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Wear analysis and optimization on hole extrusion punch for
automotive oil pipe bolt

Zhang Haiyan
(Intelligent Manufacturing College, Zhanjiang University of Science and Technology, Zhanjiang 524037, China)

Abstract: Aiming at the problems of heavy force and serious surface wear of exirusion punch during the forming of automotive oil pipe bolt
hole, the forming process of hole extrusion for oil pipe bolt was numerically simulated by Deform-3D software to predict and optimize the
wear condition on the surface of punch. Then, the mechanical properties of raw material for oil pipe bolt (40CrNiMoA steel) at room tem-
perature were studied, and J-C constitutive equation was obtained by fitting, which provided guarantee for the accuracy of simulation test
results. Furthermore, the change laws of hardness and wear coefficient of punch material (M2 steel) and coating material ( TiAIN) at dif-
ferent temperatures were studied, and a reliable wear model was established. By comparing the wear, force and temperature change of
three kinds of punches with different structures, the punch structure which was more conducive for metal flow was determined. Finally,
the influence of surface coating technology on the surface wear of various punches was studied, and the service lives of punches were pre-
dicted. The results show that the cone punch has the best effect and the longest service life, and the service life of punch is increased to
2. 08 times of the original punch after the coating treatment.
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Fig. 1  Model diagram of oil pipe bolt
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Fig. 2 Production process of oil pipe bolt

(a) Cold heading scheme

(b) Physical parts for each station in cold heading
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Fig. 3 True stress-true strain relationship curves of 40CrNiMoA

steel under different conditions at room temperature
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Table 1 Constitutive model constants of 40CrNiMoA steel
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Fig. 4 Punch structures

(a) Plane punch
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(b) Conical punch

(c¢) Hemispherical punch
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Table 2 Material parameters of M2 steel
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Fig. 5 Finite element models of hole extrusion

(a) Coating model  (b) Hole extrusion model
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Fig. 6 Change laws of hardness (a) and wear coefficient (b) at different temperatures
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Fig. 7 Temperature distributions of different punches

(a) Plane punch
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Fig. 8 Force conditions of different punches
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Fig. 9  Wear conditions of different punches
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Fig. 10 Wear conditions of different punches with TiAIN coating
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