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1. INTRODUCTION

Continuous Variable Transmission (CVT) is an automatic transmission that can change seamlessly through a
continuous range of effective gear ratios. It has three major components comprising the primary and
secondary pulleys and the belt. The pulleys are made of two conical sheaves each. The primary pulley is the
one connected to the engine, also called the driving pulley. The secondary pulley also called the driven pulley
is attached to the drive shaft. The belt moves about these sheaves and transmits the work from the driving
pulley to the driven pulley. The major advantage of the CVT system is that the transmission ratio can be
changed without interrupting the torque output. CVTs are used in the vehicle industry like all terrain-vehicles
or snowmobiles, also scooters, and even some cars that work with a continuously variable transmission.

The CVT works on the principle of centrifugal force, hence there is a certain minimum engagement
speed to compensate for the idling of the engine. Slippage occurs either when engine speed is nearly equal to
engagement speed or at very high engine speed, because of which, friction is generated, factors such as these
are responsible for heat generation.

Heat generation is not desirable for the components inside CVT housing. The material properties of
the components depend on temperature. The temperature has an impact on the strength /elasticity of the drive
belt. Belts tend to lose their elastic property at a higher temperature. More slippage will occur due to less
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tension in the belt, giving rise to loss in transmission efficiency. Due to an increase in temperature, thermal
stresses develop in the components which reduces its service life.

In this paper, a CVT of an All-Terrain vehicle is taken and the simulation of the heat distribution from the
component is done using CFD software.

2. BACKGROUND

In the research study presented by Johannes Wurm and Mathias [2], the thermal effects within an enclosed
CVT is studied. The design of a commercially available CVT system was taken and measurements were
conducted on an engine test stand. Computational Fluid Dynamics (CFD) is used to compute heat transfer
and the flow conditions resulting from the pulley rotation and the belt movement. STARCCM+, a state-of-
the-art commercial software code. CFD codes were used to execute all simulations. A similar study
conducted by Patil et al. [1] wherein using Fourier’s law, the heat dissipation from the CVT increased by
increasing the heat transfer area. The total increase in area is 27.41%. Thermal conductivity of the sheaves
was increased by changing the material from steel to aluminium (Al MMC). These alterations resulted in a
drop of 10.4% in the temperature for the primary pulley and a drop of 8.55% in case of the secondary pulley.
B. Xiao et al. [3] conducted a study on change in heat transfer during forced air convection, in their study
they concluded that heat transfer coefficient increases with increase in air velocity.

3. METHODOLOGY

Design optimization of any component includes certain processes which ensure the successful working of the
setup. It always begins with physical testing of the previous design using experimental techniques to find
out the flaws. Then the setup is designed virtually and then the analyzing software is calibrated according to
the real-life setup. Optimization of the model begins from the next step,trying out various design
optimizations like fins, axial fan, and material alteration in this particular case. This new design is then
virtually analyzed to find out the exact improvement we were able to achieve. The process we are following
through in this case can be seen in Fig. 1.
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Figure 1. Methodology

3.1. Experimental Analysis

Infrared thermometers have been used to measure the temperature of all parts of CVT with respect
to changing time and temperature. The CVT is run for an hour and the data is measured in this time interval
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using a Tachometer and an infrared thermometer. The readings were taken when the engine reaches
maximum rotations. Average temperatures value was considered as the baseline sheave and belt
temperatures.

3.2. Reference Design

The reference design used for a heat flow analysis of CVT is Gaged GX9 CVT with Enduro 100 belt
on it. A detailed CAD model of the CVT is shown in Fig. 2.

The material for the belt and pulleys is considered to be Silicon Rubber and Aluminium 7075-T6
respectively. Belt failure occurs from200°F to 220°F according to the manufacturer.
Following are the specifications of CVT used:

- Primary pulley diameter: 6in (152.4mm)

- Secondary pulley diameter: 8in (203.2mm)

- V-Belt centre to centre distance: 10in (254mm)
- Total belt length: 33.85in (859.8mm)

3.3. Modifications

With increasing engine performance, loads on the CVT components rise as well. The power loss of
the transmission leads to high thermal loads and the resulting peak temperatures drastically reduce the life
span of the belt. To overcome this issue new designs which focus on improving the heat transfer and reducing
high-temperature zones need to be found.

Figure 2. Gaged GX9 CVT

The cooling of CVT can be achieved by modification of both CVT and the CVT casing. The
modifications made are then compared to the reference model (without any modifications).

1) CVT Modification: Heat is transferred predominantly by conduction and convection. As the belt is
continuously running between the drive and driven pulley, the temperature is generated due to friction
between surfaces. This leads to an increase in the surface temperature at pulleys and belts. An axial fan
is incorporated on the Primary pulley and various iterations of fin designs are done on the primary and
secondary pulleys. Simulations are conducted on thermal analysis of CFD software to understand
which is most efficient. The flow of air which is forced by the fan carries heat along with it as air
flows along with the CVT components, in this way forced convection takes place inside the housing.
Material is changed to Aluminium MMC T5 as it is known to have a very good thermal conductivity
with comparable strength to 7075-T6.

2 Casing Modification: A completely closed Casing is initially analysed using Flow Simulation and
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then using the flow results, required inlets and outlets for air to flow are provided to stimulate forced
convection in the system leading to further cooling.

4.  ANALYSIS AND RESULTS

4.1. Reference Study

In order to conduct the study and obtain a feasible/tangible/palpable result, an experiment was
conducted on a model of Briggs and Stratton engine and the Gaged GX9 CVT currently being used by the
SAEINDIA BAJA, Team Turbocrafters, SIES Graduate School of Technology. The setup of the experiment is
as shown in Fig. 3.

Figure 3. Setup

Wherein with the help of an infrared temperature sensor, baseline temperatures were observed and
further used in this research.The experiment indicated the maximum belt temperature to be 103.4 °C and
the corresponding maximum sheave temperature at around 94.2°C. The same design was analyzed on
CFD software.

4.2. Comparison Study

The experimentally observed temperatures and a standard GX9 CVT were analyzed on ANSY'S steady-state
thermal analysis. The entire setup was finely meshed and then was solved using the experimentally obtained
temperatures as boundary conditions. This yielded a similar pattern of temperature distribution as that of the
experiment. A detailed image of this analysis can be observed in Fig. 4. Analytically the maximum
temperature was 103.7°C and the sheave temperature of 96.6°C. This indicates the reliability of simulations
and analysis on CFD software.
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Figure 4. Thermsl Analysis of OEM CVT
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Here the material of sheaves being Al 7075-T6, with its coefficient of thermal conductivity as 130
W/mK [4] and coefficient of thermal convection as 91.75 W/m?K.

4.3. Stage |
According to Fourier’s law,

o1 ()

Material of the CVT was altered from Al 7075-T6 to Aluminium MMC-T5. Al MMC was chosen
considering its coefficient of thermal conductivity (k), coefficient of thermal convection (h) as well as the
yield strength of the material ~ in comparison to Al 7075. This increased the value of the coefficient of
thermal conductivity from 130 W/mK to 147 W/mK [1] [3][6][7]1[9][10].The setup was again fine meshed
and solved in same manner as before.

In this step the results from ANSY'S yields a decrease of approximately 5°C and 10°C for the sheaves and
the belt respectively. Observe Fig. 5.
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Figure 5. Thermal analysis of Al 7075 T6 CVT

The next step to consider is the physical property of the new material Aluminium MMC. The detailed
physical properties of both AlI7075 T6 and Al MMC T5 can be observed in table 1. The elastic modulus of
Al MMC T5 is much higher than that of Al 7075 T6 which means that Al MMC has a higher rigidity,
which means higher force is required to deform than 7075 T6. Also, as it can be observed, the UTS of
MMC is lower than 7075 T6. But as the setup is a belt drive, the UTS value is well over the required
margin.

Table 1. Mechanical and Thermal Properties of materials

Property MMC 7075 T6
Elastic Modulus 108.2 GPa 71.7 GPa
Ultimate Tensile Strength 320.6 MPa 572MPa
Thermal Conductivity 147 W/m-k 130 W/m-K
Specific Heat Capacity 0.798 J/ig-°C 0.96 J/ig-°C
Mass Density 2.75 glcc 2.81 glcc
Poisson’s ratio 0.33 0.33
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4.4. Stage Il

Integrating fin to accelerate the rate of heat transfer is a widely used method in the
industry, hence using fin calculation, fin effectiveness for 20 fins per sheave was incorporated. Al
MMC was selected for its excellent properties of thermal convection.

Fin length: 8.379%10-3m

Fin Effectiveness: 2.14
The updated design of the CVT is as shown in Fig. 6.
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Figure 6. Thermal analysis after incorporating fins

Similar CFD software simulations were conducted, the results for this study indicated 85.8°C and
86.7°C as the average temperature for the sheaves and the belt respectively.

4.5, Stage Il

The addition of a fan would introduce the phenomenon of forced convection to the study which was
originally limited, hindered, despite the vehicle running at high speeds, due to the CVT casing. An Axial
fan is installed which sucks in air from outside of the casing and circulates it throughout the casing. Flow
analysis using Solidworks flow simulation and a finely meshed assembly setup yielded temperatures of
80.3°C and 82.47°C for the sheaves and the belt respectively.

Figure 7. CFD Analysis conducted in SolidWorks flow simulation

The above figure shows the cut plot of temperature varia- tion along the cross-section of the belt, the
belt’s temperature ranges between 85°C to 94°C.
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4.6. Final Assembly

Figure 8. Final Assembly of the CVT with impeller and CVT Casing

The final assembly setup we achieved after extensive re- search and analysis can be observed in Fig.
8.This final setup consists of fins on the CVT sheaves, and an axial fan attached to the primary pulley. This
setup along with the casing created to provide perfect airflow makes our design the best.

4.7. Result

Table 2 shows all the temperature readings obtained from each stage of analysis. The first column
consists of the average temperature reading s obtained from practically running the vehicle for an hour and
then taking the readings using a temperature gun. Then similar conditions were created virtually on ANSYS
Workbench and was analysed to ensure the calibration of baseline data in virtual medium. Almost similar
results were obtained on ANSY'S workbench ensuring that fact. Next step was to analyse by changing only
the material of the CVT of which the results can be observed in the third column. Converting material to
MMC caused a reduction of about 6°c from basline temperature. Further reduction of about 10 degrees can be
observed in the temperature when fins are added into the sheaves. Next step includes the addition of an
impeller into the setup and modifying the CVT casing to induce forced convection. This again brought about
4-to-5-degree reduction in the temperature.

Table 2. Results

Experimentally Analytically 7075 to Al Fins Forced
(°C) (°C) MMC (°C) (°C) Convection (°C)
Belt 103.4 103.7 97.8 86.7 82.47
Sheaves 94.2 96.6 874 85.8 80.3

5. IMPLEMENTATION

A well-analyzed and better model of forced convection has been implemented on our Ares 2.0 ATV CVT
casing which consists of meshed aluminum sheet in the front providing proper inlet and specific holes in the
backplate along with the sheaves as an outlet. It has successfully provided us with a reduction of about 2 to 3
degrees. Implementations of further methods like fins on sheaves and impeller are currently being conducted
to obtain practical results.
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Figure 9. CVT Casing 2020 Ares 2.0

Figure 10. 2020 Ares 2.0

6. CONCLUSION

The step-by-step analysis of temperature variation of CVT and its improvisation techniques yielded
the best iteration of CVT along with its casing which will act as a thermally efficient substitute for Gaged
CVT GX9. Change of material to Al MMC-T5 led to about 7 °C reductions in the CVT temperature. Total
reduction of about 18°C was observed when the idea of fins was implemented on the secondary pulley. The
temperature reduction wouldn’t be as listed if the analysis were to be conducted with the CVT enclosed in its
casing. The fan introduces forced convection which maintains a cool temperature and yields consistent
results. Overall using all these setups, we were able to bring the temperature of belt as well as the pulley
sheaves well below the temperature of 200°F(93.3°C) suggested by the manufacturers.

ACKNOWLEDGEMENTS

This research was supported by Team Turbocrafters, SIES Graduate School of Technology. We
would like to thank them for letting us conduct the experiments on the Gaged GX9 CVT as well as the B&S
engine. The support and interest of the team is gratefully acknowledged.

An Approach to Improvement in Heat Flow Analysis of Continuously Variable Transmission (CVT) (Vishnu P A)



224 a ISSN: 2737-807

REFERENCES

[1] M. U. Patil, K. Bharadwaj, and S. Sathwick, “A Study of Cooling of Continuously Variable Transmission
(CVT),” Int. J. Innov. Res. Sci. Eng. Technol. (An I1SO, vol. 3297, no. 11, pp. 19129-19136, 2007, doi:
10.15680/1JIRSET.2016.0511075.

[2] Wurm, J., Fitl, M., Gumpesberger, M., Vaisénen, E., & Hochenauer, C. (2017). “Advanced heat transfer analysis
of continuously variable transmissions (CVT).” Applied Thermal Engineering, vol. 114, pp. 545-553, Jan. 2017.

[3] B. Xiao, G. Wang, Q. Wang, M. Maniruzzaman, R. D. Sisson, and Y. Rong, “An experimental study of heat
transfer during forced air convection,” Journal of materials engineering and performance, vol. 20, no. 7, pp.
1264-1270, 2011.

[4] MatWeb.Aluminum 7075-t6; 7075-t651. [Online]. Available:
http://www.matweb.com/search/DataSheet.aspx?MatGUID=4f19a42be94546b686bbf43f79c51h7d

[5] Karthikeyan, N., Gokhale, A., & Bansode, N. (2014). A Study on Effect of Various Design Parameters on
Cooling of Clutch for a Continuously Variable Transmission (CVT) System of a Scooter (No. 2014-01-2595).
SAE Technical Paper.

[6] S. V. Dhongde and V. Chandran, “Experimental study of cooling of continuously variable transmission (CVT) in
scooter,” in SAE Technical Papers, 2014, vol. 2, doi: 10.4271/2014-01-2003.

[7] A. L. Vaishya, “Experimental Investigations of Forced Air Cooling for Continuously Variable Transmission (
CVT),” 2018.

[8] P. Sivakumar, P. Appalaraju, T. S. K. Reddy, Y. J. Kumar, and K. V. Babu, “Steady state thermal analysis of
continuous variable transmission with extended surfaces,” vol. 8, no. 2, pp. 1147-1156, 2018.

[9] Dayal, N., Bhardwaj, V., Singh, M. and Saini, R., 2020. CVT Cooling of a BAJA All-Terrain Vehicle (No. 2020-
28-0020). SAE Technical Paper.

[10] Ishikawa, T., Murakami, Y., Yauchibara, R., & Sano, A. (1997). The Effect of Belt-Drive CVT Fluid on the Friction
Coefficient Between Metal Components. SAE Transactions, 106, 1290-1297. from http:/Aww.jstor.org/stable/44731648

Int J Eng & App Phy, Vol. 1, No. 3, September 2021: 216 - 225



Int J Eng & App Phy ISSN: 2737-8071 O 225

BIOGRAPHIES OF AUTHORS

VISHNU P A is currently a student of Mechanical Engineer at S.I.E.S Graduate School of
Technology, Navi Mumbai, India. He is currently working on developing a vehicle
differential. His research areas are system dynamics, manufacturing, and computational
methods in engineering He held the role of Drivetrain Head as well as Statics and
documentation head at Team Turbocrafters (part of intercollegiate club SAE INDIA) and has
worked on the design, fabrication and testing of Drivetrain components of an ATV. He also
has done various research on topics related to CVT and differentials and gearboxes. He may
be reached at vishpa4399@gmail.com

SAMARTH H. PATIL is currently a student of Mechanical Engineer at S.I.E.S Graduate
School of Technology, Navi Mumbai, India. He is working on developing a vehicle
differential. His research areas are system dynamics, manufacturing, and computational
methods in engineering. He held the role of Drivetrain Head as well as Team Manager at
Team Turbocrafters (part of intercollegiate club SAE INDIA) and has worked on the design,
fabrication and testing of Drivetrain components of an ATV. He was also a part of Go-kart
team of S.I.E.S. GST. He may be reached at samarthpatil2120@gmail.com

RISHAB KANNAMVAR is currently a student of Mechanical Engineer at S.I.E.S Graduate
School of Technology, Navi Mumbai, India. He is currently working on conditioning
monitoring of an IC engine using system dynamics. His research areas are system dynamics,
manufacturing, and computational methods in engineering. He held the role of Brakes Sub-
ordinator in Team Turbocrafters (part of intercollegiate club SAE INDIA) and has worked
on the design, fabrication and testing of Brakes in an ATV. He has internships in reputed
organizations like AIR INDIA Engineering and Central Railway Ltd. He may be reached at
rishabrk11@gmail.com

PRADIP P. PATIL is currently as Associate Professor at SIES Graduate School of
Technology, Navi Mumbai, India. He received his Ph.D. production engineering from
Mumbai University, India. He has more than 15 publications to his credit in various
international journals, and national and international conference proceedings. His research
areas are manufacturing processes modelling and computation, strategic manufacturing,
Condition monitoring, and robotics. He is also a reviewer for various national and
international journals. He may be reached at pradipp@sies.edu.in

An Approach to Improvement in Heat Flow Analysis of Continuously Variable Transmission (CVT) (Vishnu P A)




