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Abstract — In this paper author investigated the effect of variable gear system on overall energy consumption in electric vehicle, 
whether fixed gear or variable gear system is better in electric vehicle when it comes to energy usage and which system fixed or 
variable gear system gives more energy efficiency. Energy efficiency is key factor in electric vehicle technology since increasing the 
life of a battery will be the key aspect in making electric vehicle technology successful. All the calculations are done assuming 
steady state vehicle model to calculate torque, power and energy. MATLAB simulation tool is used for writing program to 
calculate torque, power and energy consumption of a electric motor. 
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I. INTRODUCTION 

 
 Internal combustion engine (ICE) is currently 
dominating the automobile industry but with increasing fuel 
prices, more stringent government regulations on 
greenhouse gas emissions and more governments specially 
U.S. are continuously trying to be less dependent on fuel as 
main energy source have led to more active interest in 
hybrid and electric vehicles. Hybrid vehicle suffers from 
high emission problem [1] and the dual power source makes 
them more complex and expensive. Expensive vehicle will 
be not being much popular in developing countries like 
India and china which are one of the highest greenhouse gas 
emissions countries. Battery electric vehicles have zero 
emission with a single power source that make their design 
[5], control, and maintenance relatively simple compared to 
hybrid electric vehicle. 

 The main drawback in electric vehicle technology is in 
its battery technology. The low energy is main cause of 
worry for all electric vehicle engineers and scientists. 
Various researches are going on various aspects of electric 
vehicle like battery, drive train etc to increase the overall 
energy efficiency and increasing the driving range. The U.S. 
government and private companies like GM and Ford are 
investing billions of dollars in electric vehicles. The U.S. 
government has set a target of one million electric vehicles 
on U.S. road by 2012 and the U.S. government [2] is given 
tax credit up to $7500 for buyers of plug in electric vehicles. 
Not only numbers of electric vehicles are manufactured, 
there is also significant interest in converting existing ICE-
powered vehicles to electric power [4, 6]. In this paper the 
author tried to investigate the effect of variable gear system 

on energy efficiency in electric vehicles under steady state 
conditions. A MATLAB program [3, 8, 7, 9, and 10] is also 
created so that any user can give vehicle parameters as 
inputs and for those parameters, torque, power and energy 
efficiency can be calculated for a electric vehicle drivetrain.  

II. STEADY STATE ANALYSIS 

 
 In steady state analysis it is assumed the vehicle is 
moving with constant speed. The energy required to move a 
vehicle is determined by the distance it travels and the force 
it overcome. 

 
 

Fig. 1 Road load force components 

 

The various resistance forces as shown in Fig. 1 are 

(i) Rotational inertia 

(ii) Gravity force 
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(iii) Aerodynamic drag 

(iv) Rolling resistance 

 

A.   Rotational Inertia 

 The actual torque delivered to the drivetrain as shown 
in Fig 2 by the motor is reduced by the amount required to 
accelerate the inertia of rotating components. The torque 
delivered is calculated as 

Tt = Tm-Imαm                                                                       (1) 

Where 

Tt- Torque at the transmission (input to the transmission) 

Tm- Motor torque at a given speed 

Im- Motor rotational inertia 

αm- Motor rotational acceleration 

 

 The torque delivered at the output of the transmission is 
amplified by the gear ratio of the transmission but is 
decreased by inertial losses in the gears and shafts. Net 
torque output to driveshaft 

Td= (Tt-Itαm) G1                                                                                                      (2) 

Td- Torque output to the driveshaft 

G1- Gear ratio of the transmission 

It- Rotational inertia of the transmission 

 

 Similarly the torque delivered to the axles to accelerate 
the rotating wheels and provide tractive force at the ground 
is amplified by the final drive ratio with some reduction 
from the inertia of the driveline components between the 
transmission and final drive. The expression as follows 

Ta=Fxr + Iwαw=(Td-Idαd)G2                                                                            (3) 

Ta- Torque on the axles 

Fx- Tractive force at the ground 

r-   Radius of the wheels 

Iw- Rotational inertial of the wheels and axles shafts 

αw- Rotational acceleration of the wheels 

Id- Rotational inertia of the driveshaft 

αd- Rotational acceleration of the driveshaft 

G2-Numerical ratio of the final drive 

 

 
 

Fig. 2 Drivetrain of an electric vehicle 

 
 The rotational accelerations of the motor, transmission, 
and driveline are related to that of the wheels by the gear 
ratios. 

αd=G2αw                                                                              (4) 

αm=G1αd=G1G2αw                                                                                                  (5) 

 

 The above equations [1] to [5] can be combined to 
solve for the tractive force at the ground. Recognizing that 
the vehicle acceleration ax is the wheel rotational 
acceleration αw, times the tire radius combining the various 
equations gives: 

Fx= (TmG1G2/r) –{(Im+It)G1G2
2+IdG2

2+Iw}ax/r
2                            (6) 

 

Considering the mechanical losses the equation is modified 
as 

Fx=TmG1G2η1η2/r-{(Im+It)G1G2
2+IdG2

2+Iw}ax/r
2                         (7) 

η1η2- combined efficiency of transmission and final drive 

The rotational inertia is generally taken as Mr 

Mr={(Im+It)G1G2
2+IdG2

2+Iw}ax/r
2                                       (8) 

Mr- Equivalent mass of the rotating components 

Massfactor=M+Mr/M                                                         (9) 

M+Mr/M is defined as mass factor where M is the mass of 
vehicle. Mass factor generally depend on the operating gear, 
with typical values as shown in the table below 

Knowing the value of mass factor as shown in TABLE I we 
can easily calculate Mr 
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TABLE I 

  Mass 
Factor 

   

Vehicle Gear--- High Second First Low 

Small 
Car 

 1.11 1.20 1.50 2.4 

Large 
Car 

 1.09 1.14 1.30 ----- 

Truck  1.09 1.20 1.60 2.5 

 

B.     Gravity Force 

 The gravity force consists of two components, one in 
the direction of travel and the other in the direction 
perpendicular to the surface. In order to move vehicle up the 
inclined surface, the vehicle must overcome the gravity 
force in the direction of travel. The gravity force is equal to 

Gravity force= MgsinA (M is mass of vehicle)               (10) 

 

C.     Rolling Resistance 

 The rolling resistance Rr is a linear function of the 
vehicle speed and mass of the vehicle. The rolling 
coefficient Cr depends on the road surface type and 
condition. The rolling coefficients C2 and C3 vary as a 
function of the vehicle’s tire type. 

Rr=Cr(C2Vm+C3)MgCosA/1000                                       (11) 

M- Mass of the vehicle (Kg) 

g- Acceleration due to gravity (m/sec2) 

A- Gradient as shown in fig1 

Cr- rolling coefficient 

C2, C3-rolling resistance coefficients 

 

D.    Aerodynamic Drag 

 The aerodynamic drag is a function of speed for any 
vehicle. At low speed the drag force is negligible. At high 
speed, the drag becomes a significant factor. The 
aerodynamic drag is given as 

DA=1/2ρVm
2CDA                                                              (12) 

ρ- is the air density 

Vm- vehicle speed 

A- is the frontal area of vehicle 

CD- aerodynamic drag coefficient 

 

 

Combing all the resistance forces, the equation of net 
tractive torque of the motor can be derived 

(M+Mr)ax=TmG1G2η1η2/r-MgsinA-DA-Rr                        (13) 

Gr=G1G2      (Gr is the combined gear ratio) 

η=η1η2 (η is the combined efficiency) 

ax- constant acceleration of vehicle 

So Torque of the motor can be expressed as 

Tm={(M+Mr)ax+MgsinA+DA+Rr}r/Grη                           (14) 

After calculating Torque of the motor the power and energy 
efficiency of the motor can be calculated 

 To calculate the maximum power of the motor, 
maximum speed of the vehicle is taken 

Pm= Tm*(Vm/r)                                                                  (15) 

Vm– is the maximum vehicle speed    

Energy can be calculated for a given time 

E=Pm*T                                                                             (16)       

E- Energy consumption of electric vehicle while travelling 

Pm- maximum power of the motor 

T-Time taken during travelling 

 

 The above equation gives Energy consumption at fixed 
speed or one gear system. To calculate Energy in variable 
gear system we have to take different gear ratio 
Gr1,Gr2,Gr3……Grn and different time interval in which these 
gear ratios are used while travelling as T1, 
T2,T3…………….Tn. 

As all other factors are same in both system whether fixed 
or variable gear system. {T=T1+T2+………Tn) 

From Equation (16), it can be concluded that 

EαT/Gr                      (for fixed gear system)                    (17) 

And for variable gear system 

Eα(T1/Gr1+T2/Gr2+T3/Gr3) ………………..n                    (18) 

 Using equation (18) and taken some experimental 
values, it is easy to develop a variable gear power or drive 
train which consume less energy as compared to power or 
drive train of fixed gear electric vehicle and consumption of 
energy is key factor in electric vehicle technology. Various 
vehicle parameters are shown in TABLE II 
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III. GEAR LOSSES  

 
 A power loss in spur gear systems is generally due to 
tooth friction and lubricating churning losses. Churning 
losses are difficult to calculate and these losses are 
compensated in initial gear design. The frictional losses 
depend on gear design, the reduction ratio, the pressure 
angle, gear size, and the coefficient of friction. Spur gears 
give 10% loss per engagement. Engagement is defined when 
one gear wheel in contact with another and the loss in that 
engagement is approximately 10%. From the below given 
formula as gear ratio and gear diameter increases the power 
loss will increase and energy efficiency will decrease. The 
gear ratio is increasing as 10, 12, 14, 16, 18, so the gear 
diameter will also increase which result more gear power 
loss and less gear efficiency.  
 
 
 

 
 
Where 
 
Rg = Gear Ratio 
Ro= Outside Diameter of gear (m) 
ro= Outside diameter of pinion (m) 
Rp= Pitch diameter of gear (m) 
rp= Pitch diameter of pinion (m) 
E= efficiency of gear pair  
P= Power loss of gear pair as a percentage of input power 
 α= pressure angle 
μ= coefficient of friction 
 

TABLE II 
 

M 1000 Kg 

ax 1.85m/sec2 

Vm 70 km/hr 

CD 0.3 

A 2m2 

r 0.28m 

Cr 1(Concrete Pavement) 

C1 0.0472 

C2 0.0328(Radial Tyres) 

ρ 1.19Kg/m3 

η 0.8 or 0.9 

sinA 0.0665 

 

IV. ENERGY BREAKDOWN OF ELECTRIC VEHICLE 
DRIVE TRAIN 

 
 The TABLE III shows the energy losses of electric 
vehicle drive train. Main focus of this work is to reduce 
27% and 23% Transmission losses of the drive train by 
using variable gear ratio or multiple gears drive train in 
place of fixed gear drive train in electric vehicle.  
 

TABLE III 
 

  URBAN HIGHWAY 
ENERGY 

CONTENT 
OF THE 

BATTERY 

 100% 100% 

 BATTERY 
LOSSES 

18% 13% 

 ELECTRIC 
MACHINE 

LOSSES 

6% 4% 

DRIVE 
TRAIN 
LOSSES 

TRANSMISSION 
LOSSES 

27% 23% 

 TOTAL 51% 40% 
 
 
 

V. THE JAPANESE 10-15 MODE DRIVING CYCLE 

 
 All the input data, time and speed has been taken to 
calculate energy efficiency from Japanese 10-15 mode 
driving cycle. Referring to 15-mode in Fig 3 , the maximum 
speed is 70 km/hr and it is held constant for about 20 secs, 
taking this as input the results are concluded as shown in 
TABLE IV 
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Fig. 3 Japanese 10-15 Mode driving cycle 

VI. RESULTS 

 
 The results are shown in TABLE IV. The modeling 
can be done for n combination of gear ratios. The speed of 
vehicle is kept constant of each gear ratio so that 
comparison between fixed and variable gear ratio can be 
done but generally at different gear different speed is 
maintained. With variable gear system some can reduce 
5-10% of Transmission losses in drive train. 
 

VII.  CONCLUSION 

 
 This paper shows that variable gear system is a good 
choice for reducing energy consumption in electric 
vehicle. The main problem which electric vehicle faces is 
its battery technology. Thus by using variable gear ratio in 
electrical vehicle, energy efficiency of electric vehicle can 
be improved and thus variable gear system can enhance 
the drive range of electric vehicle and battery life. 
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TABLE IV 

 
S
.
N
o 

Fixe
d 
gear 
ratio 

Variable gear 
ratio and 
number of 
gears 

Time 
for 
fixed 
gear(T) 
in secs 

Time for variable 
gears (T1, T2, T3, 
T4) in secs 
T=T1+T2+T3…Tn 

Gear  
losses 
% 

% of 
Energy 
conser
ve 

1 10 10,12 20 10,10 3.95% 4.35% 
2 10 10,12,14 20 6,6,8 7.87% 8.53% 
3 10 10,12,14,16 20 5,5,5,5 10.86% 9.74% 
4 10 10,12,14,16,

18 
20 4,4,4,4,4 14.91% 10.49

% 

 
 
 
 

 
 


