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Abstract – In order to apply the X-by-wire technology to 

electric vehicle transmission and improve driving 

performance, a novel TBW (Transmission-By-Wire) system 

is creatively advanced. The electronic gear selector and 

electromagnetic clutch coil are directly connected with TBW 

controller by wire without servo mechanism. The 

configuration and control principle of the TBW system are 

analyzed, and the dynamic model of TBW and the friction 

disk type electromagnetic clutch model are established. 

According to the system control process, the TBW controller 

model is built using Matlab software. The TBW controller 

model is imported into the vehicle simulation model built in 

the Cruise software, and the performance of TBW system is 

simulated. Simulation results show that the electric vehicle 

equipped with TBW system has good shifting quality, which 

lays a foundation for further study of the TBW system. 
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I. INTRODUCTION 
   

With the development of automotive electronic 

technology and system integration, the widely application 

of X-by-wire technology bring fundamental changes to the 

executive mechanism of traditional vehicle. The 

technology uses wires to transmit the signal of driver’s 

intention to controller and then transmit control signals to 

actuators. In theory, X-by-wire technology can be applied 

to all the vehicle control, and the study of the technology 

and X-by-wire vehicle has become hot spots of the world
 

[1,2]. The applications of steer-by-wire, brake-by-wire, 

drive-by-wire and suspension-by-wire improve automotive 

fuel economy, layout flexibility of driving parts and 

driving comfort [3,4,5]. 

The utilization of transmission in pure electric vehicle 

(EV) is of great significance to improve power 

performance and energy efficiency [6]. At present, the 

following three structures of the drivetrain are mostly 

utilized in EV: a two-speed planetary gear transmission, a 

two-speed automated mechanical transmission and a two-

speed dual clutch transmission [7,8,9,10]. The first 

transmission is simple, but it cannot achieve power 

shifting and is difficult to optimize performance and 

efficiency. The second and third transmission can power 

shift and with high efficiency, but the servo mechanism of 

clutch is needed to add, such as motor or hydraulic 

mechanism, which increases the complexity of the 

structure and control process. In this paper, aiming at the 

inadequacies of the existing EV transmission and 

combining the advantage of X-by-wire technology, the 

TBW (Transmission-by-wire) system applied in EV is 

presented innovatively. 

II. TBW SYSTEM CONFIGURATION 
 

Compared with other types of transmission, the 

outstanding merit and innovation is that the clutch pedal, 

synchronizer, transmission control servo mechanism and 

the mechanical connection between gear selector lever and 

transmission are cancelled in the TBW system. The 

vehicle condition signal is transferred to TBW controller 

by wire, and the controller directly control the coil current 

of power device and electromagnetic clutch.  

The basic configuration of the TBW system for EV is 

shown in figure 1. TBW system mainly includes electronic 

gear selector, selector lever position sensor, vehicle 

condition signals, TBW controller, motor controller and 

TBW, etc. The vehicle condition signals are transmitted 

through CAN bus, which including speed sensor signal, 

acceleration pedal and brake pedal travel sensor signal. 

 

 
Fig.1. Configuration of TBW system for EV 

 

As shown in figure 2(a), the structure diagram of TBW 

includes the friction disk type electromagnetic clutch 1(C1) 

and clutch 2 (C2), input shaft and output shaft speed 

sensor, transmission gears, etc. 

The power transmission line of TBW in first speed is as 

follows: input shaft→central input gear→input gear 

1→C1→first gear pair→output shaft. Transmission state 

of the first speed and second speed are controlled by C1 

and C2.The excitation coil current of the electromagnetic 

clutch is controlled by the TBW controller through pulse 

width modulation signals, and then the intensity and 

timing of the engagement and separation of clutch are 

controlled by the controller, which realizes the gear shift. 
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1.Input shaft; 2.Central input gear; 3. Input gear 1; 4. Input 

gear 2; 5.C1; 6.C2; 7. First gear pair; 8. Second gear pair; 

9.Output shaft 

Fig.2. Structure diagram of TBW 

 

III. TBW SYSTEM MODEL 
 

A. TBW dynamic model 
According to the structure and working principle of 

TBW, simplify it as an equivalent system of discretization 

[11]
 
and its dynamic model is shown in figure 3. 

 
Fig.3. Dynamic model diagrame of TBW 

Note: Ie, Iv are the equivalent moment of inertia of motor 

and vehicle; Ic1, Ic2 are the inertia of C1 and C2; Te, TO are 

the output torque of motor and transmission; Tc1, Tc2 are 

the transmit torque of C1and C2; Tv is the vehicle driving 

resistance torque; ωe, ωO are the output shaft speed of 

motor and transmission; ωc1, ωc2 are the driven plate speed 

of C1 and C2; ωv is the vehicle speed; ce, cv are the 

equivalent rotational damping coefficient of motor and 

vehicle; im is the input gear ratio; i1, i2 are the first and 

second gear ratio; i0 is the final ratio. 

 

The start way of EV is that operates transmission 

running in first speed and then control motor torque to 

complete a smooth start[12]. The dynamic equations of in 

the engagement process of C1 are as follows: 

𝑇𝑒 − 𝐼𝑒𝜔 𝑒 − 𝑐𝑒𝜔𝑒 = 𝑇𝑐1 𝑖𝑚     (1) 

𝑖1𝑖0 𝑇𝑐1 − 𝐼𝑐1𝜔 𝑐1 = 𝑇𝑣 + 𝐼𝑣𝜔 𝑣 + 𝑐𝑣𝜔𝑣    (2) 

The dynamic equations that after C1 engagement and 

the transmission start completed are as follows: 

𝜔𝑒 = 𝑖𝑚𝜔𝑐1 = 𝑖𝑚 𝑖1𝑖0𝜔𝑜 = 𝑖𝑚 𝑖1𝑖0𝜔𝑣    (3) 

𝑇𝑒 = 𝜔 𝑒  𝐼𝑒 +
𝐼𝑐1

𝑖𝑚
2 +

𝐼𝑣

 𝑖𝑚 𝑖1𝑖0 
2 +

𝛿𝑚𝑟2

 𝑖𝑚 𝑖1𝑖0 
2 +

𝑇𝑣

𝑖𝑚 𝑖1𝑖0
  (4) 

𝐼𝑒𝜔 𝑒 +
𝐼𝑐1

𝑖𝑚
𝜔 𝑐1 = 𝑇𝑒 −

𝑇𝑜

𝑖𝑚 𝑖1𝑖0
    (5) 

The TBW shift process is divided into three stages: 

drive steadily stage of original gear, clutch slip stage of 

gear overlap, and drive steadily stage of new gear. The 

dynamic model of the first and third stage is similar to the 

single gear running state after the transmission start 

completed, which is the (3)-(5). The dynamic equations of 

the second stage are as follows: 

𝑇𝑒 − 𝐼𝑒𝜔 𝑒 − 𝑐𝑒𝜔𝑒 = 𝑇𝑐1 𝑖𝑚 − 𝑇𝑐2 𝑖𝑚    (6) 

𝑖1𝑖0 𝑇𝑐1 − 𝐼𝑐1𝜔 𝑐1 + 𝑖2𝑖0 𝑇𝑐1 − 𝐼𝑐1𝜔 𝑐1 = 𝑇𝑜   (7) 

𝑇𝑜 = 𝑇𝑣 + 𝐼𝑣𝜔 𝑣 + 𝑐𝑣𝜔𝑣      (8) 

B. Electromagnetic clutch model 
The structure of the friction disk type electromagnetic 

clutch is shown in figure 2(b). The transmission torque of 

clutch is controlled by TBW controller through controlling 

the excitation current of clutch electromagnetic coil. The 

transmission torque of clutch is determined by the friction 

between the driving and driven plate. Meanwhile, the 

friction is mainly determined by the pressing force 

between the driving and driven plate. The transmission 

torque of the clutch is: 

𝑇 = 𝜇𝑅𝑚𝐹 𝑚 − 1      (9) 

where 𝜇  is friction coefficient, and it divided into static 

and dynamic friction coefficient; m is friction plate 

number; F is the pressing force between the driving and 

driven driving; 𝑅𝑚  is the effective radius of friction 

surface, which is the arithmetic average radius of the 

friction surface under the condition of uniform wear. 

The effective radius of friction surface of the static 

friction state is: 

𝑅𝑚 =
2 R3−R0

3 

3 R2−R0
2 

      (10) 

where 𝑅 is the outer radius of friction surface; 𝑅0  is the 

inside radius of friction surface. 

The effective radius of friction surface of the dynamic 

friction state is: 

𝑅𝑚 =  R + R0 /2     (11) 

The pressing force is electromagnetic force of armature, 

the expression is: 

𝐹 = 4𝐵2𝑆 108 = 4 𝑆  
0.4𝜋𝐼𝑊

 1+𝜎  𝑚−1 𝛿
 
2

108    (12) 

where 𝐵 is effective magnetic induction intensity; 𝑆 is the 

section area of magnetic path; 𝐼 is the excitation current; 

𝑊  is the number of coil turns; 𝜎  is magnetic leakage 

coefficient; 𝛿 is friction plates gap. 

According to the mathematical model of the clutch, the 

simulation model is built in the MATLAB software, and 

the relationship between the electromagnetic force and the 

excitation current of the friction disk type electromagnetic 

clutch is shown in figure 4. As can be seen from the 

picture, with the increase of the excitation current, the 

electromagnetic suction also increases. When the 

excitation current increases to a certain value, the clutch 

magnetic circuit to reach saturation state, and then increase 

the excitation current, the electromagnetic suction 

unchanged. 

The relationship between static friction torque and 

excitation current of the friction disk type electromagnetic 

clutch is shown in figure 5. From the diagram, the 

characteristics of the static friction torque versus the 

excitation current are similar to the electromagnetic 

6
4

1
2

3

5 7

9

8

(a) (b)

Motor I e

ωe Te

C1 ωc1 Tc1

I c1

C2 ωc2 Tc2

I c2

ωo To

I v

ωv Tv

Vehicle

im

i1

i2

i0
im

cv

ce



 
 
 

Copyright © 2015 IJASM, All right reserved 

162 

International Journal of Applied Science and Mathematics 

Volume 2, Issue 5, ISSN (Online): 2394-2894 
 

suction versus the excitation current. The difference 

between the two characteristics is that there is no friction 

torque when the excitation current is very small. Because 

the armature will not be able to attract fewer than 20% ~ 

30% rated current, and thus the friction torque cannot be 

generated. 

 
Fig.4. Relationship curve of force and current 

 

 
Fig.5. Relationship curve of torque and current 

 

C. TBW controller model 
TBW controller is the core part of TBW system, and it 

takes charge of the realization of TBW system control 

function. TBW controller consists of two control layer: the 

top layer realizes the control decision of TBW system, that 

are system operating mode selection, decision-making of 

gear, gear shift control strategy and fault tolerance control 

strategy; the sub-layer realizes the target parameter  

accurate control of motor and the magnetic coil of clutch. 

The operational process of TBW controller is shown as 

figure 6. TBW controller receives gear signals from 

electronic gear selector, and controls the system operating 

modes according to driver’s gear requirements. The 

operating modes are as follows: 

Running on P: clutch is controlled outage by TBW 

controller, and the output shaft of transmission is locked 

by mechanical locking mechanism; 

Running on R: C1 is controlled electrify by TBW 

controller, and the motor controller controls the motor 

reversal. 

Running on N: TBW controller makes clutch at the 

power-up state outage;  

Running on D: TBW controller receives the signal of 

speed and the APO (Accelerator Pedal Opening) from 

CAN bus, when the vehicle speed is zero, TBW controller 

control C1 engaged; after vehicle start completed, TBW 

controller continue to monitor the signal of vehicle 

condition, when speed and APO satisfy the shift schedule, 

TBW controller figures out the target torque of clutches 

and motor, and then sends control signal to clutch coil and 

motor controller while the clutch and motor controller 

send feedback state signal to TBW controller. This forms 

closed loop control of clutch and motor torque. 

 
Fig.6. Operation flow chart of TBW controller 

 

According the operational process of TBW controller, 

the TBW controller model and vehicle simulation model is 

established in Matlab/Simulink as figure 7. TBW module 

is built by Matlab/Simdriveline. 

The variable relationship between the position change of 

gear selector lever and vehicle velocity and the output 

torque of C1 and C2 is shown as figure 8 and figure 9. The 

gear-selecting signal’s 0, 1, 2, 3 is on behalf of selector 

lever position P, R, N, D respectively. As the figure shows, 

selector lever is on P at 0-2s, while velocity is 0, C1 and 

C2 output no torque and on outage; selector lever is on D 

at 2-13s, while velocity increases to 40km/h and then 

decrease to 0, and shift twice in this period, upshift at 7s 

and downshift at 12s; selector lever is on N at 13-15s, 

while velocity is 0, C1 and C2 output no torque and on 

outage; selector lever is on R at 15-19s, motor reverses 

and C1 outputs torque; selector lever is on P at 19-21s, 

while velocity is 0, C1 and C2 output no torque and on 

outage. The states of C1 and C2 in above process satisfy 

the design requirement. 

 
Fig.7. Vehicle simulation model 
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Fig.8. Relationship curve of t-SS-V 

 

 
Fig.9. Relationship curve of t-TC1-TC2 

 

IV. UNITED SIMULATION AND ANALYSIS OF 

TBW SYSTEM 
 

Simulate the identification and shift process of equipped 

with TBW system, and the main structural and technical 

parameters of EV are shown in Table 1. 

Table 1: The main parameters of EV equipped with TBW 

system 

Vehicle mass 1580kg 

Tire radius 0.30m 

Coefficient of rolling resistance 0.01 

Coefficient of air resistance 0.3 

Frontal area 2.73m
2
 

Vehicle maximum velocity 100km/h 

Maximum climbing capability 12° 

Gear ratio I0:5.65; i1:3.7;  i2:1.5 

Maximum/Rated motor speed 7500/3000r/min 

Maximum motor torque 50Nm 

 

The united simulation model consists of TBW controller 

model built in Matlab/Simulink and vehicle model built in 

Cruise. The TBW controller model is compiled into 

dynamic-link library file (.dll) through Matlab’s automatic 

code generation function, and then embeds this file into 

Cruise to simulate, shown as in figure 10. The structure in 

dashed box is the structural model of TBW.  

 
Fig.10. United simulation model of EV 

 

The vehicle velocity, motor torque, displacement and 

torque of C1 and C2 under UDC are shown as Fig.11. The 

size of the clutch release value represents the compaction 

state, and the course of release value changing from 1 to 0 

denotes the engagement process of clutch, the opposite is 

separation process. As shown in this figure, the torque of 

motor and clutch change with velocity, clutch torque in the 

current gear change synchronous with motor torque. At 

60s, velocity and APO reach upshift point, C1 separate 

fast and torque decreases to 0; C2 joint slowly and torque 

increase to 6.5Nm that equal to motor torque. The whole 

process of shifting from C2 starts to joint to torque reach 

6.5Nm stably is 981ms. The C2 torque ripple in joint 

process is 12Nm. At shifting timing point such as 92s, 

132s and 185s, the shifting time are short and the torque 

ripple range is small. Simulation results demonstrate that 

TBW system is not only satisfied the requirement 

performance of transmission, but also keep the vehicle in 

better driving performance.  

 
Fig.11. Vehicle state diagram of UDC 

 

V. CONCLUSION 
 

The TBW system proposed in this paper adopts the 

pattern that transmits the vehicle condition signals to TBW 

controller by wire and then directly and flexibly control 

the coil current of power device and electromagnetic 

clutch by the output signal of TBW. The simulation results 
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show that the way that directly control the clutch coil 

current can shorten the average shift time, and provides a 

platform for precise control current change, which can 

reduce torque fluctuation and improve shift quality. A 

solid foundation is laid by the research in this paper for the 

subsequent control strategy optimization of TBW. 
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