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Abstract - This study aims to employ reverse engineering in 
the development of the Yamaha CY 80 motorcycle clutch hub 
using end-of-life (EOL) aluminium alloy obtained from 
automotive vehicle scraps. The remanufactured motorcycle 
clutch hub underwent characterization and transient 
thermal analysis by integrating the geometric and structural 
features of the clutch hub. The EOL aluminium was 
thoroughly washed with a sodium hydroxide (NaOH) 
solution, cleaned with running water, and dried under 
sunlight to remove impurities trapped on the metal surfaces. 
The EOL aluminium alloy was melted in a gas furnace, and the 
molten metal was cast into the clutch hub using a permanent 
mold designed with the geometric features and 
characteristics of the Yamaha CY 80 motorcycle clutch 
hub. The EOL aluminium alloy was characterized using 
Fourier transform infrared (FTIR) spectroscopy and scanning 
electron microscopy-energy dispersive spectroscopy (SEM-
EDS). The remanufactured CAD model of the Yamaha CY 
80 motorcycle clutch hub was subjected to transient thermal 
analysis using ANSYS Workbench to predict the thermal 
behavior of the clutch hub during operation. The FTIR 
spectra exhibited the following distinctive bands: Al-O 
stretching modes in octahedral and tetrahedral 
structures, as well as symmetric bending of Al-O-H, with 
wavenumbers between 340 and 3131 cm-1 for -OH bonds and 
between 2109 and 1688 cm-1 for H-O-H bonds. The 
SEM-EDS micrographs indicated that the two main 
elements were bromine and silicon. Results from the transient 
thermal analysis indicated that the minimum and maximum 
temperatures were 40.109 °C and 250.09 °C within a time 
frame of 240 seconds. The maximum total heat flux was 
30,271,000 W/m2. The compressive yield strength and 
tensile yield strength obtained in this study were 280 MPa, 
while the ultimate tensile strength was measured at 310 MPa. 
The alternating stress levels ranged from 62.05 MPa to 275.8 
MPa. This study established that the material is 
susceptible to fatigue failure, as the alternating stress 
levels were below the material’s yield strength of 280 MPa. 
Keywords: Reverse Engineering, End-Of-Life 
(EOL) Aluminium Alloy, Transient Thermal Analysis, 
Fourier Transform Infrared (FTIR) Spectroscopy, Fatigue 
Failure 

I. INTRODUCTION

In the CY80 Yamaha motorcycle, the clutch hub is one of 
the 24 components in the clutch assembly that functions 
as the clutch. These components are enclosed within the 
clutch basket, as shown in Fig. 1. The clutch hub is made 
from an aluminium alloy capable of withstanding thermal 
stresses. 

Fig. 1 The CY 80 motorcycle Clutch hub assembly

Several studies have examined the behavior of clutch hubs 
during service. Patil and Jeyakarthikeyan [1] investigated 
how mesh size affects the tensile results of clutch hubs. They 
observed that strain ratios varied with different mesh 
dimensions and found that the accuracy of finite element 
method results is directly influenced by mesh shape and 
size. Liu et al., [3] conducted five finite element 
analyses and tested the structural strength of the clutch hub, 
observing that failure occurred in the welding regions. In a 
different study, ABAQUS and INDEED software were 
used to examine the structural strength of the clutch hub, 
with results being fairly similar [4]. 

Gul et al., [5] assessed the resistance of the clutch disc hub 
by performing an experimental Charpy test, finding 
similarities between the FEA-defined clutch hub disc 
geometry and the experimental Charpy test. Using FEA, 
torque, and analytical pressure calculations, they evaluated 
the clutch disc hub’s resilience to develop durability 
hypotheses for real driving conditions. FEA results indicated 
that the maximum principal stress occurred at the contact 
points where pressure is applied. These findings were 
compared to damage locations from bench tests, where 
cracks and breaks were observed. Post-test damage analysis 
was conducted to examine fractures. This study allowed for 
the use of varying hub geometry and different dynamic hub 
resistance assumptions [6]. 

Another study proposed a technique for plastic-forming with 
vibration assistance, examining how this method affects the 
clutch hub forming process. Experiments were conducted on 
a hydraulic extrusion press with adjustable vibration 
frequency and amplitude. When assessing the effect of 
vibration on forming load and surface quality, both frequency 
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and amplitude were considered. The results demonstrated 
that vibration can significantly reduce forming force and 
improve surface quality [7]. Seung Gyu et al., [8] 
investigated a drum clutch formed through five processes: 
first deep drawing, second deep drawing, restriking, 
embossing, and Grob™. They found that the accuracy of the 
pre-form significantly influences the finished product’s 
dimensional precision.  

The deep drawing, restriking, and embossing techniques used 
to create the pre-form are critical. Excessive strain during 
these processes sometimes led to dimensional errors and 
cracks starting from the product’s base and wall. Process 
factors, such as punch angle, were selected to assess 
deformation characteristics. The optimal parameters were 
found using DEFORM commercial FEM codes and the 
Taguchi method for metal forming simulations. Roll die 
forming (RDF) was used to manufacture the clutch hub and 
drum. The material strain field and final product dimensions 
were analyzed using finite element (FE) analysis. RDF 
experiments confirmed the dimensional accuracy of the final 
product. This research demonstrated that RDF can produce a 
reliable clutch hub [9]. 

Purohit et al., [10] discussed using SolidWorks Office 
Premium to design a friction clutch assembly. Static 
structural analysis was conducted using ANSYS software. 
The design was iteratively improved based on equivalent 
stress, total deformation, and factor of safety until a safe 
design was achieved. The analysis used the uniform wear 
theory, with cast iron, spring steel, and structural steel chosen 
for the pressure plate, clutch plate, and diaphragm spring, 
respectively. The friction material was assumed to be molded 
asbestos against a cast iron or steel surface. A two- and three-
dimensional finite element approach was used to investigate 
a pressure plate under three main load conditions: thermal 
loading, centrifugal force, and contact pressure. The findings 
demonstrated the significance of thermal loading and contact 
pressure on the design improvement of the pressure and hub 
plates. 

Barve and Kirkire [12] designed a clutch assembly using Pro-
E software and conducted a structural study using ANSYS. 
Modal analysis was used to adjust the natural frequency of 
the single-plate friction clutch, ensuring it did not resonate 
with the engine’s frequency spectrum. The study showed 
good agreement between the reduced model and the original 
model’s natural frequencies. 

Dhumale and Kamble [13] used CATIA to examine the 
clutch hub design and performed a static structural analysis 
using ANSYS. ABS material was used due to its high 
strength-to-weight ratio, and its performance under high 
torque was tested. The study demonstrated the effective 
operation of the clutch hub through static structural analysis. 
Another study calculated the forces and stresses acting on the 
clutch and the vehicle’s motion to prevent failure under 
typical conditions. CATIA was used for model design and 
ANSYS for CAD model simulation [14]. 

Abdullaha et al., [15] employed the finite element method to 
numerically simulate the friction clutch system during 
engagement, assuming no slippage between contact surfaces. 
Two distinct load situations - contact pressure and centrifugal 
force - were considered. Numerical calculations were carried 
out using ANSYS R13. ABS material was used to develop 
the clutch hub, an engineering plastic chosen for its low 
production cost and ease of machining. The study established 
that ABS was effective for producing clutch hubs [13]. 

According to [10], the pressure plate, diaphragm spring, and 
clutch plate of the clutch system were made of structural 
steel, cast iron GS-70-02, and spring steel, respectively. 
Madhuraj and Bharath [16] recommended using En-GJS-
400-15, a ductile cast iron material, as an alternative to the
commonly used cast iron alloys, such as FG300 and G2500,
for the clutch pressure plate component.

Automotive manufacturing processes employ a wide range of 
metal-forming techniques. Traditionally, tool design relied 
on trial-and-error methods and the expertise of die 
manufacturers. First deep drawing, second deep drawing, 
restriking, embossing, and Grob™ operations were used to 
form a drum clutch in five stages [17]. Pre-form accuracy in 
these stages significantly affects the final product’s 
dimensional accuracy. Excessive strain during these steps 
can lead to dimensional errors and cracks at the product’s 
base and wall. Commercial finite element codes, such as 
DEFORM-2D, were used to optimize forming parameters, 
confirmed through drum clutch forming trials. 

Park et al., [17] applied the Taguchi method and FE 
simulation (FORGE-3D) to identify optimal manufacturing 
conditions for the drum clutch hub’s spline. The significant 
factors influencing spline development were analyzed, and 
an experiment was conducted to validate the effectiveness of 
the optimal settings. Another study examined process 
variables such as initial blank thickness and punch entrance 
angle on the clutch hub’s cold extrusion process. FE analysis 
and experiment results demonstrated that optimal parameters 
can effectively reduce forming load and improve internal 
spline fillet filling. The cold extrusion process was used to 
create a clutch outer gear hub [20]. 

Various methods have been used to cast aluminium alloys, 
such as centrifugal casting [21]-[23], direct metal casting in 
permanent molds [24]-[26], squeeze casting [27]-[32], and 
stir casting [23], [33]-[38]. This study aims to remanufacture 
a CY80 Yamaha motorcycle clutch hub, characterize the end-
of-life (EOL) aluminium alloy used as material, and conduct 
transient thermal analysis using ANSYS R18.0. 

II. MATERIALS AND METHODS

A. Materials

The end-of-life automotive aluminium scraps used in this 
study were obtained from mechanic workshops and scrap 
yards in Ughelli, Delta State, Nigeria.  
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B. Method 
 
The end-of-life automotive aluminium scraps were washed 
using soap and thoroughly sun-dried before being melted in 
the furnace.  

1. The Permanent Mould Casting: The permanent mold 
casting of the CY 80 motorcycle clutch hub was 
accomplished using the steps outlined in Figure 2. 

 

 
Fig. 2 Metal Casting process 

 
2. Pattern  and Core Making: The pattern and core of the mold were made of plaster of Paris, as shown in Figure 3.  
 

 
Fig. 3 The pattern and core for the clutch hub mould 

 
3. Moulding: The permanent mold is made of brass, as shown 
in Figure 4. The mold consists of at least two parts: the two 
mold halves and the cores used to create intricate features. 
 

 
Fig. 4 The permanent mould made from brass for the clutch hub 

 
4. Melting and Pouring: The melting and pouring were 
performed in an electrically controlled, gas-fired crucible 
furnace, as shown in Figure 5. 

 
Fig. 5 Electrically operated gas crucible furnace 

 
C. Material Characterisation 
 
The End-of-Life aluminium alloy was subjected to the 
following characterization techniques: Fourier Transform 
Infrared Spectroscopy (FTIR) and Scanning Electron 
Microscopy-Energy Dispersive Spectroscopy (SEM-EDS). 
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1. FTIR

The spectra in FTIR of the End-of-Life aluminium alloy were 
obtained using a Fourier Transform Infrared spectrometer 
(CARY 630, Agilent Technologies, USA) by thoroughly 
mixing and pelletizing approximately 10 mg of the End-of-
Life aluminium alloy with finely ground KBr to obtain a 
transparent disc. The pelletized samples were then placed on 
the IR path. Thirty scans were collected for each 
measurement in the spectral range of 4000-650 cm-1 at a 
resolution of 8 cm-1. 

2. SEM-EDS

The morphology of the End-of-Life aluminium alloy was 
observed using a Phenom ProX SEM-EDS (Phenom-World, 
Eindhoven, Netherlands) with an acceleration voltage of 10 
kV and a field of view (FOV) of 537 µm. The surfaces of the 
samples to be examined were made conductive by palladium-
gold sputtering. 

D. CAD Design/Model

A model of the CY 80 clutch hub was designed using 
SolidWorks, with the requisite dimensions measured using 
appropriate calipers. Figure 6 depicts the CAD model 
generated with SolidWorks, while Figures 7 and 8 show the 
dimensions of the remanufactured clutch hub. 

Fig. 6 A CAD Model of the CY80 motorcycle Clutch Hub 

Fig. 7 Detailed Design with Dimensions of the Top and Side views 

Fig. 8 Detailed Dimensions of the inner clutch hub and a section 
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E. The Pouring Process  
 
The pouring temperature of aluminium ranges from 650 °C 
to 700 °C. Before pouring, the mold is properly positioned at 
the mouth of the furnace. The images of these unmachined 
clutch hubs are shown in Figure 9. 
 

 
Fig. 9 The CY80 motorcycle Clutch Hub before machining and finishing 

 
F. Machining 
 
The remanufactured clutch hub was machined to a finish on 
a lathe machine. Figure 10 shows the machined CY80 

motorcycle clutch hub, remanufactured using End-of-Life 
aluminium alloys from scrap automotive parts. 
 

 
Fig. 10 CY 80 motorcycle clutch hub after machining and finishing 

 
III. RESULTS AND DISCUSSION 

 
A. Fourier Transform Infrared Spectroscopy (FTIR) 
 
The FTIR spectra of the End-of-Life (EOL) aluminium 
sample are depicted in Figure 11. Thirty scans were collected 
for each measurement in the spectral range of 4000 to 650 
cm⁻¹ at a resolution of 8 cm⁻¹. The complete assignment of 
the absorption bands in the measured IR spectra is 
summarized in Table I. 

 

 
Fig. 11 FTIR Spectra of the Aluminium alloy 

 
TABLE I THE COMPLETE ASSIGNMENT OF THE ABSORPTION 

BANDS IN MEASURED IR SPECTRA 

Assignment Wave Number 
(cm-1) 

-OH bonds 3406-3131 
H-O-H bonds𝛿𝛿𝑠𝑠𝐴𝐴𝐴𝐴 − 𝑂𝑂 − 𝐻𝐻 mode of 
boehmite and the bands 2109-16881982 

𝐴𝐴𝐴𝐴 − 𝑂𝑂 bonds of boehmite 842, 749 
𝐴𝐴𝐴𝐴 − 𝑂𝑂 stretching mode in octahedral 
structure 689 

𝐴𝐴𝐴𝐴 − 𝑂𝑂 stretching mode in a tetrahedron 
and symmetric bending of 𝐴𝐴𝐴𝐴 − 𝑂𝑂 − 𝐻𝐻 749-1002 

 

B. Scanning Electron Microscopy Energy Dispersive 
Spectroscopy (SEM-EDS) 
 
Bromine and silicon were the two main elements observed in 
the micrograph, as indicated by the SEM-EDS results for the 
two image scans reported in Figures 12 and 13. 
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Fig. 12 SEM-EDS for the Aluminium alloy 

Element 
Number 

Element 
Symbol 

Element 
Name 

Atomic 
Conc. 

Weight 
Conc. 

35 Br Bromine 55.61 78.70 
14 Si Silicon 29.32 14.59 
9 F Fluorine 12.76 4.29 

27 Co Cobalt 2.32 2.42 

Fig. 13 SEM-EDS for the Aluminium alloy 

Element 
Number 

Element 
Symbol 

Element 
Name 

Atomic 
Conc. 

Weight 
Conc. 

35 Br Bromine 42.08 62.99 

14 Si Silicon 52.06 27.39 
38 Sr Strontium 5.86 9.63 

The presence of cobalt in the aluminium alloy improves 
resistance to hot corrosion and thermal fatigue. Cobalt has a 
higher melting point than iron and nickel. The inclusion of 
bromine in aluminium alloys leads to the formation of 
aluminium bromide, which is used for electroplating 
aluminium. This process produces a finish that is shiny, thick, 
adherent, and smooth. Additionally, the incorporation of 
silicon into aluminium enhances fluidity and lowers the 
melting temperature, facilitating the manufacturing of 
castings. 

C. Transient Analysis of the CY 80 Motorcycle Clutch Hub

The motorcycle clutch hub design was subjected to transient 
analysis. The element type selected for the CY 80 motorcycle 
clutch hub is SOLID186, which was implemented in the 
ANSYS Workbench program. The 3D model of the CY 80 
motorcycle clutch hub was developed using SolidWorks. The 
3D meshed model consists of 42,981 nodes and 26,218 
elements. The mass and volume of the remanufactured clutch 
hub are 0.23198 kg and 8.3749e-005 m³, respectively. The 
initial temperature was set to 22 °C. Table II presents the 
results obtained for compressive yield strength, tensile yield 
strength, and tensile ultimate strength of the clutch hub. 
Figure 14 illustrates the isotropic thermal conductivity of the 
clutch hub, which increases with an increase in temperature.  

TABLE II MECHANICAL PROPERTIES OF THE CLUTCH HUB 
AFTER TRANSIENT ANALYSIS 

Property Value 
Compressive Yield Strength 2.8e+008 Pa 
Tensile Yield Strength 2.8e+008 Pa 

Tensile Ultimate Strength 3.1e+008 Pa 

Fig. 14 Isotropic Thermal conductivity
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Table III presents the fatigue data for the developed 
motorcycle clutch hub. A material subjected to alternating 
stress may experience fatigue failure at stress levels below its 
yield strength. In spectral loading, the maximum and 
minimum stresses vary over time and may be arbitrary. Table 
IV displays the temperature and time scales for the transient 
thermal analysis conducted on the clutch hub. 
 
TABLE III FATIGUE DATA OF THE MOTORCYCLE CLUTCH HUB 

Alternating Stress MPa Number of Cycles R-Ratio 
275.8 1700 -1 
241.3 5000 -1 

206.8 34000 -1 
172.4 140000 -1 
137.9 800000 -1 

117.2 2400000 -1 
89.63 55000000 -1 
82.74 100000000 -1 

170.6 50000 -0.5 
139.6 350000 -0.5 
108.6 3700000 -0.5 

87.91 14000000 -0.5 
77.57 50000000 -0.5 
72.39 100000000 -0.5 

144.8 50000 0 
120.7 190000 0 
103.4 1300000 0 

93.08 4400000 0 
86.18 12700000 0 
72.39 100000000 0 

74.12 300000 0.5 
70.67 1500000 0.5 
66.36 12000000 0.5 

62.05 100000000 0.5 
 

The minimum temperature of the transient thermal analysis 
is 40.109°C, while the maximum temperature is 250.09°C 
within a time frame of 240 seconds, as indicated in Table IV. 

 
TABLE IV TRANSIENT THERMAL ANALYSIS DATA OF THE 

CLUTCH HUB 
Time [s] Minimum [°C] Maximum [°C] 

2.4 40.109 250. 

3.2 48.915 250.24 
3.6403 54.563 250.19 
4.0806 60.775 250.17 

4.5667 67.874 250.15 
5.6573 82.889 250.13 
6.9556 97.736 250.11 

8.5466 111.2 250.1 
10.705 122.96 

250.09 13.401 131.49 

16.096 136.33 
18.792 139.21 

250.08 

21.488 140.82 

24.184 141.73 
26.88 142.24 

29.576 142.54 

32.271 142.7 
40.359 142.85 
64.359 142.91 

88.359 

142.92 

112.36 
136.36 

160.36 
184.36 
208.36 

224.18 
240. 

 

 
Fig. 15 Temperature Distribution of the Clutch hub (Side view) 
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Figures 15-17 illustrate the temperature distribution on the 
clutch hub during the 240-second interval. The figures 
indicate that the clutch hub developed using End-of-Life 
aluminium is safe at temperatures below 250°C. The 
minimum temperature distribution on the clutch hub, as 

shown in Figures 15-17, is 142.02°C, whereas the maximum 
temperature is 250.08°C. Figure 18 presents the total heat 
flux of the clutch hub, with the maximum total heat flux 
reported as 30,271,000 W/m². 

Fig. 16 Temperature Distribution of the Clutch hub (Top view) 

Fig. 17 Temperature Distribution of the Clutch hub (Bottom view) 

Fig. 18 Total Heat Flux of the Clutch hub
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V. CONCLUSION 
 
In this study, several key conclusions were drawn. First, the 
complete assignment of absorption bands in the measured 
FTIR spectra, summarized in Table I, revealed characteristic 
bands, including -OH bonds at wavenumbers ranging from 
3406 to 3131 cm⁻¹, H-O-H bonds between 2109 and 1688 
cm⁻¹, and Al-O stretching modes at 689 cm⁻¹ in the 
octahedral structure and between 749 and 1002 cm⁻¹ in the 
tetrahedral structure, alongside symmetric bending of Al-O-
H. The SEM-EDS micrographs of two image scans, depicted 
in Figures 12 and 13, showed that bromine and silicon were 
the predominant elements. In the first scan, bromine had an 
atomic concentration of 55.61% and a weight concentration 
of 78.70%, while silicon had an atomic concentration of 
29.32% and a weight concentration of 14.59%. In the second 
scan, bromine’s atomic concentration was 42.08% with a 
weight concentration of 62.99%, and silicon’s atomic 
concentration was 52.06% with a weight concentration of 
27.39%. Additionally, fluorine and cobalt were detected in 
the first scan with atomic concentrations of 12.76% and 
2.32%, respectively, while strontium appeared in the second 
scan with an atomic concentration of 5.85%. For the finite 
element analysis (FEA) of the CY 80 motorcycle clutch hub, 
SOLID186 elements were selected and implemented using 
the ANSYS 19.1 workbench, with the 3D model developed 
in SolidWorks. The meshed model had 42,981 nodes and 
26,218 elements. Compressive and tensile yield strengths 
were both measured at 280 MPa, while the ultimate tensile 
strength was 310 MPa. The isotropic thermal conductivity 
increased with temperature, and despite alternating stresses 
ranging from 62.05 MPa to 275.8 MPa, they remained below 
the yield strength, ensuring no fatigue failure. In the transient 
thermal analysis, the minimum temperature was recorded at 
40.109°C, while the maximum reached 250.09°C. On the 
clutch hub, the temperature distribution ranged from 
142.02°C to 250.08°C, and the maximum total heat flux was 
calculated to be 30,271,000 W/m². 
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