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Study on service life of core mold for vehicle hollow hexagonal rod based on
finite element analysis

Zhao Huizhen, Cui Huali

(Institute of Intelligent Manufacturing, Zhengzhou University of Economics and Business, Zhengzhou 451191, China)

Abstract: In the deep hole extrusion process for a vehicle hollow hexagonal rod, the core mold responsible for forming deep holes has
great force, the surface wear is serious, and the failure is rapid. Therefore, in order to solve this problem, based on the classic adhesive
wear theory, the extrusion processes of five kinds of core molds with different structures were studied by saftware Deform 11.0, and the
maximum wear depth and the severe wear area on the core mold surface were compared. The results show that the service life of tapered
core mold is longer under the same condition. For the purpose of reducing wear, the size parameters of tapered core mold were optimized
by orthogonal test. At the same time, the wear reduction effect of different coatings on the core mold surface was studied. The results show
that the wear reduction effect of TiAIN coating is better. Thus, the deep hole forming of parts is conducted by the improved core mold, the
forming quality of hole is better, and the service life of core mold is 2. 48 times that of the original mold.
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Fig. 1 Model and physical drawings of hollow hexagonal rod

(a) Part drawing
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(b) Three-dimensional drawing

(¢) Actual product drawing
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Table 1 Chemical compositions of 19MnB4 steel

( %, mass fraction)

C Si Mn P S Cr B Fe

0.17~ 0.08~ < < 0.9~ 0.001~ 4
<0.4

0.24 1.15  0.030 0.030 1.2 0.005 iy
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Fig. 2 Forming process diagram of hollow hexagonal rod
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Fig. 3 Schematic diagram of mold structure before and

after extrusion in deep hole extrusion process
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Fig. 4 Core mold structures

(a) Flat bottom tapered core mold  (b) Plane core mold
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Fig. 5 Finite element model
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(¢) Tapered core mold

(e) Arc surface core mold
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(d) Spherical core mold
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Fig. 6 Surface wear conditions of different core mold structures

(a) Flat bottom conical core mold ~ (b) Plane core mold  (c¢) Tapered core mold
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(d) Spherical core mold  (e) Arc surface core mold
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Fig. 7 Structural schematic diagram and dimensional parameters of

xR2

conical core mold
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Table 2 Orthegonal test schemes and wear results for

dimensional parameters of core mold

HemEAe SRR A o/ SEM OBURRERRRL

ES ]
d/mm R/mm (°) B/(°)  (x107° mm)
1 @6.0 0.4 8 20 1.189
2 @6. 0 0.6 10 25 1.314
3 6.0 0.8 12 30 1.392
4 D6. 4 0.4 10 30 1.232
5 @6. 4 0.6 12 20 1.128
6 @6. 4 0.8 8 25 1.132
7 6. 8 0.4 12 25 1.376
8 @6. 8 0.6 8 30 1.201
9 6. 8 0.8 10 20 1.209
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Table 3 Analysis results of wear depth range for core mold
(x10™° mm)

SR HHERd HERMAEE R MM o M B
K, 1.298 1. 266 1.174 1.175

\

K, 1. 164 1.214 1.252 1.274

K; 1.262 1. 244 1.299 1.275

C 0. 134 0. 052 0.125 0. 100

BRI A /mm
0.000010430

0.000009126
0.000007823
0.000006519
0.000005215
0.000003911
0.000002607
0.000001304

0.000000000
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0.000010430 Max
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Fig. 8 Surface wear result of tapered core mold after size optimization
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Fig. 10 Surface wear conditions of core mold after coating treatment
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(b) TiAIN coating
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Fig. 11 Wear test of tapered core mold

(a) Uncoated core mold
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