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Abstract:

In India, domestic two-wheeler sales rise to 21.18 million units annually. Every average citizen prefers a
two-wheeler. Often their bike gets stuck due to bumpy roads and mud, and due to less traction, the rear
wheel starts spinning, in such situations either they have to push the bike or ask for help there are many
off-road bikes available on the market, but they are too expensive. Once again, in this project, we faced a
problem When a bike is stuck in mud or in a hole, the driver’s legs are stuck on the ground to stop. In such
conditions, the bike has to downshift to transfer more torque and power to the wheel, while the driver is in
the mud it is difficult to lift his foot and change gear, with one leg on the gear shift can lose his balance
and may have an injury. the Dynamic simulation model of an independent rear two-wheel electric vehicle
was built by Matlab &ScilLab Simulink software. BLDC motors were used in both drive wheels. The

motor vector control algorithm and slip ratio differential control strategy are presented in this document.

Keywords —Vehicle dynamics,Modelling, simulation, Intelligent transportation systems,All Wheel Drive

(AWD) Electric system, Brushless dc Hub Motor(BLDC)

sk skttt stk ok stk ok koo koo koo skokoskok

LINTRODUCTION

Most EV motorcycles can't climb hills easily; it
takes a long time to get on hilly roads compared to
the highway because the engine inside is not very
efficient to give them power. [1] This paper
presents a Skylab with a Matlab blueprint and
simulation of an electric motorcycle with an
automatic gearshift design with an entire EV
assembled to smoothly climb the EV motorcycle up
a hill. [2] We have chosen the hero bike which is
the best-selling motorcycle in India and converted it
to an electric motorcycle with 82.54% efficiency in
the FTP 75 Drive system. [3] Theoretical
calculations and analysis of the electric motorcycle
performance are performed to achieve a desired
highly efficient electric motorcycle. [4]

The traditional rear-wheel drive motorcycle uses
chains to transmit power from the engine to the rear

wheel. But their applications are limited. The load
capacity is limited. Climb ability is also limited as
there is torque only on the rear wheel. [5] If the rear
wheel slips, the vehicle will not move. This
concludes that conventional motorcycles cannot be
used comfortably uphill on steep roads, along
muddy roads, on desert roads, on farmland, on
mountains, etc. These motorcycles are also not
suitable for off-road and adverse terrain. [6]

It's evident from the fact that a decade ago two-
wheel drive motorcycles were limited to dirt racing
and mountain racing. [7] But now they are sought
after for agricultural and military applications, and
more and more companies are showing interest in
the two-wheel drive system on motorcycles. [8]

These vehicles do not fully exploit the fact
potential of AWD motorcycles. Not being designed
for intelligent management of the drive torque, they
are unable to adapt the latter between the two
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wheels in various complex dynamic conditions. [9]
The modulating distribution of torque between the
wheels will give the designer greater control over
the  vehicle's performance and handling
characteristics; this will be demonstrated in the
paper in a simulation scenario, where the analysis
of a typical curve will show how the advantages
and disadvantages of AWD could be improved and
mitigated, respectively by modulating the torque
between the advantages and the traction hitches. [10]
Available on the normally lowered wheel to
improve acceleration and cornering stability, reduce
the tendency of the rear wheel to slip, and apply
useful thrust in the direction desired by the rider.
[11] Testimonials from experienced pilots highlight
these characteristics. The availability of adequate
mathematical tools capable of capturing and
describing these phenomena would facilitate the
engineering development of such vehicle migration
assessments for these new traction solutions. [12]
This work aims to be the first step in a broader
research work, which develops a model capable of
laying the foundations for subsequent investigations
of adequate control techniques that AWD can take
advantage of the motors can be housed in the wheel
assemblies of the vehicle bringing undoubted
advantages such as a precise and rapid torque
response, accurate control of the driving torque, and
the possibility of obtaining useful information on
the angular speed and on the torque of the wheel by
measuring the electric current absorbed by the
motor. [13-15]

ILMETHODOLOGY

The concept of two-wheel drive motorcycles has
not been implemented successfully and
economically A two-wheel drive motorcycle is
desirable in situations where there are rough terrain
and high-grade roads that are tiring and difficult to
ride with wheeled motorcycles. [16] A convertible
motor to the front and rear wheels of the bike
makes them EV drive. The lightweight "all
mechanical system" is used to guide the sensations.
Under optimal traction conditions, the rear wheel is
actually driving faster than the front wheel, and the
one-way clutch within the system allows the front
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wheel to spin freely under these conditions. [17] At
this point, the two-wheel drive system is effectively
passive. Although the front-wheel drive system is
spinning, it's not actually transferring power to the
front wheel. [18] When the rear wheel loses traction,
the gear ratio, relative to the forward speed,
changes. The two-wheel drive system engages by
transferring power to the front wheel until traction
is restored to the rear wheel. [19]

The AWD system (which powers the front wheel)
is operated at a slightly slower speed than the rear
wheel (approximately 80%). [20] Under optimal
traction conditions, the rear wheel is actually
driving faster than the front AWD system. [21]
One-way clutches inside the front hub allow the
front wheel to rotate freely under these conditions.
At this point, the AWD system is effectively
passive. [22-23] Although the front AWD system is
spinning, it is not actually transferring power to the
front wheel. When the rear wheel loses traction, the
gear ratio, relative to the forward speed, changes.

The front wheel should be assigned a higher gear
ratio than the rear wheel, i.e. the front wheel rotates
at a slower speed than the rear. [24] This condition
is given to have a differential effect when the bike
is making a turn. When a bike makes a turn, the
bike turns relative to a point on the ground. [25]
This way the front wheel will be turned at an angle
to the bike and the rear wheel will be in line with
the bike. If the front wheels drive faster than the
rear wheels, the vehicle will experience a traction
effect. [26] This will make it uncomfortable for the
rider to correct balance when cornering. A faster
rear wheel will also give directional stability when
cruising at high speed. [27] Since the front wheel is
at a lower speed, freewheels are used to prevent
skidding. A freewheel is a clutch with the ability to
transfer power only in one direction. [28] Therefore,
under optimal traction conditions, the rear wheel is
actually driving faster than the front AWD system.
One-way clutches inside the front hub allow the
front wheel to rotate freely under these conditions.
[29]At this point, the AWD system is effectively
passive and no power will be transmitted to the
front. So the bike will act as an RWD vehicle. Thus
the fuel consumption will not increase. [30] The
way auto-shift works is like unpacking a bike
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downhill. The driver needs a peel, but due to
gravity (which acts like rear-wheel drive), traveling
faster than you are delivering power. When you get
to the bottom of the hill and slow down (similar to
what happens when the rear wheel spins), you will
start giving power to the bike again. So only when
the rear wheel loses traction on the road (the rear
wheel simply spins without moving the vehicle)
should the front wheel engage and drive the vehicle.
Therefore, the AWD system is activated only when
required. [31]

III. MODELING AND SIMULATION

The selection and operation of the components
will be assumed as a brushless dc hub motor with
torque of 30Nm, an electric current of 31.25 Amp,
the electric potential of 48 Volt, power of 1500
watts, motor power of 4500 RPM, and Li-ion
battery pack. 240-cell lithium with 12 series 20
configurations in the parallel, electric charge of 60
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->Motor Useful Power=2*pi*Motor
Speed(rpm)*Motor torque(Nm/A)/60

->Battery Power(Watts)=Motor
Controller Efficiency (%)

->Battery Capacity(Wh)=Power per Km(Wh/km)

Power/Motor

*Range(km)

->Battery C-rate(C)=Battery Discharge
Current(A)/Nominal Capacity of Battery(Ah)
->State  of Charge (%) =100%(+ or -)
integral(Current(A)/3600*Battery Capacity(Ah)) dt
->Motor Torque(Nm/A) =Wheel

Torque(Nm)/Gear Ratio*Transmission Efficiency

Calculations &Assumptions: -

Gross Vehicle Mass(GVM)=324.775Kg

Gross Vehicle Weight(GVW)=GVM*g (g=9.81)
Radius of the Wheel=0.217m Coefficient of rolling
friction=0.2

Aerodynamic force=148.011N (Drag
coefficient=0.8, Frontal Area=1.087m"2, Density of
Air=1.225, Velocity=16.67m/s)

Ah, and the capacity of 3kWh. We achieved 82.54% Tractive Force=785.219N

efficiency in the FTP 75 Drive system. [32]
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Fig. 1 Simulation Modelling of Electric motorcycle with Dual motor i.e. All
wheel drive system.

->Wheel Torque(Nm)=Total
effort(N)*Radius of the Wheel(m)
->Wheel Speed(rpm)=Vehicle
Speed(mps)*60/(2*pi*Radius of the wheel(m))
->Motor Speed(rpm)=Wheel Speed (rpm)* Gear
Ratio

tractive

Power required at Wheel=Tf*V=13.089KW

Power required at Motor=13.089KW CVT
(Continuously Variable Transmission):

Gear Ratio =5.75

Wheel Speed=733.57 RPM

Wheel Torque=170.39Nm

Motor Speed=4220.5SRPM

Motor Torque=29.56Nm Efficiency=82.54%

In addition, an optimal control algorithm for
efficient performance will be developed to
minimize energy losses using MATLAB / Simulink
software just shown in figure 1. [33] Similarly, to
demonstrate the effectiveness of all-wheel drive all-
wheel drive, the torque control, and traction control
simulation of the all-wheel drive electric vehicle
will be compared with the unrestrained electric
vehicle model. [34] Based on the result, torque
vectoring and traction control of the in-wheel motor
in an all-wheel drive electric vehicle can help
increase the performance of the electric vehicle
during peak. [35] In conclusion, this study of torque
vectoring and traction control for Two-wheel drive
will help experimenters improve the design of the
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future electric vehicle in terms of vehicle cornering
performance. [36]

IV. SIMULATION RESULTS

The simulation results are shownin Figure 2,3,4
that the vector control for the BLDC motor has
good stability, fast response, and small overshoot,
and the slip ratio-based control strategy can meet
the steering stability requirements. [37] Rear-wheel
drive engines The initially started rear engine was
successfully converted into a two-wheel drive
motorcycle with automatic engagement within a
certain time frame. [38]

638 4
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Fig. 1Simulation results for different tractive forces acting on the vehicle.

The automatic engagement of the front wheel was
possible thanks to the use of a freewheel. At
optimal freewheeling, the vehicle behaves like a
rear-wheel drive vehicle and produces no problems.
[39] The turning radius of the vehicle is 2.5 meters
with an increase of only 0.5 meters from the initial
condition. Since we have made a simple design, the
weight of the vehicle has increased by only 6 kg
and therefore there is not much variation in the fuel
efficiency of the motorcycle. [40] The proposed
symbolic model has been implemented in the
Matlab Simulink software cross verified by Scilab.
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The comparative simulations, described in the next
subsection, studied the reliability and effectiveness
of the model in two noteworthy conditions: with
roll and steering angles that exceed the linearization
range; cornering acceleration of the AWD
motorcycle when coupling dynamics are activated.
[41]

The AWD system (which powers the forward
wheel) is operated at a slightly slower speed than
the rear wheel (about 80). [42] Under optimal
traction conditions, the rear wheel is actually
driving faster than the AWD system forward. One-
way clutches inside the front hub allow the front
wheel to rotate freely under these conditions. [43]
At this point, the AWD system is effectively
irresistible. Although the front AWD system is
spinning, it is not actually transferring power to the
front wheel. When the rear wheel loses traction, the
transmission speed, relative to the forward speed,
changes. [44] Furthermore, to simulate the
equations of motion, the model proved effective in
highlighting the effects of front-wheel drive on the
dynamics of the motorcycle, allowing to describe
the advantages and disadvantages of using AWD
with torque distribution. [45]
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Fig. 3 Simulation results for battery parameter affected by dual motor drive.

The advantages and disadvantages of using
the full rear-wheel drive or its nature distribution
were highlighted and the results agree with the
nature of an AWD motorcycle experienced by
motorcyclists. [46]
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Fig. 4 Simulation results for both Motors parameters.

Future work will aim to investigate in more depth
the best way to use the front-wheel drive in
different scenarios, even in the presence of skidding
conditions; this will be functional to the
development of control systems that act adequately
on torque distribution in order to obtain the
improved vehiclesafety without hindering the driver.
[47]

V. CONCLUSIONS

This paper presents a highly efficient electric
motorcycle for easily climbing hills because the
engine is now highly efficient for powering the
electric motorcycle. [48] So the bike works more
efficiently on rough terrain than a conventional bike,
we were able to easily overcome a rocky and
muddy road with this dual motor drive EV bike. [49]
It doesn't take long to climb hill roads now because
electric motorcycles have an automatic gearshift
design with a whole electric vehicle assembled to
smoothly climb the EV motorcycle up a hill. [50]
We have achieved 82.54% efficiency in the FTP
Drive system. The benefits of this highly efficient
electric motorcycle proposed here include an easy
mode of transportation and less stress for people
moving on hilly roads, the use of a automatic
variable transmission system, and a brushless hub
motor to control range and torque in both wheels.
[51] motor output to improve the total energy
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efficiency, we are having the advantages of desired
torque and high efficiency which in turn helps us
economically. [52] The performance of electric
motorcycles will increase the lifespan of
greentransportation which helps the Indian people
and our nation, especially the people in the hilly
areas, are very advantaged and this leads to national
development in terms of better green transportation.
[53] This paper addresses the problem of defining a
viable symbolic model to describe the nature of
torque distribution of an AWD motorcycle under
different riding conditions. [54] The model is
generally wvalid, that is, it was developed
independently of the transmission technology
adopted for the distribution of torque to the front
wheel& rear wheel. [55] In this diary, the proposed
highly efficient electric vehicle is detailed and
Scilab simulations for the overall drive mechanism
are provided. The conclusion report is generated by
observing the theoretical data of the high-efficiency
electric motorcycle with this dual Dc Hub brushless
motor and the desired lithium-ion battery pack is
specified and presented in the best possible way to
design a high-efficiency electric motorcycle that is
workable and in turn, offers an innovative reach in
the appearance of electric vehicles. So it is
important that all-wheel drive bikes on the road can
be affordable to anyone at the minimum cost. [56-
57]

REFERENCES

[1]Ferrando F,Martin F,Riba C. Modeling of the V-belt continuously —
variable transmission.Trans ASME 1996;118:226-73.

[2]Sheu K-B Chiou S-T Hwang W-M,Wang T-S.Electric-transmissions for
motorcycles Proc Natl Sci Council,Roc(A)1999;23(6):716-27.

[3]Oliver LR,Hornung KG,Swenson JE,Shapiro HN.For equating Speed And
Torque transmission.SAE 730003.SAE,Detroit, MI,USA,1973.

[4]Chiu Y-C,Tzeng G-H.The market acceptance ofElectric motorcycles
analysis, Transport Res Part D4 1999:127-46.

[5]M.Ehsani,Y.Gao,A. Emadi,Modern Electric,ElectricElectric :Fundamentals,
Theory,and Design,CRC Press,2009.

[6]M.S.Kumar,S.T.Revankar,Developmentscheme and key technology of an
electric vehicle:an overview,Renew.Sustain.Energy
Rev.70(2017)1266-1285.

[71Z.Song,j.Li,X.Han,L,Xu,L.,m.Ouyang, H.Hofmann,Optimization of Battery
and plug-in Electric electric vehiclr=es with BLDC motor,IEEE
Trans.Veh.Technol.66(5)(2017)3724-3738.

[8]S.J.Chapman,Electric Machinery
ed.NewYoekMcGrawHill,1999.

[9INPTEL Module 3 Architecture of Electric Drive Trains and analysis of

series drive train.Introd to Electric Vehicle Module ,pp 1-43.

Rokon Website. Accessed: Jun. 5, 2020. [Online].

https://www. rokon.com/

Fundamentals,3rd

[10] Available:

ISSN : 2581-7175

©IJSRED: All Rights are Reserved

Page 467



International Journal of Scientific Research and Engineering Development-— Volume 5 Issue 4, July- Aug 2022

5

[11]R. Lot, M. Massaro, and R. Sartori, ‘‘Advanced motorcycle virtual rider,’
Vehicle Syst. Dyn., vol. 46, no. supl, pp. 215-224, Sep. 2008.

[12] Ohlins Website. Accessed: Jun. 5, 2020. [Online]. Available:
https://www. ohlins.com/

[13] Christin Technologies Website. Accessed: Jun. 5, 2020. [Online].
Available: https://www.christini.com/awd-technology/about-the-
technology

[14] M. Blundell and D. Harty, The Multibody System Approach to Vehicle
Dynamics. Oxford, U.K.: Butterworth-Heinemann, 2004.

[15] D.J. N. Limebeer and R. S. Sharp, ‘‘Bicycles, motorcycles and models,”
IEEE Control Syst. Mag., vol. 26, no. 5, pp. 34—61, Oct. 2006.

[16] R. S. Sharp, ‘“The stability and control of motorcycles,”” J. Mech. Eng.
Sci., vol. 13, no. 5, pp. 316-329, Oct. 1971.

[17] Ben Jose, 2014, “Two-wheel drive motorcycle” “International journal of
mechanical engineering and technology”, Volume 11, Issue 1, January,
Page no. 25- 32.

[18] Andrea Bondi “Towards an All-Wheel Drive Motorcycle: Dynamic
Modeling and Simulation” IEEE Access, Volume: June 16, 2020

[19] James W. Hollingsworth, “Two-wheel drive for a motorcycle”, “United
states patent”, US 8,225,897 B1, Jul. 24, 2012.April-2020

[20] Mui’nuddin Maharun , Mohamad Noor Iman Mohd Nor “A Study of
Torque Vectoring and Traction Control for an AllWheel Drive Electric
Vehicle” MATEC, Vol. 13 Issue 13 June 2014

[21] William H. Crouse and Donald L Anglin, Automotive Mechanics(New
York: McGraw-Hill, 1994).

[22] Joseph Edward Shigley, Mechanical Engineering Design(New Delhi:
Tata McGrag-Hill Education, 2001).

[23] Daming Zhang.Control and Simulation Analysis of Electric Vehicle with
Hub-motors. [Liaoning institute of technology of master degree
theses],2007.

[24] B.C.Besselink.Computer controlled steering system for vehicles having
two independently driven wheels i Computer and electronic in
agriculturef12003(39)

[25] Ju Sang Lee%E Young Jae Ryoo% Young Che of Lim etc#fl Aneural
Network Model of Electric Differential System for Electric Vehicleff
IEEE InduffiElectronics Society%£26 Annual Conference%£Vol.19R
2000

[26] PEP feffer, M Harrer and D N Johnston.Interaction of vehicle and
steering system regardingon-center handling[J].Vehicle System
Dynamics,2008,46(5):413-428.

[27] A Cabrera,A Ortiz,E Carabias and A Simon.An alternative method to
determine the magic tyre model parameters using genetic
algorithms[J].Vehicle System Dynamics,2004,41(2):109-127.

[28] Farzad Tahami,Shahrokh Farhangi and Reza Kazemi.A fuzzy logic direct
yaw-moment con system for all-wheel-drive electric vehicle[J].Vehicle
System Dynamics,2004,41(3):203-221.

[29] Remus Pusca % Youcef Ait-Amirat.Modeling and Simulation of a
Traction Control Algorithm for an Electric Vehicle with Four Separate
Wheel Drives#fLIEEE 2002

[30] JT Economou%:R E Colyer2£A Tsourdos%B A White.Fuzzy Logic
Approaches for Wheeled Skid-Steer VehiclesfRIEEE 2002

[31] A. Saccon, J. Hauser, and A. Beghi, ‘A virtual rider for motorcycles: An
approach based on optimal control and maneuver regulation,’” in Proc.
3rd Int. Symp. Commun., Control Signal Process., Mar. 2008, pp. 243—
248.

[32] J. D. G. Kooijman and A. L. Schwab, ‘A review on bicycle and
motorcycle rider control with a perspective on handling qualities,”
Vehicle Syst. Dyn., vol. 51, no. 11, pp. 1722-1764, Nov. 2013.

[33] S. Hima, L. Nehaoua, N. Seguy, and H. Arioui, ‘‘Suitable two wheeled
vehicle dynamics synthesis for interactive motorcycle simulator,”” in
Proc IFAC World Cong., Seoul, South Korea, 2008, vol. 41, no. 2, pp.
96-101.

[34] L. Nehaoua, H. Arioui, N. Seguy, and S. Mammar, ‘‘Dynamic modelling
of a two-wheeled vehicle: Jourdain formalism,”” Vehicle Syst. Dyn.,
vol. 51, no. 5, pp. 648670, May 2013.

[35] A. Bonci, R. De Amicis, S. Longhi, E. Lorenzoni, and G. A. Scala,
““Comparison of dynamic models for a motorcycle during lowside
fall,”” WSEAS Trans. Appl. Theor. Mech., vol. 12, pp. 78-85, Jan.
2017.

Available at www.ijsred.com

[36] J. W. Griffin and A. A. Popov, ‘‘Multibody dynamics simulation of an
allwheel-drive motorcycle for handling and energy efficiency
investigations,”” Vehicle Syst. Dyn., vol. 56, no. 7, pp. 983-1001, Jul.
2018.

[37] S. Evangelou, Control and stability Analysis of Two-Wheeled Road
Vehicle. London, U.K.: Univ. London, 2004.

[38] T. Abumi and T. Murakami, ‘‘Posture stabilization of two-wheel drive
electric motorcycle by slip ratio control considering camber angle,”” in
Proc. IEEE Int. Conf. Mechatronics (ICM), Mar. 2015, pp. 353-358.

[39] J. Ben, B. V. Aswin, R. Adityan, and G. T. Basil, ‘“Two wheel drive
motorcycle,”” IOSR J. Mech. Civil Eng., vol. 11, no. 1, pp. 25-32,
2014.

[40] S. Mammar, S. Glaser, and M. Netto, ‘‘Vehicle lateral dynamics
estimation using unknown input proportional-integral observers,”” in
Proc. Amer. Control Conf., Jun. 2006, p. 6.

[41]Y. Sebsadji, S. Glaser, S. Mammar, and M. Netto, ‘‘Vehicle roll and road
bank angles estimation,”” Proc. 17th World Congr. Int. Fed. Autom.
Control Seoul, South Korea, 2008, pp. 7091-7097.

[42] A. Bonci, R. De Amicis, S. Longhi, G. A. Scala, and A. Andreucci,
““Motorcycle lateral and longitudinal dynamic modeling in presence of
tyre slip and rear traction,”” in Proc. 21st Int. Conf. Methods Models
Autom. Robot. (MMAR), Aug. 2016, pp. 391-396.

[43] S. M. Savaresi and M. Tanelli, Active Braking Control Systems Design
for Vehicles. London, U.K.: Springer-Verlag, 2010.

[44] S. M. Savaresi, C. Poussot-Vassal, C. Spelta, O. Sename, and L. Dugard,
Semi-active Suspension Control Design for Vehicles. Oxford. U.K.:
Elsevier, 2010.

[45] V. Cossalter, Motorcycle Dynamics, Morrisville, NC, USA: Lulu.com,
2006.

[46] A. Bonci, R. De Amicis, S. Longhi, E. Lorenzoni, and G. A. Scala, ““‘A
motorcycle enhanced model for active safety devices in intelligent
transport systems,”” in Proc. 12th IEEE/ASME Int. Conf. Mech.
Embedded Syst. Appl. (MESA), Aug. 2016, pp. 1-6.

[47] MSC Adams Tyre Software Manual. Accessed: Jun. 27, 2018. [Online].
Available: https://simcompanion.mscsoftware.com/infocenter/
index?page=content&channel=DOCUMENTATION&cat=1VMOS50

[48] A. Bonci, R. De Amicis, S. Longhi, E. Lorenzoni, and G. A. Scala,
““Motorcycle’s lateral stability issues: Comparison of methods for
dynamic modelling of roll angle,”” in Proc. 20th Int. Conf. Syst. Theory,
Control Comput. ICSTCC), Oct. 2016, pp. 13-15.

[49] Siegfried Hebel, “Motorcycle with adjustable power front wheel drive
(all wheel drive)”, “United states patent”, US 5,894,903, Apr 20, 1999.

[50] Ben Jose,” Two Wheel Drive Motorcycle”, IOSR Journal of Mechanical
and Civil Engineering (IOSRIMCE) e-ISSN: 2278-1684, p-ISSN:
2320-334X, Volume 11, Issue 1 Ver. I (Jan. 2014)

[S1] Mr. Jignesh Soni “Design and Fabrication of Hybrid Two Wheeler”,
International Journal of Engineering Research & Technology (IJERT),
Vol. 9

[52] John Rugh, Ahmad Persaran, Kandler Smith, “Electric Vehicle Battery
Thermal Issues and Thermal Management Techniques”, National
Renewable Energy Laboratory.
Link:https://www.nrel.gov/docs/fy13osti/52818.pdf

[53] Mohammad Khan, Maciej Swierczynski, Soren Kaer, “Towards an
Ultimate Battery Thermal Management System: A Review”,
Department  of Energy Technology, Aalborg  University.
Link:https://www.engineeringtoolbox.com/convective-heat-transfer-
d_430.html

[54] Yunus Cengel, Afshin Ghajar, “Heat and Mass Transfer Fundamentals &
Applications”, McGraw-Hill Education

[55] Satisha Mohapatra, “An Overview of Liquid Coolants for Electronics
Cooling” Link:https://www.electronics-cooling.com/2006/05/an-
overview-of-liquid-coolant s-for-electronics-cooling/#

[56] Lasance, C. and Simons, R., “Advances in High Performance Cooling for
Electronics”, Electronics Cooling, Vol. 11, No. 4, 2005, pp. 22-39.

[57] Erick Hendrickson, “Optimize Your Vehicle by Cooling Electric Motors
and  Generators” Link:https://www.machinedesign.com/motion-
control/optimize-your-vehicle-cool ing-electric-motors-and-generators.

ISSN : 2581-7175

©IJSRED: All Rights are Reserved

Page 468



