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Analysis on wear failure of warm forging die for gear

Zhang Jifang' , Jin Huijie®, Xu Yingruo'
(1. School of Automotive and Aviation Engineering, Henan Polytechnic Institute, Nanyang 473000, China;
2. School of Mechanical Engineering, Shangqiu Institute of Technology, Shangqiu 476000, China)

Abstract: In order to extend the service life of warm forging die for gear, the closed warm forging process of gears was simulated and ana-
lyzed by software DEFORM and model Archard, the most serious wear area of die was predicted, and the code factor equation for wear
amount of warm forging die for gear was established by the response surface method. Then, taking die preheating temperature, die hard-
ness, punched skin thickness and transition fillet radius of die tooth tip as target parameters, the most serious wear area of die was para-
metrically analyzed. The prediction results show that the gear tooth profile is fully filled, and there is no slump in the gear teeth. After op-
timization, the wear amount in the most serious wear area is 1. 42x10™° mm, which is 5. 63% different from the predicted value of the re-
gression model, and the error is small. The optimal parameters combination is the die preheating temperature of 150 °C, the die hardness
of 55 HRC, the punched skin thickness of 2. 7 mm and the transition fillet radius of die tooth tip of 0. 4 mm, and the predicted service life
of warm forging die for gear is 7746 pieces, which is in line with the production expectations of 6500 pieces. Thus, the prediction results
of the response surface method are more accurate and can reduce the trial cost to a certain extent.
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Fig. 1 Part drawing of gear
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Fig. 2 Simulation results of closed warm forging for gear

(a) Minimum spacing  (b) Equivalent strain
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Fig. 3 Variation curves of die surface temperature (a) and die wear (b) for five sampling areas
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Table 1 Factors and levels of wear test for gear warm

forging die

KF
J/C H/HRC M/mm N/mm
1 150 45 1.7 0.2
2 200 50 2.2 0.3
3 250 55 2.7 0.4

R2 WAL EEIRERIULE R

Table 2 Simulation results of response surface test

H#E MRS 451 St/
i
Ve H/HRC  M/mm  N/mm (X107 mm)

X, 150 50 2.2 0.4 1.83
X, 250 50 1.7 0.3 2.16
X; 250 50 2.7 0.3 1.87
X, 200 55 1.7 0.3 1.92
Xs 150 45 2.2 0.3 2.12
X¢ 200 50 2.2 0.3 2.01
X; 150 50 2.2 0.2 2. 14
Xy 150 50 1.7 0.3 2.08
Xy 200 50 2.7 0.2 1.86
X 200 50 2.2 0.3 1.99
X, 250 50 2.2 0.2 2.21
X, 200 50 1.7 0.2 2.23
X5 200 50 1.7 0.4 2.01
X, 250 45 2.2 0.3 2.22
X5 250 50 2.2 0.4 1.95
Xis 200 45 2.2 0.4 2.09
X, 200 55 2.2 0.4 1.59
Xig 200 45 2.2 0.2 2.31
Xy 200 55 2.2 0.2 1.83
Xy 200 50 2.7 0.4 1.70
X, 200 45 1.7 0.3 2.41
Xy 200 55 2.7 0.3 1.52
Xy 200 45 2.7 0.3 2.01
Xy 150 55 2.2 0.3 1.86
Xys 250 55 2.2 0.3 1.78
Xps 150 50 2.7 0.3 1.67
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Table 3 Variance analysis of regression equation

TR SFEH HHES  FE PAH
i) 1.28x10" . <0.
T 10 10 56. 660 0. 0001
J 3.74x107"2 1 16. 610 0. 0010
H 6.72x107" 1 298. 400 <0. 0001
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N 1.66x107" 1 73.550 <0. 0001
JH 0. 00 1 0. 000 1. 0000
M 3.60x107" 1 1. 600 0.2255
JN 6.25x107" 1 0. 280 0. 6061
HM 0. 00 1 0. 000 1. 0000
HN 1.00x107" 1 0. 044 0. 8360
MN 9.00x10™" 1 0. 400 0. 5369
A 3.36x107"2 14 12. 000 0. 2230
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Fig. 4 Contour distribution diagrams of wear amount for gear warm forging die

(a) Punched skin thicknes and die hardness
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(b) Transition fillet radius of die tooth tip and preheating temperature of die
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Fig. 5 Wear amount of gear warm forging die after optimization
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