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Wear analysis and parameter optimization on hexagonal punch based on
computer simulation
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(1. Department of Mechanical Engineering, Langfang Technician College, Langfang 065000, China;
2. Mechanical and Electrical Engineering College, North China Institute of Aerospace Engineering, Langfang 065000, China)

Abstract; In order to reduce the wear amount of punch for hexagonal inter hole forming in an automotive gearbox gear shaft, a hole extrusion
model was established researched by software Deform-3D. Firstly, the cold plastic deformation laws for the processed material of 20MnCr5
alloy steel and the variation laws of hardness and wear coefficient for the hexagonal punch with temperature were studied, and the reliability
of the hole extrusion simulation test was ensured. Secondly, the stress and wear conditions of three different forms of hexagonal punches dur-
ing the hole extrusion process were studied, and the optimal form of the trapezoidal hexagonal punch was determined. Finally, with the aim
of reducing punch wear, the process parameters such as punch angle, punch plane diameter, punch transition radius and hole extrusion speed
were optimized by orthogonal experiments, and the anti-wear effect of TiAIN coating on the surface of the trapezoidal hexagonal punch was also
studied. The research results show that the optimal process parameters for hole extrusion are the punch angle of 20°, the punch plane diameter
of @4.5 mm, the punch transition radius of 0.6 mm, and the extrusion speed of 20 mm - s™". Afier optimization, the life of the punch is 1.22
times that before optimization. At the same time, the life of the punch with surface coating is 2. 20 times that before optimization.
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Fig. 1 Model diagram of gear shaft
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Fig. 2 Five-station cold heading scheme for gear shaft
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Fig. 3 True stress-true strain curves of 20MnCr5 alloy steel
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Fig. 4 Model of inner hole extrusion
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Table 1 Main performance parameters of W6MoS5Cr4V2 steel
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Fig. 5 Types of hexagonal punches

(a) Conical hexagonal punch ~ (b) Trapezoidal hexagonal punch

(¢) Spherical hexagonal punch
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Fig. 7 Surface wear distributions of hexagonal punches
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Fig. 8 Variation curves of force for three types of hexagonal punches
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Table 2 Orthogonal experimental scheme and punch

wear results

jE s 0/ D/ R/ % W imar”
UES ) mm mm (mm-sT) (1070 mm)
1 10 @4.0 RO.2 10 1.338
2 10 @4.5 RO.4 20 1.271
3 10 @5.0 RO.6 30 1.334
4 10 5.5 RO.8 40 1.345
5 15 4.0 RO.4 30 1.321
6 15 @45 RO.2 40 1.293
7 15 @5.0 RO.8 10 1.329
8 15 5.5 RO.6 20 1.249
9 20 @4.0 RO.6 40 1.198
10 20 4.5 RO.8 30 1172
11 20 @5.0 RO.2 20 1.244
12 20 5.5 RO.4 10 1.131
13 25 @4.0 RO.8 20 1.311
14 25 @45 RO.6 10 1.288
15 25 @5.0 RO.4 40 1.352
16 25 5.5 RO.2 30 1.356

x3 ANAMLRRBRRERENNER (x107° mm)
Table 3 Range analysis results of maximum wear depth for

hexagonal punch (%10~ mm)

ZH 0 D R v

K1 ¥ E 1.322 1.292 1.308 1.272
K2 [ ¥ME 1.298 1.256 1.269 1.269
K3 B {E 1.186 1.315 1.267 1.296
K- 4 (¥ 1E 1.327 1.270 1.289 1.297
e 0. 141 0. 059 0. 041 0.028
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Fig. 9 Results after process parameter optimization

(a) Surface wear distribution of trapezoidal hexagonal punch after dimension improvement

(b) Variation curve of force for punch

(¢) Formed part
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Fig. 11 Modeling of TiAIN coating and wear results

(a) Coating model
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(b) Surface wear distribution of coated punch
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Fig. 12 Physical objects of trapezoidal hexagonal punches

(a) Uncoated and unworn sample  (b) Uncoated sample and worn once

(e) TiAlN-coated sample and worn twice
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