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Abstract

With the increasing demand for lightweight and lower fuel consumption and
safety of automobile industry, lightweight materials of high strength steel
(HSS) are more and more widely used. The hot stamping technology, which is
determined by the inherent mechanical properties of high strength steel,
makes molds prone to wear failure in the harsh service environments. In this
paper, a finite element model is proposed for analyzing the value and distribu-
tions law of friction shear stress of contact surface of the pin disk. Through
the simulation process of sliding wear, two kinds of different cladding mate-
rials of the pin specimens including H13 and Fe65, were experimented under
three different loads by using the software ABAQUS. And then the pin-on-
disk wear test at elevated temperature was conducted to verify the effective-
ness of the simulation results. The results showed that the friction shear stress
of pin with iron-based cladding and H13 steel was different under different
loads, but the distribution was basically the same; the normal friction shear
stress increased gradually along the direction of the pin movement, and the
tangential shear stress increased gradually from the center of the pin to the
outside of the circle; the value of the friction shear stress of the normal joints
on the contact surface was periodically fluctuating in the whole dynamic
analysis step, while it was basically stable in the tangential direction.
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1. Introduction

With the requirement of reducing automobile weight for energy saving, the ap-
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plication of high strength steel (HSS) on automobile has been popularized in-
creasingly, due to not only achieving weight reduction of automobile, but im-
proving the passive safety. Achievements of lightweight automobile projects
abroad in recent years are summarized, especially about development of high
strength steel sheets [1].

In general, with the enhancement of steel blank’s mechanical strength, its
formability is worsened dramatically. It is difficult to apply the traditional cold
stamping technology into the field of pressing HSS [2]. Thus, the hot stamping
technology of HSS is applied as a new technology, which combines cold stamp-
ing process and heat treatment process to solve the difficult forming problem of
HSS by using the plastic strengthening property of the sheet metal under high
temperature [3]. Compared with the cold stamping die, the working conditions
of the hot stamping die are worse, the wear of the mold is more serious, the ser-
vice life of the die and the quality of the stamping parts will also be reduced [4]
[5]. With the extended use of the mold cycle, the die surface of high temperature
has been damaged by friction for a long time, which will inevitably cause the
wear and tear of the die. At present, in the mold industry, the surface coating
technology is applied to prepare the super alloy coating on the surface of the
mold, which can effectively improve the wear resistance of the mold surface, and
improve the service life of the mold greatly [6] [7]. Various techniques such as
PVD and CVD have been applied to the cladding of the wear resistant layer on
the die surface. Among the advanced techniques, powder plasma surfacing
technology is one of the most promising process because its dense structure and
better coating performance and especially for its wide range of material selection
[8]. And the iron-based cladding alloys are extensively used in the industry for
sliding wear application. They possess high resistance to wear and plastic defor-
mation at temperature in excess of 600°C [9].

At present, there are few researches on the wear of hot forming dies, and most
of them focus on experimental research. However, the cost is high, and some
physical quantities are difficult to measure in the experiment [9] [10]. The Finite
element Simulation, as a supplementary method, is mainly aimed at stimulating
the physical quantity which is difficult to measure in the process of experiment,
such as interfacial compressive stress, friction shear stress and temperature field
in the process of wear test. Therefore, it is of great practical significance to carry
out the numerical simulation of the wear of the hot forming die [11]. In this pa-
per, combined with the hot stamping process conditions of high strength steel,
the test parameters of the pin-on-disk in the high temperature wear test were
used to simulate the value and distribution of the shear stress on the contact
surface during the wear process, Which provided a theoretical basis for the de-

termination of stress concentration area and wear area in wear process.

2. Finite Element Modeling of the Pin Disk
2.1. The Establishment of the Pin-Disk Model

Figure 1 shows the pin-disk wear model Established in ABAQUS. The size of
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the pin and the disk is the same as that of the high-temperature friction and
wear test. The size of the disk is ®58 x 8 mm, the shape of the pin is irregular,
and the rotational radius r of the pin to the center of the disk is 20 mm during
sliding wear. The material of the disk is DP600.

2.2. Related Parameter Setting

The Simulation parameter of the pin-on-disk model is listed in Table 1. The top
surface of the disk is the main surface, For the face, the disk is bound into a rigid
body, while the pin is not bound, and the friction coefficient corresponding to
the different load is selected according to the result of the high temperature fric-
tion and wear test.

The static general analysis step named move is set to achieve relative rotation
of the pin with analysis time of 1 s and the maximum incremental step of 1000.
The initial and maximum value of the incremental step is set at 0.01and 0.05 re-
spectively. In the load setting, the concentrated force of 100 N, 150 N, and 200 N
is applied to the top of the pin.

The role of analysis step move is to generate relative rotation under the stable
contact, therefore, the analysis of the contact in the pin boundary conditions set
at Ul = U2 = 0, the action area selects the side of the pin. Disk boundary condi-
tions Set at V1 = V2 = V3 = VRI = VR2 = 0, VR3 = 8.37758 rad/s, the action
area selects the rigid body constraint control point of the disk, where VR3 is

comes from the friction test.

3. Results and Discussion

The simulation analysis is used to analyze the friction shear stress in the tangen-

tial direction of the vertical normal motion and the parallel motion in the step.
Figures 2-4 show the distribution profiles of the friction shear stress of the

pin with iron-based cladding under the loads of 100 N, 150 N and 200 N,

z

%

Figure 1. Finite element model of Pin-disc.

Table 1. Simulation parameter of the pin-on-disk model.

Material
E (Young’s modulus) M (Poisson’s ratio) 2 erl.a Mesh type
properties
Disk 15,600 Mpa 0.3
Elastoplastic C3D8R
Iron-based pin 203,270 Mpa 0.3126 o 1I1)1 (8-node linear hexahedral element)
H13 pin 187,400 Mpa 0.3087 b
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Figure 2. Friction shear stress distribution of the pin with iron-based cladding under
100 N load.
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Figure 3. Friction shear stress distribution of the pin with iron-based cladding under
150 N load.
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Figure 4. Friction shear stress distribution of the pin with iron-based cladding under
200 N load.

respectively, Where (a) is the normal friction shear stress, and (b) is the tangen-
tial friction shear stress

From Figures 2-4, it can be seen that the instantaneous direction of the linear
velocity of the pin relative to the disk movement is the positive direction of the Y
axis, and the distribution law of the friction shear stress in the normal and tan-
gential directions under different loads is basically the same. The normal friction
shear stress increases gradually along the direction of the pin movement, while
the tangential shear stress increases gradually from the center of the pin to the
outside of the circle, and it reach the maximum at the edge of the sliding direc-
tion, which is up to about 3 times the minimum friction shear stress at the same
time, and the overall value of the friction shear stress increases with the increase
of applied load.

Figures 5-7 show the distribution profiles of the friction shear stress of the
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Figure 5. Friction shear stress distribution of the pin without cladding under 100 N
load.
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Figure 6. Friction shear stress distribution of the pin without cladding under 150 N
load.
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Figure 7. Friction shear stress distribution of the pin without cladding under200 N
load.

pin without cladding under the loads of 100 N, 150 N and 200 N, respectively,
where (a) is the normal friction shear stress, and (b) is the tangential friction
shear stress.

From Figures 5-7, it can be seen that the distribution of friction shear stress
on the contact surface of pin without cladding is basically the same as that of pin
with iron-based cladding, but the value is vary with the friction coefficient and
material properties.

Figure 8 and Figure 9 show the variation curve of frictional shear stress with
simulated time in the normal and tangential steps of the three nodes at the up-
permost, middle and lowest ends of the iron-based cladding surface under 200 N
load.

From Figure 8 and Figure 9, it can be seen that the value of the friction shear
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Figure 8. Friction shear stress-time curves of normal direction.
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Figure 9. Friction shear stress-time curves of tangential direction.

stress in each node in the normal direction fluctuates periodically in the
whole dynamic analysis step, while it is basically the same in the tangential

direction.

4. Wear Test Results

To verify the effectiveness of the simulation results, the pin-on-disk wear test at
elevated temperature were conducted with the pin of Fe65 cladding. Figure 10
shows the macroscopic topography of the pin with Fe65 cladding under 200N
load. Figure 11 shows the SEM image of the Fe65 cladding under 200N load,
with a magnification of 50.

From the previous simulation results, it can be seen that the distribution law
of the friction shear stress in the tangential direction is the middle is small while
the margin is large, and the decreasing direction is consistent with the sliding
direction. In Figure 10 and Figure 11, the scratched direction is consistent with
the sliding direction, and the edge of the pin has severe oxidation wear, while the
middle part is lighter, Which coincides with the distribution of frictional forces

in the simulation results, to a certain extent, the test has proved the simulation.
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Figure 10. Macro wear morphology.

Figure 11. The whole SEM image of Fe65.

5. Conclusions

As has been discussed in the previous sections, the sliding wear process of the
pin disk was simulated and analyzed by using the software ABAQUS. From
these results, the following conclusions can be reached.

1) The friction shear stress of pin with iron-based cladding and H13 steel is
different under the different loads, but the distribution is basically the same.

2) The normal friction shear stress increases gradually along the direction of
the pin movement, and the tangential shear stress increases gradually from the
center of the pin to the outside of the circle, and it is greatest at the front margin
of the moving direction, which is up to about 3 times the minimum friction
shear stress at the same time.

3) The value of the friction shear stress of the normal joints on the contact
surface is periodically fluctuating in the whole dynamic analysis step, and the
magnitude of the shear stress in the tangential direction is basically stable in the

whole dynamic analysis step.
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