20 0.011 0.0040 2.7 10.6936 180.755 13.9000 176.666 15.2054
27 0.20 0.010  0.0040 2.5 10.6462 181.236 14.3502 177.581 15.7899
R4 AR T oy M 5 OHHY GTN AR DAY 24
Table 4 Analysis of variance of model Table 5 GTN damage parameters of lead
Parameter RZ(R-sq) Parameter Value
R, 92.02% ¢ 2.64
R, 94.33% o 1
R 0.001 90.06% a 6.97
Ry 93.01% S 0.1
Rs 92.07% % 0
eN 0.21
it 3 73 Sl Xk AP S 6 SR AT ) BT —hL A i 2
AP ILIR A MO RS A (U, B0 T 2% A -
EE GTN BUMERPERAT: IR A IR E Y ? 0'000‘1‘32
F .

B AR, DA AT & R I R AR AT 9 .
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Fig. 6 Comparison of load—displacement curves between

simulation result and test result
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Fig. 7 Comparisons between simulation and experimental

results of void volume fraction for Lead
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Fig. 8 Simulation results of void volume fraction in backward
extrusion: (a) Punch stroke of 1.5 mm; (b) Punch stroke of

3 mm; (c) Punch stroke of 12 mm; (d) Punch stroke of 14.1 mm
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Fig. 9 Simulation results of void volume fraction in lead
sleeve during thinning and deep drawing: (a) Punch stroke of 3
mm; (b) Punch stroke of 7.5 mm; (c) Punch stroke of 10.5 mm;
(d) Punch stroke of 15 mm
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Fig.10 Comparison between simulation and test results for
formation of lead sleeve: (a) Stress distribution for backward
extrusion; (b) Test result for backward extrusion; (c) Stress
distribution for thinning and deep drawing; (d) Test result for

thinning and deep drawing
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Fracture prediction of lead sleeve based on
mesoscopic damage mechanics

XU Wu-jiao, XIE Dan, LI Fang, GAO Yuan-peng

(Chonggqing University, College of Materials Science and Engineering, Chongqing 400044, China)

Abstract: The fracture prediction in the forming process of bullet lead sleeve was studied. The true stress—strain data of
pure lead were obtained by uniaxial tensile test, in which the strain range of 0.006<<¢<<0.2 was selected for fitting and
extrapolating to obtain the damage free constitutive relationship. The parameters of the GTN micro-damage model of
pure lead were acquired by means of scanning electron microscopy analysis and inverse finite element simulation based
on response surface method. The load displacement curve and void volume fraction of lead material obtained by
simulation and experiment in uniaxial tension were compared and analyzed, which verified the accuracy of the
parameters in the GTN model of pure lead. Based on ABAQUS simulation platform, coupled with the GTN damage
model, the fracture behavior of lead sleeve during forming process was simulated and predicted. The experiments of back
extrusion and thinning deep drawing for lead sleeve were carried out. The results show that the experimental results
match well with the simulation results based on GTN damage model. The accurate prediction of forming defects of lead
sleeve is an important basis for forming optimization.

Key words: formation of lead sleeve; GTN micro-damage model; response surface method; scanning electron

microscope; fracture prediction
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