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a b s t r a c t

The implementation of high carbon steel composite is growing continuously in the field of automotive
and manufacturing industries because of their superior physical, mechanical and tribological properties
as compared to normal steel. In automobiles, the differential plays major role to power transmission from
engine to wheel. However, failure of crown pinion observed that the gear teeth have been sheared off by
heat failure and edge of pinion gear is worn down caused by lubricant failure. So, this high carbon steel
composite (high carbon steel + silicon carbide) could be proposed for crown pinion gear to control mate-
rial wear and fracture. In this paper, the various proportions of high carbon steel composites were inves-
tigated and evaluated the characteristics of material hardness, compressive strength and material wear.
The material proportions were 100–0 %, 99–1 % and 97.5–2.5 % of high carbon steel with silicon carbide.
By observing experimental results, the high carbon steel with 2 % of silicon carbide have better material
characteristics than other proportions and this also suggested to crown pinion gear production.
� 2023 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the International Confer-
ence on Newer Engineering Concepts and Technology.

1. Introduction

Life expectancy of mechanical system is always dependent on
the most critical component of the system. The crown wheel and
pinion gears are one of the critical components in the transmission
system of an automobile. Failure of this components has drastic
effect on the vehicular movement. This in turn leads to increased
downtime for repairs. The cost of these components adds to the
criticality in addition to its function.Gear design is commonly
bounded by the requirements that gear should carry high loads
at high speeds with minimal size and weight. Gear wear refers to
the progressive material loss from contacting tooth surface due
to the combined rolling and sliding motion under mixed or bound-
ary lubrication conditions. The direct result of gear wear includes
dynamic transmission error [1–4]. When one gear is mesh with
other in that one is bigger than the other in that mechanical advan-
tages achieve, with the torques and rotational speeds, of the two
gears differing in part to their diameters.For gear failure mode
occurring tooth bending fatigue, surface scoring and wear, contact

fatigue.There are two different types of gear teeth devastation
occur in gears under several freight due to fatigue known as tooth
breakage in a root and teeth damage, teeth breakage of teeth is
clearly worst damage case, the gear hampered operating condition
or destroyed, because of this, the localized stresses in a tooth
should be conceptually studied in all gear application. The crack
imitation period commonly accounts for the most service life of
gear, particularly in high cycle fatigue [5–8].The noise and vibra-
tions measured were very low for new set of gears and increased
considerably for used gear pairs and there was a very peak rise
in noise and vibration level for the damaged gear pair. By studying
the sound and vibration spectrum it is possible to know the status
of the given spiral bevel gear pair and it is also possible for early
detection of failure of given spiral bevel gear pair during operation
[9–11]. During study work, it is also seen that, the Gear failures,
can be avoided if designers and operators recognize that the crown
wheel is an important component of a differential unit and appre-
ciate that the tribology of gearing requires the attention and con-
trol of many related factors [12–15]. Successful diagnosis, and
especially prognosis, of gear damage based on observed accelerom-
eter responses requires that one have the capability to relate
accelerometer response characteristics to physical damage on the
subject gears.for the case of tooth bending-fatigue damage,
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precision measurements, made on a gear failed in a four-square
power-circulating test apparatus, have provided strong evidence
that the detectable damage feature prior to tooth breakage is plas-
tic deformation of failing teeth, rather than reductions in tooth
stiffness due to root cracks, as is commonly believed [16–19].The
component failure occurs in crown pinion gear were discussed
by Bensely et al. The failure began in the pinion, causing the crown
wheel to fail prematurely wherever the failed tooth made contact
with it. The failure mode of the pinion is sub case fatigue caused by
inadequate case depth. The crown wheel’s failure mode is partial
uprooting. As a result, the substitute material must decrease com-
ponent failure(See Fig. 1).

2. Material selection

The nature and methodology of the metal matrix composites
depicts their performance and characteristics that can be assessed.
Some factors for example intrinsic properties, structural arrange-
ment of the reinforcing particles in the matrix system and the rela-
tions between the constituents are of great significance. The
intrinsic properties of reinforcements and matrix system decide
the general order of properties that will play an important role in
the composite materials [20–24]. The interaction between the con-
stituents of composite sets the new characteristics that are very
crucial for the automotive and aerospace applications. The shape
and size of the individual particulate, their structural arrangement,
distribution and the relative amount contribute to the whole per-
formance of the composite materials. The important factors deter-
mining the properties of composite materials are microstructure,
size, volume fraction, homogeneity and isotropy of the system
and the technique used to manufacture the component.

2.1. High carbon steel

High-carbon steel is described as steel with a carbon content of
0.55 percent or more. While this is how cast-iron items (wood
stoves, cookware) are produced, pushing this material beyond
2 % makes the result highly fragile and of little use [25]. Quite high
strength, intense stiffness and wear resistance, and reasonable
ductility, an indicator of a material’s ability to withstand being
deformed without eventually cracking, are all characteristics of
high carbon steel.

2.2. Silicon carbide

The most commonly used source for structural ceramics has
been silicon carbide. Low thermal expansion, a large force-to-
weight radius, high thermal conductivity, hardness, abrasion and
corrosion resistance, and, most notably, the ability to maintain
elastic resistance at temperatures up to 1650 �C have contributed
to a wide variety of applications [26–27]. The project’s key purpose
is to examine which material is best for the crown and pinion gears
in the differential at higher loads by studying stress, displacement,
and weight reduction. Variations in the formulations of high car-
bon steel and silicon carbide compounds for gears are used to do
an investigation.

Table 1 represents the physical and mechanical properties of
proposed material for crown pinion gears. Among these materials,
different proportions have been chosen to optimize by the FEA
analysis of crown pinion are as follows:

1) High carbons steel (100 %) + Silicon carbide (0 %)
2) High carbons steel (99 %) + Silicon carbide (1 %)
3) High carbons steel (97.5 %) + Silicon carbide (2.5 %)

3. Specimen preparation

The test samples of proposed material have been prepared by
powder metallurgy method. Powder metallurgy is a relatively
common way of producing parts, particularly in the automobile
industry, as it enables the high-volume production of small and
intricately shaped parts with homogenous structures. In powder
metallurgy, mixtures of metal (and sometimes non-metal) pow-
ders are compacted and then sintered. The manufacturing process
is expensive, but the finished parts have specific advantages over

Fig. 1. Failure of Crown Pinion.

Table 1
Physical and Mechanical Properties of Proposed Material.

Material / Property High Carbon Steel Silicon Carbide

Density (g/cc) 7.54 3.18
Young’s modulus (GPa) 200 470
Poisson ratio 0.292 0.36
Thermal conductivity (W/mK) 45.9 110
Tensile strength (MPa) 896 –
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wrought or cast parts and reduction of machining process that
results in a decrease in the cost of production. Powder metallurgy
usually proceeds in three main steps: powder preparing, com-
paction and sintering. This proposed combination of high carbon
steel powder has prepared by ball milling process and then com-
pacted by compression machine. Finally, the sintering process
done by using box furnace under 1650 �C for required specimen
size, shown in Fig. 2 and Fig. 3.

4. Experimentation

4.1. Wear test

In this experimentation, only dry sliding wear will be consid-
ered Fig. 4 shows the setup. The actual wear mechanism for dry
wear depends on a number of variables including surface finish,
surface geometry, orientation, sliding speed, relative hardness,

Fig. 2. Material Compaction.

Fig. 3. Sintered Samples.

Fig. 4. Pin on Disc Wear Tester Machine.
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material microstructure, and more. From this variable, it can be
seen that wear rate is not pure material property and does not
always occur uniformly, this experimental setup is pin on disc
machine. During the wear test, loads can be applied at either
5 N, 10 N or 20 N respectively. The speed of the rotating disc is
955 rpm and the disc diameter is 30 mm. During the testing pro-
cess, the rotating disc can be controlled by electric motors, which
permits continuous rotary motion of disc. During the testing proce-
dure, sliding velocity is 1.5 m/sec and sliding distance is 1000 m.
Friction force at the time of testing was measured with the help
of a torque transducer.

The below Figs. 5, 6 and 7 representing the wear loss in percent-
ages for 5 N, 10 N and 20 N respectively. Based on that results that

97.5 % high carbon and 2.5 % silicon carbide mixture of composite
material have much more wear resistance than the others. From
results, the above Fig. 6 shows that the sample with 97.5 % high
carbon steel is having better wear characteristics while compared
to other samples with 99 % and 100 % high carbon steel at the con-
dition of 5 N load and 1.5 m/sec sliding velocity.

4.2. Compression test

In a compression test, the material is compressed or crushed
because of opposing pressures pushing inward from opposite sides.
The applied force is delivered across the full surface area of two
opposing faces of the test sample and then the plates are pressed

Fig. 5. Wear Loss in Percentages of Crown Pinion at 5 N.

Fig. 6. Wear Loss in Percentages of Crown Pinion at 10 N.
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together by a universal testing machine. This experiment was car-
ried out for proposed high carbon steel samples and the obtained
results has discussed Table 2. Comparatively, the third sample
attained maximum compression strength of 1019.4 MPa (i.e., the

composition of high carbon steel 97.5 % with 2.5 % silicon carbide).
By reinforcing silicon carbide with carbon steel, the material
strength is increased. Fig. 8 shows that the comparison of compres-
sive strength of high carbon steel composites.

Fig. 7. Wear loss in percentages of crown pinion at 20 N.

Fig. 8. Comparison of compression result.

Table 2
Results of Compression Test.

Sample No. C.S Area (mm2) Load (KN) Load (N) Compressive Strength (N/mm2) / (MPa)

1 148.92 138.75 138,750 931.7082998
2 134.78 117.97 117,970 875.2782312
3 147.84 150.71 150,710 1019.412879
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4.3. Hardness test

Hardness is a material attribute, not a basic physical property. It
is defined as indentation resistance and is assessed by measuring
the permanent depth of the indentation. Simply said, when a con-
stant force (load) is applied to a specific indenter, the smaller the
indentation, the harder the material.The Vickers hardness test
method was referred in this study and applied load of 0.5 kgf for
the time of 10 s. The obtained results were tabulated in Table 3
and the variation has been highlighted in the Fig. 9. Comparatively,
the sample 3 (97.5–2.5 %) achieved greater hardness value than
other samples.

5. Conclusion

This investigation describes about the characteristics of high
carbon steel composite material that was proposed to crown pin-
ion gear in differential unit.The implementation of carbon steel
material has been raised in field of automobile to avoid component
failure due to heat. This present study shows the importance of
material selection for heavy duty application by investigating the
proposed materials (i.e., high carbon steel with reinforcement of
silicon carbide). The thermal analysis of wear test, structural anal-
ysis of hardness and compression were experimented. Compara-
tively, the material with presence of silicon carbide has achieved
better characteristics than other proportions. The targeted results
of experiment were described in above manuscript. However, the
better outcome has summarized as below:

� The wear resistance of high carbon steel in addition of 2.5 % SiC
achieved 0.098 % of material loss for maximum load 20 N.

� The maximum compression strength of 1019.41 MPa has
obtained for induced load of 150 kN.

� The maximum material hardness of 189.4 HV attained for com-
bination of carbon steel with 2.5 % SiC.
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APPENDIX I 

SIMULATION RESULTS 

Table A1. Results of Design with Elevation at Static Load Condition 

Material 

Deformation 

(mm) 

Equivalent Elastic Strain 

Equivalent stress 

(MPa) 

Normal Elastic Strain 

Normal stress 

(MPa) 

Sample A 0.026626 0.00041667 57.524 5.43E-05 21.965 

Sample B 0.019419 0.0003046 57.646 3.85E-05 21.432 

Sample C 0.019484 0.00030364 57.295 4.19E-05 22.973 

Sample C1 0.019404 0.00026946 57.431 4.04E-05 22.376 

Sample C2 0.019273 0.00030105 57.425 4.02E-05 22.402 

Sample C3 0.019143 0.00029899 57.419 4.00E-05 22.429 

Sample C4 0.019015 0.00029696 57.413 3.98E-05 22.455 

Sample C5 0.018889 0.00029496 57.407 3.96E-05 22.481 
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Table A2. Results of Design with Elevation at Tangential Load Condition 

Material 

Deformation 

(mm) 

Equivalent Elastic Strain 

Equivalent stress 

(MPa) 

Normal Elastic Strain 

Normal stress 

(MPa) 

Sample A 0.0031602 1.02E-04 13.138 1.23E-05 3.8894 

Sample B 0.0023046 7.41E-05 13.146 9.00E-06 3.8329 

Sample C 0.0023131 7.47E-05 13.123 8.97E-06 3.9959 

Sample C1 2.30E-03 7.42E-05 13.132 8.95E-06 3.9329 

Sample C2 0.0022877 7.37E-05 13.132 8.89E-06 3.9357 

Sample C3 0.0022723 7.32E-05 13.131 8.83E-06 3.9385 

Sample C4 0.0022571 7.28E-05 13.131 8.77E-06 3.9413 

Sample C5 0.0022422 7.23E-05 13.131 8.71E-06 3.9441 
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Table A3. Results of Design without Elevation at Static Load Condition 

Material 

Deformation 

(mm) 

Equivalent Elastic Strain 

Equivalent stress 

(MPa) 

Normal Elastic Strain 

Normal stress 

(MPa) 

Sample A 0.027498 0.00052653 70.917 6.25E-05 24.392 

Sample B 0.020061 0.00038527 71.341 4.44E-05 23.806 

Sample C 0.020112 0.00038306 70.132 4.80E-05 25.505 

Sample C1 0.020036 0.0003828 70.594 4.65E-05 24.845 

Sample C2 0.0199 0.00038015 70.574 4.62E-05 24.874 

Sample C3 0.019766 0.00037753 70.553 4.60E-05 24.903 

Sample C4 0.019633 0.00037495 70.533 4.57E-05 24.933 

Sample C5 0.019503 0.0003724 70.512 4.55E-05 24.962 

 



 
 

134 
 

Table A4. Results of Design without Elevation at Tangential Load Condition 

Material 

Deformation 

(mm) 

Equivalent Elastic Strain 

Equivalent stress 

(MPa) 

Normal Elastic Strain 

Normal stress 

(MPa) 

Sample A 12.383 0.0084481 843.57 3.27E-03 481.17 

Sample B 9.021 0.006203 851.09 2.38E-03 481.32 

Sample C 9.0835 0.0061058 829.66 2.40E-03 480.88 

Sample C1 9.0335 0.0061255 837.84 2.39E-03 481.06 

Sample C2 8.9729 0.006082 837.48 2.37E-03 481.05 

Sample C3 8.913 0.0060391 837.12 2.35E-03 481.04 

Sample C4 8.854 0.0059968 836.75 2.34E-03 481.03 

Sample C5 8.7957 0.005955 836.39 2.32E-03 481.03 
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