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Abstract – A new type of power system parameters of six-geared automatic transmission-by-wire in vehicle is 

proposed. In order to evaluate its vehicle performance index and improve transmission system efficiency, based on a 

certain existing vehicle model, the shortest acceleration time and the lowest fuel consumption per 100 km are optimized. 

The powertrain parameters of the six-speed automatic transmission are optimized by adaptive genetic algorithm. The 

simulation software ADVISOR is used to establish the vehicle model of the six-geared transmission-by-wire, and the 

optimized dynamic parameters are simulated and analyzed under the NEDC cycle condition. The optimization results 

show that under the NEDC cycle condition, the fuel consumption of the vehicle is reduced by 2.82%, the acceleration 

time of 0~100km is shortened by 11.01%, the acceleration time of 0~60km is shortened by 8.33%, and the acceleration 

time of 60~100km is shortened by 13.11%. 
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I. INTRODUCTION 

As an important part and core component of modern automobile power transmission, automatic transmission 

is one of the important factors that determine and affect the quality of automobiles [1]. Therefore, the influence 

of the reasonable optimization of the dynamic parameters on the dynamics, economy, comfort, reliability and 

handling stability of the vehicle is self-evident. At the same time, the vehicle must take into account the fuel 

economy under the premise of meeting the dynamic indicators to meet the increasingly stringent emission 

regulations [2]. 

X-By-Wire was first used in aircraft, evolved from aircraft wire-controlled technology [3], and gradually used 

in Throttle-By-Wire, Braking-By-Wire, Steering-By-Wire and other vehicle systems. The x-by-wire technology 

of the car refers to the control mode of the aircraft, and the driver's manipulation command is converted into an 

electric signal through the sensor and then input into the electronic control unit (ECU), and then the electronic 

control unit generates a control signal to drive the actuator to perform the required operation. At present, lots of 

auto companies at home and abroad and many universities and colleges are conducting the application and 

research of x-by-wire technology. Toyota's precision-controlled throttle-by-wire system on the Lexus LS430 

flagship model improves driving stability and fuel economy. Based on the line-controlled transmission technology, 

this paper researches and develops a new type of power system automatic transmission-by-wire [4]. And take a 

certain existing model as the research object, combined with the vehicle power and working characteristics to 

match the power transmission parameters, using genetic algorithm to optimize the dynamic parameters. At the 

same time, the simulation analysis was carried out using ADVISOR simulation software. This research provides 

possibilities and feasibility for the development of new transmissions and the development of new automotive 

technologies. 
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II. TBW PROJECT DESIGN 

In order to overcome the shortcomings of the existing mainstream transmission hydraulic system and the 

cumbersome shifting mechanism [5], this paper proposes a new type of parallel shaft type annular arrangement 

six-geared automatic transmission-by-wire system, the main structural feature of the TBW assembly is that a line-

controlled power shifting element is respectively set for each gear, and the line control mode is adopted to realize 

the upshift, downshift and in-position operation control of each gear to meet the power-shifting of each gear. 

Block and car shifting requirements. Its structural diagram is shown in Figure 1. 

 

a). Ring Layout 

 

b) Structural diagram. 

10A First gear input gear 10C First gear drive gear 10D First gear driven gear 20A Second gear input gear 20C Second gear drive gear 20D 

Second gear driven gear 30A Third gear input gear 30C Third gear drive gear 30D Third gear driven gear 2 Fourth gear input gear 3 Fourth 

gear output gear 50A fifth gear input gear 50C Fifth gear drive gear 50D Fifth gear driven gear. 

Fig. 1. TBW three-dimensional structure. 

Compared with the traditional automatic transmission, the automatic transmission proposed in this paper 

cancels the complex parts of the hydraulic, pneumatic system and shifting mechanism of the conventional 

automatic transmission, instead of being arranged the power shifting element between the input gear and the 

driving gear on each of the retaining shafts., the TCU adopts a wire-controlled manner to control the on-off and 

power-off of each of the power-shifting elements to complete the engagement and disengagement of the respective 

power-shifting elements to complete the shifting action. 
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III. DYNAMIC PARAMETER MATCHING AND OPTIMIZATION 

A. Basic Vehicle Parameters 

This paper is based on a fixed transmission ratio car as the research object, the basic parameters and 

performance requirements of the vehicle are shown in Table 1. 

Table 1. The basic parameters of vehicle. 

Parameter Numerical Unit 

L*W*H 4440/1700/1783 mm 

Curb Weight 1270 Kg 

Radius of the wheel 0.280 m 

Frontal area A 2.05 m2 

Air resistance Coefficient CD 0.3 -- 

Train efficiency T  0.9 -- 

Main reduction ratio 
0i  3.727 -- 

Initial gear ratio 3.627/2.012/1.284/1/0.817/0.754 -- 

B. Dynamic Parameter Matching 

1. Maximum Gear Ratio Selection 

The choice of the maximum gear ratio of the car and the choice of the lowest gear ratio of the car transmission 

are determined by the maximum grade [6], the adhesion and the minimum stable speed of the designed car, that 

is: 
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2. Minimum Gear Ratio Selection 

The choice of the minimum gear ratio of the car needs to take into account the car's climbing ability, acceleration 

capability and the match between the car's transmission and the engine's performance, that is: 
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Where Ttq is the engine torque at the highest speed and the highest speed. 

Calculated by formula (1) and formula (2), we can get 
maxi  6.96，

mini  7.33. 

C. Dynamic Parameter Optimization 

1. Optimization Variables and Objective Function Determination 

Power system parameters are key factors affecting vehicle dynamics, economy and emissions [7], in view of 
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the research basis of this model based on a certain model, the power source and the ratio of the final reducer have 

been determined, so the gear ratio of each gear of the designed line-controlled transmission is used as the 

optimization variable, that is: 

 
TT

1 2 3 4 5 6 1 2 3 4 5 6, , , , , , , , , ,g g g g g gX x x x x x x i i i i i i      (3) 

Acceleration time [8], as one of the evaluation indexes of automobile power, can fully reflect the dynamic 

performance of the car. Therefore, the shortest acceleration time of the car is optimized as the dynamic sub-

objective function. According to the analysis of the acceleration performance of the car, the function expression 

of the acceleration time is: 
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Where 
0t is the start time; 

i  is car rotation mass conversion factor for each gear; 
, 1i iu 

 is the shifting speed of 

adjacent gears under dynamic shifting law; 
tF   is driving force for cars; 

f wF F   is the rolling resistance and 

driving resistance during driving. 

The fuel consumption per 100 kilometers under the NEDC cycle condition is taken as the economic objective 

function. The fuel consumption per 100 kilometers of the whole cycle is: 
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Where, 
fG is engine unit time fuel consumption;   is fuel density; v is constant speed; 

1S  is constant speed 

travel; 
0tQ  is fuel consumption per unit time at time t0; tnQ is fuel consumption per unit time at time tm; 

iQ  is idle 

fuel consumption; 
st  is idle parking time. 

The weighted factor transformation method is used to transform the double objective optimization function into 

a comprehensive objective function. The expression is: 

1 1 2 2( ) ( ) ( )F X f x f x    (6) 

Where, 
1   is dynamic weighting factor; 

2   is economic weighting factor; 
1 ( )f x   is dynamic objective 

function; 
2 ( )f x  is Economic objective function; 

1 2 1   . 

2. Constraints and Algorithm Selection 

For the limitations of the minimum performance indicators that the car needs to meet during driving, such as 

the maximum speed of the car, the maximum grade, the maximum power factor, the ground conditions, the range 

of adjacent gear ratios, etc., the constraints are now organized as follows: 

 



 

Copyright © 2019 IJASM, All right reserved 

175 

International Journal of Applied Science and Mathematics 

Volume 6, Issue 5, ISSN (Online): 2394-2894 

2

1 max 6 0

0

max max

2 1 0

max

3 6 0

max

max 1 0

4

4

1

( ) ( ) 0
21.15

( cos sin )
( ) 0

( ) 0.377 0

( ) 0

( ) 0

D

g

tq T

g

tq T

g

tq g T

gi

i k

gi

C Ar
g X Gf u i i

T i

G f r
g X i i

T

nr
g X i i

v

T i i
g X N

r

i
g X q

i



 











   


 

  




  


   


   


                                                   (7) 

Where, 
max is maximum slope; G  is vehicle gravity; maxtqT  is maximum engine torque; 

kq is adjacent gear 

ratio, 1
1 /k

k g gkq i i ; n is engine speed. 

Adaptive Genetic Algorithm (AGA) is an intelligent optimization algorithm based on basic genetic algorithm 

and improved by genetic operators [9]. Adaptive genetic algorithm requires crossover probability and mutation 

probability in genetic operators, and adjusts at any time according to the evolution of the population; In the initial 

stage of evolution, it is required that the crossover probability in the genetic operator is large and the mutation 

probability is small, so that the population can be globally searched in a wide range; In the later stage of evolution, 

when the optimization result is close to the optimal solution, the crossover probability in the genetic operator is 

required to be small, and the mutation probability is large, so that the population is searched locally in a small 

range. The calculation expressions of AGA's crossover probability and mutation probability are shown in 

equations (8) and (9). 
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Where, pc is the cross probability; pm is the probability of mutation; pcmax is the maximum crossover probability; 

pcmin is the minimum crossover probability; pmmax is the maximum mutation probability; pmmin is the minimum 

mutation probability; itmax is the largest algebra; iter is the current algebra; favg is the average fitness value of the 

population; f is the individual fitness value to be mutated. The specific operation flow of the algorithm is shown 

in Figure 2. 
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Fig. 2. The specific operation flow of the AGA algorithm 

3. Optimization Results 

Based on the multi-objective function of power and economy, the final optimization results in the gear ratio of 

the six-geared TBW. The results are shown in Table 2. 

Table 2. The optimized results of transmission ratio. 

Transmission ratio ig1 ig2 ig3 ig4 ig5 ig6 

Optimized result 3.841 2.103 1.401 1 0.851 0.785 

Pre-optimization results 3.627 2.012 1.284 1 0.817 0.754 

IV. VEHICLE SIMULATION ANALYSIS 

A. Vehicle Simulation Model Establishment 

According to the layout of the whole vehicle and the transmission system, the TBW model is established by 

using the ADVISOR [10] simulation platform. The vehicle model is shown in Figure 3. 

 

Fig. 3. The vehicle simulation model 

B. Simulation and Analysis 

The European NEDC standard cycle conditions are selected to simulate the vehicle performance. At the same 

time, the acceleration performance test parameters are set under the simulation window, that is, the acceleration 

time and the maximum vehicle speed in different acceleration intervals. The simulation results after vehicle 

optimization are shown in Figure 4 the simulation results before and after optimization are shown in Table 3. 
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a) Speed under NEDC conditions 

 

b) Fuel consumption efficiency map 

 

b) Cumulative fuel consumption of vehicles before and after optimization in cycle conditions. 

Fig. 4. Simulation results. 



 

Copyright © 2019 IJASM, All right reserved 

178 

International Journal of Applied Science and Mathematics 

Volume 6, Issue 5, ISSN (Online): 2394-2894 

Table 3. The simulation results before and after optimization. 

Performance Pre-optimization results Optimized result Rate of change % 

Maximum Speed /(km/h) 180.3 183.1 1.55 

Maximum Acceleration /(m/s2) 3.5 3.9 11.43 

0~60km/h Acceleration Time/s 4.8 4.4 -8.33 

60~100km/h Acceleration Time /s 6.1 5.3 -13.11 

0~100km/h Acceleration Time /s 10.9 9.7 -11.01 

100 km Fuel Consumption /(L/100km) 7.1 6.9 -2.82 

It can be seen from the above that the power system parameters optimized by the adaptive genetic algorithm 

have improved the vehicle dynamics and fuel economy to different degrees, which indicates that the algorithm is 

effective and feasible in the optimization of dynamic parameters. 

V. CONCLUSION 

This paper proposes a new type of power system parameters of six-geared automatic transmission-by-wire in 

vehicle. The device adopts a parallel shaft type annular arrangement and a new type of magnetic coupling line-

controlled power shifting element, which can realize shifting power control of each line and the shifting process 

without interruption. At the same time, based on a certain existing model, the adaptive genetic algorithm is used 

to optimize the power system parameters. Combined with the simulation software ADVISOR, the vehicle model 

is modified by modifying the simulation module and the vehicle parameters, and the European NEDC standard 

cycle condition is selected. The optimized results were analyzed for dynamics and economics. The simulation 

results show that the optimized dynamic parameters meet the requirements of automotive design performance 

indicators, the transmission efficiency and engine working efficiency reach the expected goal, and the proposed 

TBW power system scheme is feasible. Comparing the optimization results before and after, the vehicle dynamics 

and economy are effectively improved, indicating the rationality of the optimization method, and provides 

reference for the development of this type of transmission. 

REFERENCES 

[1] Yi Zhang, Chen Yan, Baoyu Zhang. Automatic Transmission Development Situation analysis [J]. Mechanical Engineering & Automation, 

2017(04): 222-223+226. 

[2] Zhiming Li, Yulin Wang, Jinqin Tang, Xiyang Hao. Design and Simulation Analysis of a New Type of Planetary Gear Plug in Hybrid 
Power System [J]. Journal of Mechanical Transmission, 2018, 42(04):87-91. 

[3] Zhengjun Wang, Xing Li, Yuanqing Li, Meng Chen. Research Status and Prospects of Vehicle Transmission-By-Wire [J]. Science and 

Technology Innovation Herald, 2015, 12(21):8-9. 
[4] Xiaoxiang Gong, Siqin Chang, Lichen Jiang, Xiaopan Li. A Novel Brake-By-Wire Unit and Control System for Electric Vehicle [J]. 

Journal of Shanghai Jiaotong University., 2016, 50(03):395-400. 

[5] Jinyu Qu, Jihua Wang, Zhengbin Guo, Pan Zhang, Chuanbo Ren. A Three-Gear Automatic Transmission for Electric Vehicle with A 
Brushless Control-By-Wire Centrifugal Ball Arm Engagement Device [P]. Chinese Patent: CN201710015082.0, 2017-01-09. 

[6] Dexiang Zhao, Rui Qin. Present Situation and Development Trend of Automotive Transmission in China [J]. Highways & Automotive 

Applications, 2015(01):26-29. 
[7] Chen Qi, Jinyu Qu, Pan Zhang, Zhengbin Guo, Nana Lv. Magnetic Field Modeling and Dynamic Response Analysis of A New Line 

Control Electromagnetic Clutch[J]. Journal of Guangxi University (Nat Sci Ed), 2015(01):26-29. 

[8] Yunchao Yin, Chen Qi, Jinyu Qu. The Designation and Simulation of a New Type of Electromagnetic-Clutch-By-Wire [J]. International 
Journal of Engineering and Advanced Research Technology, 2016, 2(9):13-17. 

[9] Zhisheng Yu. Theory of vehicle [M]. Beijing: China Machine Press, 2007:18-21. 

[10] Xiaohua Zeng, Weijun Gong. ADVISOR2002 Simulation and Redevelopment Application of Electric Vehicle [M]. Beijing: China 
Machine Press, 2004: 1-8. 

 
 

 

 



 

Copyright © 2019 IJASM, All right reserved 

179 

International Journal of Applied Science and Mathematics 

Volume 6, Issue 5, ISSN (Online): 2394-2894 

AUTHORS PROFILE’ 

 

Zhuowen Zhao,  

School of Transportation and Vehicle Engineering, Shandong University of Technology, China, Shandong, Zibo, Zhangdian, 

255049. Master in reading, Male, email id: xzw940302@163.com 
 

 

 

 

Jinyu Qu,  

School of Transportation and Vehicle Engineering, Shandong University of Technology, China, Shandong, Zibo, Zhangdian, 
255049 (Correspondence author). Doctor of Engineering, Male, Associate professor. email id: qujinyu@sdut.edu.cn. 

 

 

 

Hu Mu,  
School of Transportation and Vehicle Engineering, Shandong University of Technology, China, Shandong, Zibo, Zhangdian, 

255049, Master in reading, Male. email id: muhu1995@163.com 

 

 

Tianmiao Zhang,  

School of Transportation and Vehicle Engineering, Shandong University of Technology, China, Shandong, Zibo, Zhangdian, 255049, Master 

in reading, Male. 

 

Jiashan Mi, 

School of Transportation and Vehicle Engineering, Shandong University of Technology, China, Shandong, Zibo, Zhangdian, 255049, Master 
in reading, Male. 

 

 

 

 

 

 

 

 

 

 

 

 

 

mailto:xzw940302@163.com
mailto:qujinyu@sdut.edu.cn
mailto:muhu1995@163.com

