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Research on wear performance of reverse extrusion punch for automotive
deep hole nut based on numerical simulation

Zhang Yuhang, Zhang Jiarui
(College of Intelligent Manufacturing and Automobile, Chongging Technology & Business Institute, Chongging 401520, China)

Abstract: For the problems of serious wear, frequent replacement and high scrap rate of punch during one-time extrusion forming process
of a deep hole nut parts, the coating on the punch surface and the improvement of punch structure were proposed to minimize the punch
wear, and based on the numerical analysis software DEFORM-3D, the wear model of punch and the extrusion simulation model were es-
tablished. Then, the wear conditions of uncoated punch, single-coated punch and TiN-TiCN composite coating punch with different film
thicknesses during the extrusion process were studied, and the important parameters of punch were optimized by orthogonal test method.
The results show that the wear of uncoated punch is the most serious, and the wear for TiN-TiCN composite coating punch with the film
thickness of 4 pm is the smallest. When the front angle of punch is 8°, the transition angle is 33°, the fillet radius is 0. 2 mm and the
outer diameter of head is @19. 46 mm, the wear amount of punch is the smallest. It has been proved that the service life of punch with
coating technology and optimal parameters is increased by 5. 5 times.
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Fig. 1 Part drawing and extrusion forming process of nut

(a) Part drawing of nut
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Fig. 4 Wear results of uncoated punch and coated punch

(a) Uncoated punch

(b) TIiCN coating punch of 2 um

BEHIRSE/(x10” mm)
1.480

0.987
0.493

0.000
0.000 Min
1.480 Max

©

(¢) 2 wm [y TIN-TICN & &% )2 ohsk

(¢) TiN-TiCN composite coating punch of 2 um

BESRIREE/(x10™ mm) BEHRIREE/(x10” mm) BEHRYR /(<10 mm)
1.480 1.260 1.780
0.987 0.840 1.190
0.493 0.420 0.593
0.000 0.000. 0.000
0.000 Min 0.000 Min 0.000 Min
1.480 Max 1.260 Max 1.780 Max
@ ®) (O]

FlS  ARIEIREAE A TR)Z hk R 4,

(a) 2 wm i TiN-TiCN & 5 ¥k)2 vl sk

(b) 4 pm fig TIN-TICN S ARk

(¢) 6 pm Y TIN-TiCN R 3 UR)Z sk

Fig. 5 Wear results of composite coating punch with different film thicknesses

(a) TiN-TiCN composite coating punch of 2 pum
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Fig. 6 Structure of deep hole reverse extrusion punch

(b) TIN-TiCN composite coating punch of 4 pm

(¢) TiN-TiCN composite coating punch of 6 pum
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Table 2 Wear results of punch for each group
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1 6 30 0.2 @19.40 2.23
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3 6 36 0.6 $19.52  2.92
4 8 30 0.4 @19.52 1.71
5 8 33 0.6 $19.40 1.32
6 8 36 0.2 @19.46  1.19
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9 10 36 0.4 $19.40 2.45
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Fig. 7 Punch wear condition under optimal punch parameters
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Fig. 8 Actual drawings of punch and nut sample

(a) Punch

(b) Wear of punch

(¢) Nut sample
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