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Abstract — According to the basic parameters and design 

requirements of X-type electric vehicle, the performance 

parameters of the motor are selected and matched based on 

the theoretical analysis. And the vehicle performance is 

simulated by the method of Cruise software. The simulation 

results show that the motor is feasible and effective for this 

kind of electric vehicle. It has a reference value to the study of 

electric vehicle performance. 
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I. INTRODUCTION 
 

With the consumption of energy and the continuous 

development of new energy technology, the electric vehicle 

industry in China is in a state of vigorous development 

which occupies a share in the current automobile market 

[1]. The power transmission system parameters of electric 

vehicle place a significant impact on the vehicle's dynamic 

performance and economical efficiency which also plays an 

important role for vehicle performance. The match and 

optimization of parameters for electric vehicle drive system 

is conducive to improve the working status of electric 

vehicle and improve the comprehensive performance of the 

vehicle [2]-[5]. The match of power transmission system 

parameters and simulation of dynamic performance are 

studied in this paper based on X-type of two-speed electric 

vehicle. 

 

II. MATCHING OF VEHICLE PARAMETERS 
 

The basic parameters of the two-speed vehicle are shown 

in Table 1 based on the design requirements. 

 

Table 1: The structural parameters of the vehicle 
Parameter Numerical Unit 

L * W * H 4560/1822/1630 mm 

Train efficiency 0.9 -- 

Curb weight 1200 kg 

Full quality 1480 kg 

Radius of the wheel 0.215 m 

Rolling resistance coefficient 0.0166 -- 

Air resistance coefficient 0.3 -- 

Frontal area 1.38 m2 

Wheelbase 2340 mm 

 

II. MATCHING OF POWER TRANSMISSION 

SYSTEM PARAMETERS 
 

The electric vehicle is refers to a type of car which used 

to pass the battery power to the motor to drive the wheels 

advance [6]-[8]. The energy transfer route is:  
battery→motor→transmission→shaft→mainreducer→diff→

wheel.  The energy stored in battery is transferred to the 

motor, and the torque produced by motor is transferred to 

wheel through transmission, shaft, main reducer and diff. 

The working principle of the electric vehicle power 

transmission system is shown as Fig.1. 
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Fig.1 The working principle of the electric vehicle power 

transmission system 
 

A. Choice of power supply 
The power supply of electric vehicle is motor which 

replaces the engine of car. The performance of motor plays 

a decisive role to vehicle's dynamic performance and 

economical efficiency [9]. Combined with the type of 

electric vehicle, this paper decides to use fully digital 

intelligence vector control of 15kw permanent magnet 

synchronous motor as the source of power. The factors 

which influence the performance of motor include rated 

power, peak power, rated torque, peak torque, peak, rated 

speed and peak speed, etc. 

1) Rated power 

The rated power of motor is known as the corresponding 

continuous working area of maximum speed in the dynamic 

performance indexes of electric vehicle. The larger the rated 

power, the larger the backup power. In this case the 

acceleration and climbing performance would be better and 

the volume and quality of motor would increase. Therefore, 

the rated power of motor should be controlled in a 

reasonable range. The rated power of motor should not be 

less than the sum of all resistance power when the vehicle 

drives at a constant speed in a good level pavement with no 

slope and acceleration resistance. 
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Where, Pv is resistance power in maximum speed; ηT is 

transmission efficiency; f is rolling resistance coefficient;  

CD is air resistance coefficient; M is servicing quality; g is 

the acceleration of gravity; umax is the maximum speed. 

2) Peak power  

The short-term working area during the state of climbing 



 

Copyright © 2017 IJASM, All right reserved 

53 

International Journal of Applied Science and Mathematics 

Volume 4, Issue 3, ISSN (Online): 2394-2894 

and accelerating is called the peak power of motor. When 

the electric vehicle is in a state of climbing the gradient 

resistance power is: 
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Where, Pi is slope resistance power; imax is maximum 

grade ability; ua is speed. 

Assuming the maximum grade ability (imax) is 0.2 and the 

speed (ua) is 8 km/h, and then put all parameters mentioned 

above into formula 2 acquiring the gradient resistance 

power (Pi) is 6.091kw. 

When the electric vehicle is in a level of good road the 

accelerating power is: 

          
)

3600761403600
(

1 3

aa
D

a

T

j u
Ma

u
AC

u
Mgf

P





            

 

(3) 

Where, pj is accelerating resistance power; δ is rotating 

mass scaling factor; a is acceleration. 

Assuming the rotating mass scaling factor (δ) is 1.008，

acceleration(a) is 1.75m/s2 , speed(ua) is 30 km/h，and then 

put all parameters mentioned above into formula 3 

acquiring the accelerating resistance power (pj) is 

21.608kw.  

The peak power of motor must meet the above working 

power conditions, so the peak power of motor must take the 

maximum power among drive resistance power, slope 

resistance power and accelerating resistance power.  

          Pemax=max(pv, pi, pj)= 21.608kw                 

  

(4) 

Considering the factor of backup power, the peak power 

of the motor is 28kw meets the requirements of power. 

3) Peak torque 

The peak torque is the condition of maximum grade 

ability torque which ignores acceleration resistance torque 

and the air drag torque. 
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Where, Temax is peak torque; r is rolling radius; i0 is main 

reduction ratio; ig is gear ratio. 

Combining the data of Tab.1, assuming the main 

reduction ratio (i0) is 6.5and the first gear ratio (ig1) is 1.6, 

and then put all parameters mentioned above into formula 5 

acquiring the peak torque (Temax) is 59.704N·m. In this 

paper, the peak torque of motor selected is 170 N·m. from 

formula 6, the rated torque is 46 N·m. 

                          /maxee TT      

                           

(6) 

Where,   is torque overload ratio,  =3.7. 

4) Peak speed 

The peak speed is the motor's maximum speed under the 

condition of highest steady speed. 
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Where, nemax is peak speed, ig2 is second gear ratio. 

Put all parameters mentioned above into formula 7 

acquiring the peak speed (nemax) is 5356.545r/min. In this 

paper, the peak speed of motor selected is 6800 r/min. 

 From formula 8, the rated torque is 2640 r/min. 

5.2/maxee nn 
                                                         

(8) 

B. Determine of the gears and gear ratio 

It is necessary to select reasonable gear ratio of the 

transmission and the ratio of the main reducer to meet the 

requirements of different driving conditions of electric 

vehicle. The power generated by the motor is decelerated 

by the transmission and transmitted to the main reducer. 

The main reducer slows down the speed, increases the 

torque and delivers the power to the wheels to drive the 

vehicle. The ratio of the main reducer is 6.5.The large ratio 

of first gear can achieve a better lower speed starting, 

acceleration performance and grade ability for two-gears 

electric vehicles, the small ratio of second gear can increase 

the maximum speed and widen the range of speed [10]. The 

maximum ratio of the transmission is mainly affected by 

three factors of maximum climbing degree, adhesive force 

and minimum stable speed. The lower limit of the 

transmission ratio is determined by the maximum output 

torque of the motor and corresponding to the maximum 

climbing degree of running resistance. 
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Where, u is speed; r is radius of wheel; nmax is 

maximal speed of motor. 
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Where, Fimax is corresponding to the maximum climbing 

degree of running resistance; r is radius of wheel; T is 

transmission efficiency; Tmax is the maximum output torque 

of the motor. 

According to the ratio of the main reducer, combining 

formula 9 and formula 10 to get the  gear ratio range of 

transmission. The first gear ratio is selected as 1.6 and the 

second gear ratio is selected as 1. It is reasonable to meet 

the driving demands. 

 

Table 2: Table of electric vehicle power system 

parameters match 

Item Parameter Name Parameter Value 

motor 
type of motor 

permanent magnet 

synchronous motor 

rated power 15kW 

peak power 28kW 

rated torque 46N·m 

peak torque 170N·m 

rated speed 2640r/min 

peak speed 6800r/min 

rated voltage 72V 

transmission ratio of the main reducer 

ratio of first gearratio of 

second gear 

6.5 

1.6 

1 

 

IV. THE SIMULATION OF VEHICLE 

PERFORMANCE 
 
A. Introduction of the Cruise software 

Cruise software is a rapid, convenient and efficient tool for 

simulation of vehicle dynamics which is developed by the 

company of AVL. Cruise can be used to simulate the 

dynamic, economic and emission performance of the 

vehicle [11]. Its modularize idea divides the parts of the car 

into many discrete modules, then the designer can combine 

the vehicle model they need into the different structures, 

and use the perfect solver to ensure the rapidity 
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 of calculation. 

B. Build up the whole vehicle 

Using Cruise platform to build electric vehicle model, the 

process of establishing—in the first select vehicle module 

"electric vehicle" in module column and drag into the work 

area, then drag the modules of power battery, motor, main 

reducer, differential, brake, wheels, cab, controller into the 

working area and set the design parameters according to the 

requirements. Finally, determine the location of all modules 

and data connection. The establishment of the electric 

vehicle model is shown in figure 2. 

 

 
Fig.2 Model of the electric vehicle 

 

C. Maximum speed 

The performance simulation results of the maximum 

speed based on the steady-state driving conditions is shown 

in figure 3. According to the figure, the electric vehicle can 

achieve the maximum speed of the theoretical value of 

66.37km/h, the actual value of 66.00km/h, which is greater 

than the vehicle performance indicators of the default value 

of 60km/h, which meets the maximum speed requirements. 

 

 
Fig.3 Simulation result of maximum speed 

 

D. Acceleration Capacity 

The acceleration performance simulation curve of the 0 

to 30km/h based on full load accelerating conditions is 

shown in figure 4 and figure 5. According to the 

acceleration time of 0 to 30km/h, the speed of the electric 

vehicle speed from 0 to 30km/h and the time required for 

5.625s, when it reached 11s, the speed is 42.578km/h, it is 

less than a preset vehicle performance index value is 11s, 

which satisfies the performance requirements of speed. 

 

 
Fig.4 The curve of speed up time 

 

 
 

Fig.5 The speed up time of the electric vehicle 

 

E. Climbing Capacity 

The simulation curve of climbing performance based on 

climbing performance is shown in figure 6. From the figure, 

the electric vehicle based on 8km/h climbing condition, it 

keep the speed 8km/h to achieve the maximum gradient is 

24.3083%, which is larger than the preset value of 20% 

vehicle performance index and can satisfy the requirements 

of the performance of the maximum gradient. 

 

 
Fig.6 Simulation curves of climbing performance 

 

V. CONCLUSION 
 

In this paper, the basic parameters of electric vehicle are 

matched and optimized. The performance of the vehicle is 

simulated with the help of Cruise software. The simulation 

result shows that the maximum speed in theory is 

66.37km/h, the acceleration time from 0 to 30km/h is 

5.625s and the maximum gradient is 24.3083%. All of the 

parameters in this paper meets the demand of the electric 

vehicle performance, and complies with the requirement of 

national standard. 
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