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ABSTRACT

ARTICLE INFO

The research used the thrust bearing of a 1298cc automobile. The thrust-bearing
material was annealed stainless steel (SS 201) with a tensile strength of 685 MPa and
a yield strength of 292 MPa. The research objective was to obtain the best static thrust-
bearing analysis results based on CAE software analysis. The research method
included design stages, material parameters, fixed geometry determination, loading,
meshing settings, computation, and result data. The simulation results were in the form
of stress values, where the maximum stress value on the three-hole, one-hole, and non-
hole thrust bearings were 227.2 MPa, 215.1 MPa, and 138 MPa, respectively. The
non-hole thrust bearing could be the safest among all variations. The non-hole thrust
bearing had a critical stress area value of 154 MPa, where it could absorb a force of
52.75% of the yield strength, the lowest strain was 8.531E-4, and had the highest
minimum safety factor of 1.896.
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1. Introduction

The engine's connecting rod is a crucial component. It transfers the gas pressure at the top of the
piston to the crankshaft, to make it work. The reciprocating inertial force of the piston and the pressure
of the piston pin must be supported by the connecting rod [1]-[4]. Thus, it is necessary to analyze the
strength of the material. Static analysis using software applications is one of the non-destructive methods
of testing materials[5]-[9].

Bearing research to detect defects by focusing on the vibrations generated has been conducted [10],
[11]. The variables studied include radial load, axial load, bearing rotational speed, lubrication type,
adjustment, and number of rollers [12]-[15]. Meanwhile, to obtain the value of the damage level of the
bearing, variations in vibration amplitude are added.

Static analysis research results show that the area where critical stress occurs is located at the radius
(fillet) of a part. Theoretically, a part with a small radius will produce greater stress. Where, the smaller
the radius, the smaller the surface area. Thus, it will increase the stress that occurs [3], [16], [17].

Connecting rod failure generally occurs due to friction or impact on the connecting rod. Identification
of effective and efficient countermeasures against rod metal must be carried out so as not to damage other
components [18]. This analysis is needed to determine the ability to withstand excessive pressure on the
thrust bearing which has an impact on the occurrence of high stresses so that it reaches the critical value
of material strength [19].
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Analysis of the rod is required to ensure the longevity of the connecting rod and minimize damage
[20]-[22]. Thus, the connecting rod can optimally transmit power from the combustion process to the
crankshaft. If during the analysis process, a very high loading occurs on the connecting rod and the thrust
bearing is unable to reduce or withstand the explosive force of the combustion process, it is necessary to
replace the material or redesign the component [23]-[25].

This study was a static analysis of thrust bearings of a 1298 cc automobile under the forces acting
during the combustion process. The main load was piston pressure which was transmitted to the
connecting rod and thrust bearing. The thrust bearing material was annealed stainless steel (SS 201). The
analysis was carried out to obtain a thrust-bearing design with various lubrication holes with better
resistance.

2. Method

The research stages included designing parts and assemblies, determining material property values,
determining parameters for static analysis, computation, and data analysis. The design stage involved
drawing the connecting rod and thrust bearing of a 1298 cc automobile, as shown in Fig. 1.

Rod small end

Connecting rod

Rod big end

Thrust bearing

Fig. 1. Connecting rod 3D-design

The design of the various thrust bearing on the automobile can be seen in Fig. 2.

a. Non-hole b. One-hole c. Three-hole

Fig. 2. Various thrust-bearing designs
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Table 1 Material properties of the thrust bearing of annealed stainless steel (SS) 201 [1]

Property

Units

Elastic Modulus

Poisson's Ratio

Tensile Strength

Yield Strength

Thermal Expansion Coefficient
Mass Density

Hardening Factor

N/mm?
N/A
MPa
MPa

1.7e-005 /K

kg/m®
N/A

Table 1 shows the material properties of the thrust bearings. Table 2 shows the placement of the fixed
geometry and the loading that was implemented on the connecting rod.

Table 1. Fixture geometry position and loading on the connecting rod

Fixture Name

Fixture image

Fixture Details

Fixed-1 Entities: 4 face(s)

Type: Fixed Geometry
Fixed
Load Name Load image Load Details
Force-1 Entities: 1 face(s), 1
plane(s)

Reference: Top Plane
Type: Apply force
Values: ---,-—-, 4785 N

The next step was to set the mesh size using a curvature-based mesh with a maximum element size
of 1.5 mm and a minimum element size 0f 0.499995 mm, as shown in Table 2. Meanwhile, the meshed
connecting rod design can be seen in Fig. 3.
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Table 2. Meshing parameters

Mesh Information Non-hole One hole Three-hole
Mesh type Solid mesh Solid mesh Solid mesh
Mesher used Curvature- Curvature- Curvature-

based mesh based mesh based mesh
Jacobian points 4 points 4 points 4 points
Max element size 1.5mm 1.5mm 1.5mm
Min element size 0.499995 mm 0.499995 mm 0.499995 mm
Mesh quality Draft Draft Draft
Total nodes 2349 2477 2583
Total elements 8005 8587 8910
Maximum aspect ratio  9.0843 9.0877 8.8047

Fig. 3. Meshing of connecting rod and thrust bearing

The simulation comprised simulations of stress, displacement, strain, the factor of safety, and stress
in critical areas [26]. The simulation result of the thrust bearing is shown in Fig. 4.

Y
1.540e+008

Fig. 4. Static thrust bearing simulation
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3. Results and Discussion
The research results in the form of stress, displacement, and strain on various thrust-bearing designs
are shown in Table 3.

Table 3. Stress, displacement, and strain data on thrust bearings

) Stress (MPa) Displacement (mm) Strain
Design
min  avg max min avg max min avg max
Non-Hole 5251 1199 138.0 1.00E-30 1.475E-2 2.663E-2 1.830E-4 4.864E-4 8.531E-4
One Hole 60.10 120.1 2151 1.00E-30 1.470E-2 2581E-2 1.562E-4 4.869E-4 1.069E-3

Three Hole 61.98 121.0 2272 1.00E-30 1.491E-2 2.710E-2 2.082E-4 4.905E-4 1.276E-3

Meanwhile, the research results in the form of safety factors for various thrust-bearing designs can be
seen in Table 4.

Table 4. Safety Factor

Safety Factor

Design

MIN AVG MAX
Non-Hole 1.896 2.456 6.788
One Hole 1.357 2.459 7.396
Three Hole 1.385 2.448 7.526
250
A A
200
S
s 150
b = =
@ 100
&
50 ¢ ¢
0
NON Hole One Hole Three Hole

Fig. 5. Thrust-bearing stress

Stresses of various thrust-bearing designs can be seen in Fig. 5. The largest stress value is the one-
hole thrust bearing with a value of 215.1 MPa. At the same time, the thrust bearing with the lowest stress
is the non-hole thrust bearing with a stress value of 52.51 MPa. Non-hole, one-hole, and three-hole thrust
bearings can reduce the force by 52.75%, 26.34%, and 27.81%, respectively. Thus, the greater the
percentage reduction in force or stress that occurs due to low loading at yield strength, the safer the
material [2], [7]. So non-hole thrust bearing is the safest among other variations.
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The displacement values obtained from the three thrust-bearing variations can be seen in Fig. 6. The
three-hole thrust bearing has the greatest displacement value of 2.710E-02 mm.

3.0E-02
2.5E-02 4 A 4
2.0E-02
1.5E-02 [ B N
1.0E-02
5.0E-03
0.0E+00 4 4 4
NON Hole One Hole Three Hole

Fig. 6. Thrust-bearing displacement

This proves that the smaller the surface area of the thrust bearing, the more the displacement value
will increase [1]. By expanding the cross-sectional area of the connecting rod by 30%, the distortion of
the connecting rod’s big end bearing was reduced by 4.3%.

The strain values obtained from the three thrust-bearing variations can be seen in Fig. 7. The three-
hole thrust bearing has the greatest strain value, namely 1.276E-03; this made the three-hole thrust bearing
experience a large strain.

1.4E-03
1.2E-03
1.0E-03
8.0E-04

Strain

6.0E-04

4.0E-04

2.0E-04 ¢ °

0.0E+00
NON Hole One Hole Three Hole

Fig. 7. Thrust-bearing strain

On the other hand, the lowest value is the non-hole thrust bearing with a value of 8.531E-04, which
caused the force that could be absorbed by the three-hole thrust bearing smaller than the non-hole thrust
bearing.

The results of the safety factor analysis range from 1.357 to 7.526. This is in the range of previous
research, where the simulation that has been carried out on the connecting rod produced a safety factor
from 1.006 to 15 [4][18]. The safety factor obtained for each specified material can be seen in Fig. 8.
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0.0

NON Hole One Hole Three Hole

Fig. 8. Safety factor of various thrust-bearing designs

Fig. 8 shows that the greatest safety factor is achieved by the three-hole thrust bearing of 7.526, but
with a minimum value of a safety factor of 1.385. This value is lower than the minimum value of the non-
hole thrust-bearing safety factor of 1.896. So, the non-hole thrust bearing is relatively the safest among
other variations of the thrust bearing.

The critical area in the thrust bearing analysis occurred on the side of the lubrication hole, as shown
in Fig. 9. The maximum stress that occurs is 227.2 MPa. Compared to the yield strength of the material,
the material experienced a stress of 77.81% or a safety factor of 1.285. The safety factor is still safe
because the value is greater than 1 [7], [26], [27].

2.272e+08

Fig. 9. The critical area that occurs in the thrust-bearing

The maximum stress resulting from the critical area analysis for each variation of thrust-bearing can
be seen in Fig. 10. It shows the maximum stress of the largest critical area of the three-hole thrust bearing
of 227.2 MPa and the smallest critical area maximum stress of the non-hole thrust bearing of 154.0 MPa.
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Fig. 10. Critical area stress of thrust bearing

The highest effect of loading occurred in the three-hole thrust bearing, which is equal to 77.81%.
However, this is still below the yield strength limit of the material. So, it can be concluded that the
material is still safe in critical areas.

4. Conclusion

Based on the results of the study it can be concluded that thrust bearings with non-hole could be the
safest thrust bearing compared to the one-hole and three-hole variations. Non-hole thrust bearing had a
critical stress area value of 1.540E+08 where it could absorb a force of 52.75% of the yield strength, the
lowest strain was 8.531e-4, and the highest minimum safety factor of 1.896.
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