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Optimum design of die profile based on mixed wear model

XU Wujiao, LIU Chengshang, MA Xin, GUO Zigian, CHEN Fei
(College of Material Science and Engineering, Chongqing University, Chongqing 400044, China)

Abstract: Aiming at solving problems of great wearing and low life of mold, the optimum design of die profile based on
mixed wear models was used. As an example, the mandrel of wheel hub in forging process was studied, and the contour
of mandrel was analyzed in order to select three parameters to optimize. Combined with three basic wear models, i.e.,
adhesive wear, abrasive wear and oxidative wear, a new calculate model was established, and then wear value of the mold
surface was obtained by forging numerical simulation and using uniformity wear which can reflect homogeneous degree
of wear as judgment standard. On the basis of this analysis, the numerical simulation results were used as training sample
to establish three layers BP neural network, and instead of the finite element model with trained BP neural network, the
nonlinear mapping relationship between the design variable and the target function was acquired. Finally, combining the
trained mapping function and genetic optimization algorithm, the mandrel shape of wheel hub and reverse parameters
were optimized under the condition of the most uniform. The results show that after optimization of mandrel, uniformity
wear value decreases by 29.65% and maximum wear value reduces by 12.59% than that before optimization, the amount
of wear on upper punch becomes more uniform and the maximum wear is smaller.
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Fig. 1 FEM simulation on forging process of wheel hub
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Fig.2 Contour shape of upper punch and test points positions
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Fig. 4 Schematic diagram of adhesive wear model
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Fig. 5 Schematic diagram of abrasive wear model
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Fig. 6 Schematic diagram of oxidation wear model
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Table 2 Wear of No. 4 tracking point during forging

simulation
ST T T T Tt
/K MPa (mms') C - %ﬁ R %ﬁ‘ w/
(10°mm) (10 " mm)
1 254 107 150 0.011 0.006
2 258 112 150 0.023 0.012
3 270 111 150 0.035 0.019
4 278 110 150 0.048 0.025
5 284 111 150 0.061 0.031
116 677 38 502 4.622 1.503
117 642 50 502 4.658 1.534
118 461 44 502 4.679 1.572
119 609 43 502 4.708 1.601
120 663 42 502 4.738 1.635
£33 HKEFRHREER
Table 3 Test scheme and results
W= K, K, R/mm  ZEJEHE/mm
1 0.176 11.430 4 1.792
2 0.176 57.290 2.168
3 0.176 6.314 3 1.896
4 0 57.290 3 1.819
5 0 6.314 4 1.797
6 0 11.430 2 1.665
7 0.087 6.314 2 1.882
8 0.087 11.430 3 1.755
9 0.087 57.290 4 1.955

Ko TEAT R 5 B HEAT 1) SR 220 MT, 1B &
B1A,Cs, FRBEVSME N : BER K=0, FK K=11.430,
[54] £5 245 R=3 mmo.
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A £ VISR VAN < 25t V7 i/ IS [i/
192 2 . )
N (mm-s ) C min
1 38 107 261 20.2
2 30 95 485 1.8
3 87 160 517 32

BRI 5 B BOARE WA 14 Fros, HH 7414
S B5(TESCAN VEGA3 LMH #4)%f B Ji (1) 1 3 ik 4 T
MEEFI 4. iHiE MATLAB EGACFRLNfE, 16HE
MV BER PG PR T B 7 ¥ R0 B R S AR A (R 3R B
%, PRIUH S TSR SR . iYL
1 3 b B o R B RURAAE , R REAR B S 51 S5t
DX TF, FEXFIX A T B S AT 4325

B 14 #HALBERRIEER

Fig. 14 Wear test results after optimization
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