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Abstract: In this paper, the investigation and analysis of a pin
in the pusher of the induction furnace was carried out
numerically. First, by simulation of the pusher mechanism in
MATLAB's SimScape/SimMechanics toolbox, the force on
the pin was calculated in the worst-case condition of the
device. Then, the pin was simulated and analyzed in the finite
element software Abaqus. The obtained results showed that
with the increase in axial and radial clearance, the maximum
amount of stress and the area with high stress distribution
intensity in the pin increased. Also, the increase in axial
clearance causes the stress distribution to be drawn to the
supports. With the increase in radial clearance, the arc
forming the contact area of the pin and supports decreases
and the loads are concentrated at the lower area and will have
an effect of impact loading. Also, increasing the length of the
involved support for zero radial clearance has no effect on the
stress distribution on the pin. Therefore, excessive length
only results in additional costs.

Keywords: Pin, Stress analysis, Radial clearance, Axial
clearance, Finite element

1. Introduction

Insufficient knowledge and inadequate research regarding
pin dimensions, axial clearance, and length of the involved
support cause the pin to fail under the applied loads,
ultimately resulting in structural damage. Generally,
through proper analyses, the most suitable dimensions and
clearances for pins can be obtained to reduce maintenance
and repair costs while extending the service life of
structures. Grant et al. established through parametric
studies that for specific geometry ratios, such as width-to-
hole diameter greater than 4, there is minimal variation in
maximum circumferential stress [1]. Additionally, Aslam
et al. demonstrated that the boundary element method
provides a robust alternative for capturing steep stress
gradients in lugs where displacements and tractions are
represented independently [2].

Despite valuable research conducted in the field of
pins, no comprehensive study has been performed to date
on pin force analysis, pin stress analysis, investigation of

the effects of axial clearance between the involved support
and the loaded member, the effect of radial clearance
between the pin and engaged members, and the effect of
length of the involved support. While research exists for
longitudinal loads, Strozzi et al. have provided critical
interpolating expressions for maximum equivalent stress
in lugs specifically subject to inclined or off-axis loading
[3]. Furthermore, Antoni and Gaisne expanded the field by
developing analytical models that utilize Fourier series to
evaluate stress distributions in lugs featuring complex
bush fittings and elastoplastic expansion [4]. Therefore,
this paper addresses the force and stress analysis of pins
installed in the induction furnace pusher.

2. Simulation

In this paper, the pin located at the connection point
between the stick and connecting rod in the pusher of the
induction furnace was subjected to a static force analysis
under the most critical operating conditions. The pin has a
diameter of 70 millimeters and a length of 275 millimeters.
The length of the surrounding support is 100 millimeters,
positioned at a distance of 2.5 millimeters from the middle
support. In addition, the middle support exerts a load of
174,000 newtons on the pin over a length of 70
millimeters. Figure 1 shows the actual image of the
analyzed pin.

Fig. 1. Actual Image of the Analyzed Pin
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3. Results and Discussion

It is initially assumed that the pin has only axial clearance
and its radial clearance is considered to be zero for the pin
simulation analysis,. Subsequently, the effects of axial
clearance and length of the involved support are
investigated. Finally, the performed analyses are repeated
with radial clearance included, and its effects are
examined.

By analyzing the pin specified in Figure 1 using the
static solver of ABAQUS finite element analysis software,
the stress flow in the pin can be observed in Figure 2.
Figure 2 shows the stress distribution in the pin for zero
radial clearance and 2.5 millimeter axial clearance. It can
be seen from the figure that the maximum stress value is
69.6 MPa. To examine stress variations, a line was drawn
4 millimeters below the upper surface of the pin from the
location of maximum stress according to Figure 2-b. The
stress flow along this path was investigated for all different
conditions of axial clearances, radial clearances and length
of the involved support.

S,Miss(MPa)
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Stress Variation Investigation Path
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Fig. 2. a) Stress distribution in cross-section of the pin with
2.5 axial clearance and without radial clearance and b)
Stress distribution in longitudinal section of the pin

The variation of von Mises stress along the pin length
for variable support lengths can be observed in Figure 3.
This figure confirms that the longitudinal stress flow in the
pin is independent of the surrounding support lengths. The
maximum von Mises stress will not change with increasing
involved support length.

Subsequently, the effect of axial clearance on the
stresses applied to the pin is investigated. Figure 4 shows
the variation of von Mises stress along the pin length for
variable axial clearance. This figure confirms that the
longitudinal stress flow in the pin is dependent on the axial
clearance. An increase in axial clearance leads to an
increase in the stress within the pin. This observed stress
concentration is supported by Li et al., who introduced a
calculated width coefficient to modify the standard Hertz

stress model for higher accuracy in clearance-fit designs
[5]. The non-linear complexities introduced by such
clearances can be normalized using a dimensionless load
factor, which describes how the stress field asymptotically
approaches a receding contact state [6].
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Fig. 3. Von Mises stress variations for zero radial clearance,

fixed axial clearance and variable support length
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Fig. 4. Von Mises stress variations for zero radial clearance
and variable axial clearance

Figure 5 shows the variation of maximum von Mises
stress at a constant radial clearance of 0.5 and variable
axial clearance. As can be observed from this figure, the
maximum stresses increase with increasing the radial
clearance compared to the condition without radial
clearance, and the stress distribution extends further into
the side supports. The extension of stress flow into the side
supports becomes more pronounced with increasing axial
clearance. In addition, an increase in axial clearance leads
to an increase in stress that is greater than the increase in
stress in the state without radial clearance.
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Fig. 5. Von Mises stress variations for 0.5 mm radial

clearance and variable axial clearance

Figure 6 shows the variation of maximum von Mises
stress at a constant axial clearance of 2.5 mm and variable
radial clearance. As can be observed from this figure, the
maximum stresses increase with increasing radial
clearance, but the extent of this increase decreases with
increasing clearance. As radial clearance increases, the arc
forming the contact area between the pin and the bearing
supports decreases, and the loads are applied with greater
concentration at the corner points of the side supports.
Radi and Strozzi’s 2D analytical solutions confirm that
these clearances result in distinct "pressure bumps" at
contact extremities rather than point forces, matching your
observation of concentrated loads at corner points [7].
Similarly, Marouani and Hassine proposed parabolic
distribution models for these contact regions, allowing
designers to promptly approximate contact pressure under
varying load angles [8].
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Fig. 6. Von Mises stress variations for constant axial clearance
of 2.5 mm and variable radial clearance

4, Conclusion

The numerical analysis of the pin demonstrated that axial
and radial clearances have a significant effect on stress
distribution. An increase in axial clearance leads to an
increase in stress and its transfer to the bearings, while
radial clearance has a greater influence on stress changes
than axial clearance, although the extent of this increase
decreases with increasing radial clearance. It was also

0 25 50 75 100 125 150 175 200 225 250 20

found that bearing support length has no effect on stress
when there is no radial clearance. Taking into account the
interactions of both types of clearance, as well as design
and manufacturing constraints, it is ultimately possible to
achieve optimal stress by striking an appropriate balance
between increasing axial clearance and reducing radial
clearance, or vice versa. This insight can serve as a useful
guide for optimizing pin design.
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