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Abstract 

Optimum matching of a target vehicle powertrain was formulated as a nonlinear constrained optimization problem. 
The dynamic and economic objective functions were respectively set up by maximum grade ability and driving range. 
In addition, the simulated annealing genetic algorithm (SAGA) was used to solve the optimum problem. In order to 
evaluate the effects of the optimized powertrain on vehicle performance, simulation models of the target and 
optimized vehicles were established in CRUISE software and verified by test results. It is helpful to achieve dynamic 
performance improvement, energy consumption reduction and driving range increase. 
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1. Introduction 

With lower noise, less pollution and zero tail pipe emissions, electric vehicles represent an important 
concept to meet the challenges like environmental pollution, energy security and depletion of fossil fuels 
[1, 2]. However, the development and popularization of electric vehicles are limited by the long charging 
time and short driving range. The powertrain in electric vehicles describes the main components that 
generate power and deliver it to the road surface, which includes the battery pack, electric motor, gearbox, 
drive shafts, final drive and the differentials. Range of electric vehicles depends on the voltage and energy 
of the battery pack, the ratio and the number of the gearbox, power of the electric motor and the ratio of 
the final drive. Powertrain should not only meet range requirement in the specified driving cycles, but 
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also have enough dynamic performance. It is very difficult to determine the parameters of main 
components in powertrain because they are conditioned by each other. Up to now, many researchers have 
aimed at studying electric vehicle powertrain. There are several ways to address the optimal matching of 
electric vehicle powertrain. The researchers in [3-7] only paid attention to optimizing components in 
electric vehicle powertrain, respectively. In this paper the parameters of the target vehicle powertrain are 
determined by an integrated optimization approach to satisfy different requirements. The effects of 
optimized powertrain on vehicle performance are evaluated by the developed simulation model. 

Nomenclature 

 

Ib Base speed ratio of the motor (-) 

[imax] Requirement of maximum grade ability (-) 

S Mileage of per NEDC (km) 

[SNEDC] Range requirement of NEDC (km) 

tN Time of per NEDC (s) 

uc Climbing velocity (km/h) 

[umax] Requirement of maximum velocity (km/h) 

ηc Controller efficiency (-) 

ηm Motor efficiency (-) 

ηT Driveline efficiency (-) 

ω Penalty factor (-) 

2. Optimization Method and Simulation Model 

2.1. Optimization matching of powertrain 

In order to achieve global optimization of electric vehicle powertrain, a double-speed gearbox is 
applied to the target vehicle and the optimization variables are chosen as follows. 

ggobmax iiinxxxxxxxx                                                                    (1) 
The dynamic objective function is established by the absolute value of the difference between the 

target and actual maximum grade abilities. 
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The economic objective function is set up by the absolute value of the difference between the target 
and actual driving ranges under New European Driving Cycle (NEDC). 

21
NEDC

xx
Sxf                                                                                                                           (3) 

Where, udt
maumgfNt

. 

Acceleration time is used for constraints comprising [t1] for 0 to 50 km/h in and [t2] for 50 to 80 km/h. 
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The maximum velocity is limited by minimum gear ratio, base speed ratio and maximum speed. 

xx

x
ruxg rbmax                                                                                                        (6) 

In order to avoid gearshift difficulty, the gear ratios of adjacent gears should be always less than 1.8. 

xxxg                                                                                                                          (7) 

xxxg                                                                                                                       (8) 

The objective functions and related constraints would be transformed into a fitness function by the 
penalty function algorithm. 

k
k xgxfxfx                                                                                                   (9) 

The specifications and requirements of the target vehicle are used to determine the powertrain 
parameters, as shown in Table 1. 

Table 1. The specifications and requirements of the target vehicle 

Parameter Value Requirement Value 

Curb mass (kg) 1370 Maximum velocity (km/h) ≥120 

Frontal area (m2) 2.10 Acceleration time (0-50km/h) (s) ≤6 

Rolling radius (m) 0.29 Acceleration time (50-80km/h) (s) ≤8 

Aerodynamic drag coefficient (-) 0.32 Maximum grade ability (-) ≥25% 

Rolling resistance coefficient (-) 0.012 Range under NEDC (km) ≥120 



 Pan Zhang et al.  /  Energy Procedia   88  ( 2016 )  894 – 900 897

2.2. The establishment and verification of simulation model 

Fig. 1 and Fig. 2 show simulation models of the target and optimized vehicles which are respectively 
established in CRUISE software. The structure differences between the target and optimized vehicles are 
these with and without gearbox and clutch. 

   

       Fig. 1. Simulation model of the target vehicle                    Fig. 2. Simulation model of the optimized vehicle 

Note: 1. Electric vehicle 2, 3, 19 and 20. Wheels 4, 7, 13 and 18. Brakes 5. Battery pack 6. Electrical consumer 8. Differential 9. 
Final drive 10. Motor 11. Motor control system 12. Brake control system 14. ASC 15. Constants 16. Online monitor 17. Cockpit 21. 
Gearbox 22. Clutch 

For the verification of the developed simulation model, the tests are performed by the target vehicle in 
accordance with the national standards [8, 9]. Additionally, the test velocity profile (Fig. 3) is used as the 
input of the simulation model (Fig. 1) and the solution procedures are completed by CRUISE software. 

 

Fig. 3. Test velocity profile (Beijing) 

3. Results and Discussions 

The optimal problem is solved by SAGA based on the developed fitness function features. In addition,  
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the battery pack, motor, double-speed gearbox and final drive are selected by market supply. The 
optimum and round results are listed in Table 2. 

Table 2. The optimum and round results 

Component Variable Optimum value Round value 

Battery pack 
Rated voltage (V) 364.6232 360 

Capacity (Ah) 67.7437 66 

Motor 
Peak power (kW) 46.1586 45 

Rated speed (r/min) 2915 3000 

Final drive Gear ratio (-) 7.7015 7.75 

Gearbox 
Maximum gear ratio (-) 1.5896 1.593 

Minimum gear ratio (-) 1.0342 1.0 

Fig. 4 to Fig. 6 describe the acceleration times and the SOC of battery pack. The results are 
summarized in Table 3 listing the relative driving range, energy consumption and acceleration time for 
the simulation and test. 

   

Fig. 4. Acceleration time (0-50km/h)                                    Fig. 5. Acceleration time (50-80km/h) 

 

Fig. 6. SOC of battery pack 
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Table 3. The simulation and test results 

Evaluation index Simulation result Test result Relative error/% 

Driving range (km) 99.68 96.80 2.98 

Energy consumption (kWh/100km) 21.57 22.21 2.88 

Acceleration time (0-50km/h) (s) 5.70 5.86 2.73 

Acceleration time (50-80km/h) (s) 5.86 6.14 4.56 

As shown in Fig. 4 to Fig. 6, the simulation results agree well with the test results. The relative errors 
between the simulation and test results are less than 5% which shows that the accuracy of the simulation 
model can be accepted. 

The influences of the optimized powertrain on electric vehicle performance are evaluated by the 
developed simulation model with the help of specified driving cycles. The simulation results of the target 
and optimized vehicles are listed in Table 4. 

Table 4. Simulation results of the target and optimized vehicles 

Evaluation index Cycle The target vehicle The optimized vehicle 

Driving range (km) 

NEDC 116.37 135.46 

FTP75 109.94 131.56 

JC08 108.56 126.65 

Energy consumption 
(kWh/100km) 

NEDC 18.49 17.54 

FTP75 19.57 18.06 

JC08 19.82 18.76 

Acceleration time (s) 
0-50km/h 5.70 4.49 

50-80km/h 5.86 5.74 

Maximum velocity (km/h) 126.26 126.96 

Maximum grade ability (-) 24.51% 37.34% 

It is noted that the optimized vehicle obtains comprehensive performance improvement. The driving 
ranges of the optimized vehicle under NEDC, FTP75 and JC08 are respectively increased 19.09km, 
21.62km and 18.09km relative to the target vehicle. Additionally, the energy consumptions over NEDC, 
FTP75 and JC08 fall by 5.42%, 8.36% and 5.65%, respectively. The Energy consumption reduction of the 
optimized vehicle comes from the optimum driveline. Accordingly, the driving ranges increase. 
Acceleration times from 0 to 50 km/h and 50 to 80 km/h decrease by 1.21s and 0.12s. The maximum 
grade ability grows from 24.51% to 37.34%. The dynamic performance improvements result from the 
optimal combination of powertrain components. However, the maximum velocity between the target 
vehicle and the optimized vehicle is almost equal on account of the minimum gear ratio remains almost 
unchanged. Although the time delay for gearshift is considered in the acceleration time from 50 to 80 
km/h it obtains less reduction. Unfortunately, this paper ignores cost increase caused by the gearbox. 
Processing difficulties of high speed gearbox are not taken into account. 
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4. Conclusions 

Optimum matching of electric vehicle powertrain is performed by the integrated optimization method. 
The influences of optimized powertrain on electric vehicle performance are evaluated by the developed 
simulation model. It is beneficial to achieve dynamic performance improvement, energy consumption 
reduction and driving range increase. 
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