
Master-Slave Synchronous Control Method for
Attenuating Dual Mode Electromechanical
Transmission System Torsional Vibration
Hui Liu 

Beijing Institute of Technology School of Mechanical Engineering
Wei Zhang  (  weizhangysu@163.com )

Beijing Institute of Technology https://orcid.org/0000-0002-8305-1465
Xun Zhang 

Beijing Institute of Technology School of Mechatronical Engineering
Zhen Wang 

Beijing Institute of Technology
Pengfei Yan 

Beijing Institute of Technology

Original Article

Keywords: EMT, dynamic control, torsional vibration characteristics, active vibration control, master-slave
control

Posted Date: September 7th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-850373/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-850373/v1
mailto:weizhangysu@163.com
https://orcid.org/0000-0002-8305-1465
https://doi.org/10.21203/rs.3.rs-850373/v1
https://creativecommons.org/licenses/by/4.0/


 

 Master-Slave Synchronous Control Method for Attenuating Dual Mode 

Electromechanical Transmission System Torsional Vibration 
 

Hui Liu, Wei Zhang*, Xun Zhang, Zhen Wang, Pengfei Yan  

 

Abstract: The high-power electromechanical transmission(EMT) system is a typical dual-mode hybrid power transmission system. The 

torque fluctuation of internal combustion engine causes serious shock and vibration problems of EMT. It is an important way to improve 

the life and smoothness of EMT system by using high dynamic regulation of motor torque to suppress the torsional resonance amplitude. 

Firstly, a lumped parameter rotational dynamic model of multi degree of freedom EMT system is established, and the inherent torsional 

vibration characteristics and dynamic coupling mechanism of the system are analyzed. Secondly, based on the synchronous response of 

the two motors in the open-loop state, a master-slave coupling EMT torsional active control strategy is proposed, and a speed feedback 

proportional differential control algorithm is designed. Then, the influence of control parameters, including lever coefficient Kab, 

proportional coefficient Kp and differential coefficient Kd, on the vibration characteristics of the system is analyzed. Finally, the calculation 

is carried out in the frequency domain and compared with the optimal modal control algorithm. The results show that the lever coefficient 

Kab and differential coefficient Kd of master-slave control can change the natural frequency of torsional vibration of the system, thus 

significantly changing the vibration response of the system. Selecting appropriate control parameters can achieve peak clipping of EMT 

torsional resonance amplitude, which is also of great significance to improve the NVH performance of the system. 

Key words: EMT, dynamic control, torsional vibration characteristics, active vibration control, master-slave control 

 

 

1  Introduction 
 

Power split hybrid electric vehicle (HEV) is famous for its high efficiency and good dynamic performance, and has 
become a research hotspot in the field of hybrid electric vehicle in recent years. Fig.1 shows the structure diagram of a typical 
dual-mode power split hybrid electric vehicle. The core structure of the vehicle is the electro-mechanical transmission (EMT) 
which realizes the power split function. The external part of the transmission is connected with the internal combustion 
engine, axle and electric drive components. Three planetary gear sets (PG1, PG2, PG3), two motors (MGa, MGb), a clutch 
and a brake are integrated in the transmission box, in which (i= 1, 2, 3) is the grade of PG. The engine is meshed with planet 
carrier gear of PG1, and MGa is connected with ring gear of PG2 and inverter of battery. The sun gear and ring gear of PG1 
are respectively connected to the bracket of the sun gear and PG2. The MGB is connected to the sun gear of the PG3. The 
output shaft is connected to the bracket of the PG3. By engaging or disengaging the brake and clutch in the transmission, 
two different hybrid drive modes can be switched. In the first working mode (EVT1 mode), the brake is engaged and the 
clutch is disengaged. In this mode, the output driving torque is relatively large, but the output speed is low, which can only 
cover the low speed range of the vehicle. When the vehicle accelerates to a higher speed, the clutch engagement and brake 
disengagement are switched to the second working mode (EVT1 mode) by operating the oil pressure valve. Compared with 
EVT 1 mode, in EVT2 mode, the vehicle can run at a higher speed. The maximum driving torque of EMT decreases with 
the increase of vehicle speed, and the maximum torque is limited by engine power. In the whole speed range, the transmission 
ratio from engine to wheel changes continuously according to the speed. The engine and vehicle motion are decoupled. By 
controlling the transmission ratio, the engine can always run in the working range with the highest fuel efficiency [1]. 

 With the extensive and in-depth development of the research, the research direction gradually expands from structural 
design and energy management to dynamic coordination [2] and comfort improvement [3]. On the one hand, scholars study 
the transient process of mode switching, engine start and stop[4], focusing on reducing the impact force[5].On the one hand, 
the comprehensive analysis of the vibration characteristics of the system is devoted to improving the vibration response of 
the system[6]. 
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Fig.1.  Structure of dual mode power-split HEV 

Reducing the low frequency torsional vibration of EMT system is an important way to improve HEV performance. Many 
studies have considered the active vibration control algorithm of parallel hybrid electric vehicle. Cauet[6] designed a linear 
variable parameter control strategy based on the internal model principle of multi sinusoidal continuous disturbance, which 
reduced the first and second order speed oscillation of engine torque ripple. Morandin[7] connected the motor to the engine 
as the control actuator, and proposed a control algorithm based on adaptive multi resonance controller. 

However, the complex structure of the split transmission makes the dynamic analysis of the powertrain system difficult [8-

9]. There are more power sources and more complex power action and vibration transmission path in power split hybrid 
electric vehicle, which makes the realization of active vibration control extremely difficult. Kou [10] proposed a sliding mode 
control scheme to actively suppress the vibration of the power system. However, the torque relationship between motor and 
engine is established by assuming steady-state conditions. Ito [11] designed a feed-forward filter based on transfer function 
to compensate the torque ripple of the engine by compensating the torque of the motor. However, it is difficult to identify 
the transfer function of hybrid electric vehicle with power split. In addition, it is difficult to obtain the pulsating torque from 
the engine. Chen [12] considered the inertia effect of engine active damping vibration when starting and stopping, but ignored 
the inertia effect of planetary gear. Wang [14] proposed a mode conversion coordinated control algorithm for power split 
hybrid electric vehicle, which adopts model reference control to actively damp the vibration caused by acceleration without 
considering the torque fluctuation of engine. However, the algorithm does not consider the moment of inertia of planetary 
gear, and does not work for low-order torsional resonance. 

Active damping method based on self-learning algorithm is a common method in active vibration control, which has good 
adaptive ability and is insensitive to the changes of model parameters. The application scenario of active damping method 
is that the damping force from the actuator acts on two degrees of freedom with the same motion relationship. However, in 
EMT system, two motors do not have the same motion relationship. Therefore, the active damping method cannot be simply 
used to suppress the torsional vibration of EMT system. 

Yang [13] proposed a new efficient mode switching control method and an adaptive double loop control framework for 
mode switching control. FXLMS algorithm is the most famous algorithm in the active control of forced vibration, because 
it is reliable and easy to implement. FXLMS algorithm is widely used in active noise control [14], and it is also used in active 
vibration control of aircraft [16]. 

Aiming at the low-frequency torsional resonance of EMT, this paper focuses on the reduction of torsional vibration f peak 
value in the low-order resonance region. Based on the dual motor speed feedback, the master-slave motor control method is 
first proposed, the concept of leverage ratio is proposed, and the influence of leverage ratio on the resonance point of the 
system is analyzed. The active control algorithm of EMT torsional vibration based on PD algorithm is designed. The 
simulation results show that the control algorithm has significant suppression effect on two low order torsional resonance 
amplitudes of the system. 

2  Torsional Vibration Characteristics of EMT System 

2.1  Modeling of 6-DOF EMT system 

This paper studies the low-frequency torsional vibration and its control, which is harmful to the system. The meshing of 
shaft and gear with high torsional stiffness is ignored. At the same time, it is assumed that the gear is a rigid body, clutch and 
brake do not have sliding friction. According to the bench test analysis of a heavy dual-mode power split hybrid electric 
vehicle, the concentrated parameter angular vibration model of the hybrid electric vehicle is established, as shown in Fig.2. 
The model abstracts 4 spring damping elements and 16 inertia disks with concentrated mass. 



 

 
Fig. 2.  Multi-DOF lumped parameter dynamic system model 

Fig 2 shows the dynamic HEV model, where the subscript e is the engine and l is the load of the vehicle, while MGa or 
MGb can act as motor or generator respectively according to the current EVT mode. s represents the sun gear, c represents 
planet carrier, r represents ring gear, p represents planetary gears.𝑘𝑝𝑞(𝑝, 𝑞 = 𝑒, 𝑙, 𝑎, 𝑏, 𝑠𝑖, 𝑐𝑖, 𝑟𝑖) is the stiffness and and cpq 
is damping of the system. Jp is the moment of inertia of each component in the transmission. 

Since Jr1-Jc2, Js1-Js2, Jr2-Jmga, and Js3-Jmgb are rigid body components, they have the following motion constraints 
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According to the motion relationship of rigid planetary gear train, there are the following motion constraints 
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Where, Ki is the characteristic parameter of planetary gear train, Ki=Zr/Zs, Zr is the number of ring gear teeth, and Zs is the 
number of sun gear teeth. 

When the system is running, only one of the clutch and brake is closed, with the following motion constraints 
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By combining Eq. (1), Eq. (2) and Eq. (3), 10 associated degrees of freedom can be eliminated, and the number of 
independent degrees of freedom of the system becomes 6, which is obtained by taking the independent degrees of freedom 

of the system as the generalized coordinate x, e c1 ma g mb, , , , ,
T

l
x          . 

Taking the driving force and load force of the system as the external force, the generalized external force of the system 
can be obtained as [ ]0 0

T

e ma ma o
Q T T T T . 

According to Lagrange's equation, the system equation in matrix form can be obtained as follows 
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2.2 Torsional vibration characteristics analysis 

The natural frequencies of EMT system can be obtained from Eq. (4), including two zero natural frequencies and four 
non-zero natural frequencies. The double zero natural frequency represents that the system contains two different forms of 
rigid body motion, which determines the steady-state speed relationship of the system, as following equation 
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The four low order non-zero natural frequencies of EVT1 mode and EVT2 mode are shown in Table 1. 

Table 1.  Factors and their levels        Hz 

Serial number EVT1 mode EVT2 mode 

1 12.1 25.5 

2 42.8 42.9 

3 179.36 122.8 

4 426.7 413.6 

The matrix form of the system equation shows that the non-diagonal elements of the inertia matrix J have non-zero number, 
and the sparsity of the stiffness matrix K is low, which means that the system has the complex dynamic coupling 
characteristics of inertia coupling and stiffness coupling. The complex coupling characteristics increase the difficulty of 
system dynamics control. 

The torsional vibration response of the system is mainly driven by the harmonic torque of driving components (engine 
and motor). Due to the influence of cylinder pressure fluctuation and inertia torque, the actual output torque of piston internal 
combustion engine fluctuates greatly, which is the main excitation source of torsional vibration of transmission system, and 
the low-frequency fluctuation component has a great influence on the system performance. Due to the influence of the stator 
cogging structure and the non-sinusoidal characteristics of the inverter voltage, the electromagnetic torque of permanent 
magnet synchronous motor AB is also accompanied by high-frequency harmonic torque. Compared with the engine torque 
fluctuation, the motor torque harmonic amplitude is smaller, the frequency is higher, and the contribution to the low-
frequency torsional vibration of the system can be ignored. 

Therefore, the torque pulsation of engine determines the range of torsional vibration response of the system. The amplitude 



 

frequency characteristics of EMT speed fluctuation response excited by engine torque fluctuation are shown in Fig.3. 

  
(a) EVT1 mode                          (b) EVT2 mode 

Fig. 3. Speed response excited by engine torque 

It can be seen from Fig.3 that the frequency response characteristics of the two modes are significantly different near the 
first and third natural frequencies. It can be seen from Table 1 that this is mainly caused by the obvious difference between 
the first and third natural frequencies. 

In the process of EMT torsional vibration control, the motor, as the control actuator, outputs electromagnetic torque to 
suppress the vibration response of the system.In this paper, the improvement of the torsional vibration of the system when 
the fundamental torque of the motor is controlled is studied. Therefore, it is important to analyze the relationship between 
the torsional vibration state of the two motors and the torque pulsation of the engine under the condition of no torsional 
vibration control. 

When there is no torsional vibration control, the relationship between motor state and engine torque is shown in Fig. 4 
and Fig. 5 

   
(a) Amplitude frequency characteristics in EVT1 mode               (b) Phase frequency characteristics in EVT1 mode 

Fig. 4. Frequency characteristics of motor vibration 

   
(a) Amplitude frequency characteristics in EVT2 mode     (b) Phase frequency characteristics in EVT2 mode 

Fig. 5. Frequency characteristics of motor vibration 

Fig.4 and Fig.5 show that in the low frequency range of engine torque ripple excitation (10Hz<100Hz), the amplitude of 
speed fluctuation of the two motors basically keeps a fixed proportion, and the phase difference is small, so they can be 
considered to have a considerable degree of synchronization. 

 

3  Master-Slave Coupling Control 

3.1  Control architecture 

EMT control contains two control objectives. One is to adjust the torque value of each power component to achieve the 
target speed based on the rigid body motion state of the system to meet the power distribution and speed regulation 



 

requirements of the system. The other is to apply additional motor dynamic torque based on the torsional vibration state to 
suppress the torsional resonance amplitude of the system excited by the torque ripple of the engine. Therefore, EMT system 
adopts cascade control framework, as shown in Fig.6. The outer loop is used for system speed regulation, which is considered 
as slow dynamic. 

The inner loop is a high dynamic torsional vibration control, and the speed and torque of the outer loop are relatively 
stable in the torsional excitation time scale, which belongs to static control. The outer loop torque target is calculated by the 
vehicle controller. 

This paper focuses on the inner loop EMT torsional vibration control. 
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Fig. 6.  EMT control block diagram 

3.2  Master-slave coupling control 

Based on the PD feedback of double motor speed, the master-slave control method (MSAC) is adopted in this paper. One 
motor torque is taken as the dominant torsional vibration control torque, and the other motor torque is taken as the 
subordinate control torque. The two motors are master-slave relationship with each other, as shown in Fig.7. 
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Fig. 7.  Master-slave control (MSAC) block diagram 

The MSAC method mainly considers the following facts: 
(1) The traditional feedforward compensation control requires the accurate measurement of torque ripple and the analysis 

of dynamic characteristics. These requirements are often difficult to meet in reality. In the real working environment, the 
speed signal is the most easily obtained and trustworthy system state measurement signal. Feedback control using speed 
signal is the basic means of EMT torsional vibration suppression. 

(2) The measured signals of rotational speed and its differential contain abundant information of torsional vibration state 
of the system. 

(3) It can be seen from Fig. 4 and Fig. 5 that in the low-frequency torsional vibration region, the response of the two 
motors to the engine excitation is synchronous, and the master-slave control can ensure the timing of the control force of the 
two motors, which has advantages in the anti-interference of the controller. 

(4)From the view of dynamic topology, the synchronization and timing of master-slave control method is like virtual lever, 
which increases the internal force channel of the system. 

(5) From the coupling point of view, the master-slave control method establishes the state coupling constraint between the 
two motors through speed feedback, increases the force coupling channel independent of the planetary gear set, and provides 
a new possibility for torsional vibration suppression. 

Assuming that MGa is dominant, MGb is subordinate, which satisfies the following equation 

 mb ab ma
T K T   (7) 

As shown in Fig. 5, the torsional active control torque Tma and Tmb act as a virtual lever u in the system, so the coefficient 
Kab is defined as the lever ratio. 

Assuming that the dominant motor control adopts PD control, then 
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If the dynamic excitation torque of the engine is w(t), the closed-loop equation of MSAC system is  following 

 
    ( )M F x C G x Kx Bw t    && &

  (9) 

where

0 0 1

0 0 0

0

0

0

0 0 0

d d p p

ab d ab d ab p ab p

K K K K
F G B

K K K K K K K K

     
     
     
      

       
      

     
     
          

O O

 

3.3  Response characteristics driven by control parameters 

Let w(t)=0 in Eq.(8), the closed-loop dynamic characteristics of the MSAC can be obtained. The characteristics of the 
system are determined by the leverage ratio Kab, the proportional coefficient Kp and the differential coefficient Kd.  

When Kp =0.3, Kd =3, the effect of the lever ratio on the natural frequency of the system is calculated as shown in Fig. 8 
and table 2. 

   
(a) EVT1 mode                                       (b) EVT2 mode 

Fig.8 The natural frequency varies with Kab 

Table 2. Coordinates of frequency curve intersection (Kab, f) 

Point NO. EVT1 mode EVT2 mode 

1 (0.1840, 18.84) (0.1122, 31.89) 
2 (0.2562, 379.7) (0.2567, 332.3) 
3 (0.2574, 20.96) (0.3531, 53.21) 
4 (0.307, 89.47) (0.4558, 62.86) 
5 (0.3838, 87.40) --- 

 

Fig.8 shows that in EVT1 mode, with the increase of Kab, the 1st and 2nd order natural frequencies coincide at No.1point 
and separate at No.3 point. The 3rd and 4th order natural frequencies intersect at No.2 point. The 2nd and 3rd order natural 
frequencies intersect at No.4 point and separate at No.5 point. At No.4, the 2nd and 3rd order natural frequencies coincide, 
and the 2nd order natural frequency reaches 89.47Hz, which is very effective for improving the low-frequency torsional 
vibration of the system. 

In EVT2 mode, with the increase of Kab, the 1st and 2nd order natural frequencies coincide at No.1 point and separate at 
No. 3 point. The 3rd and 4th order natural frequencies intersect at No.2 point. The 2nd and 3rd natural frequencies intersect at 
No.3 point and separate at intersection No. 4 point. Between No.3 point and No.4 point, the 1st natural frequency of the 
system is eliminated, and the lower frequency value is larger, which is more effective for improving the low-frequency 
torsional vibration of the system. 

Therefore, the natural frequency of the system changes significantly with the change of Kab , and there is a parameter 
region where the torsional vibration order decreases. Reasonable lever coefficient value can eliminate the one order natural 
frequency and improve the dynamic characteristics. 

The variation of system natural frequency with differential coefficient Kd is shown in Fig.9 and Table 3. In this case, the 
controller parameters are set as Kab=0.1 and Kp= 0.3. 



 

   
(a) EVT1 mode                          (b) EVT2 mode 

Fig.9 The natural frequency varies with Kd 

Table 3. Coordinates of frequency curve intersection (Kd, f) 

Point NO. EVT1 mode EVT2 mode 

1 (2.215, 96.93) (2.127, 73.81) 
2 (2.427, 368) (2.356, 70.12) 
3 (2.369, 111.3) (2.384, 17.02) 
4 (2.557, 19.03) (2.428, 318) 
5 --- (3.02, 32.5) 

Fig.9 and table 3 shows that the natural frequency changes significantly with the increase of Kd, and there is a parameter 
region where the torsional vibration order decreases.  

Fig 9 (a) shows that in EVT1 mode, with the increase of kd, the 2nd-order modal frequency curve and the 3rd-order 
modal frequency curve coincide at Point 1 and separate at Point 3. Therefore, when kd is located in the region 
(2.215,2.369) the resonance in the midfrequency (100-300Hz) of the system is reduced by one.The 1st-order modal 
frequency curve and the 2nd-order modal frequency curve coincide at Point 4. Therefore, when kd=2.557, the resonance 
in the low-frequency (≤100Hz) of the system is reduced by 1. The 3rd-order modal frequency curve and the 4th-order 
modal frequency curve coincide at Point 2. Therefore, when kd =2.427, the resonance in the highfrequency (≥300Hz) 
of the system is reduced by 1. Therefore, kd plays a significant role in improving the EVT1 mode vibration 
characteristics of the system. 

Similarly, as can be seen from Fig 9 (b), inEVT2 mode, with the increase of kd, the 2nd-order modal frequency curve 
and the 3rd-order modal frequency curve coincide at Point 1 and separate at Point 2. Therefore, when kd is located in 
the region (2.127,2.356) the resonance in the midfrequency (100-300Hz) of the system decreases by 1. The 1st-order 
modal frequency curve and the 2nd-order modal frequency curve coincide at Point 3 and separate at Point 5. Therefore, 
when kd is located in the region (2.384,3.02) the resonance in the low-frequency (≤100Hz) of the system is reduced by 
1. The third-order modal frequency curve and the fourth-order modal frequency curve coincide at Point 4. Therefore, 
when kd =2.425, the resonance in the highfrequency (≥300Hz) is reduced by 1. Therefore, kd plays a significant role 
in improving the EVT2 mode vibration characteristics of the system. 

In brief, Fig.9 shows that reasonable differential coefficient Kd can eliminate the first natural frequency and improve the 
dynamic characteristics. 

The variation of the natural frequency of the system with the proportional coefficient Kp is shown in Fig.10. In this case, 
the controller parameters are set as Kab=0.1, Kd=2. 

   

(a) EVT1 mode                                                 EVT2 mode 



 

Fig.10 The natural frequency varies with Kp 

Fig.10 shows that the differential coefficient Kp does not change the value of the natural frequency of the system, but only 
affects the response amplitude of each natural frequency. 

Comparing with figure 8, figure 9 and figure 10, it can be seen that the influence of master-slave coupling control method 
on the torsional vibration response of EMT system is determined by the leverage coefficient Kab, the proportional coefficient 
Kp and the differential coefficient Kd. The leverage coefficient Kab and the differential coefficient Kd can change the natural 
frequency of the torsional vibration. 

Reasonable control parameters can achieve peak clipping of EMT torsional resonance amplitude. The optimal control 
parameters are Kp=0.3, Kd=3, Kab_evt1=0.268,Kab_evt2=0.31. 

 

3.4  Independent mode space optimal control (IMSOC) 

In order to highlight the peak clipping effect of MSAC, this paper also designs the optimal control method based on 
IMSOC[17] for simulation and comparison. The simulation results are compared. 

Make a linear transformation to the Eq.(4).Let Q=0. The natural frequencies fi and mode shapes Φi are obtained. 
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The following equation is obtained 
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Further transformation 
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Where Mp is the main mass matrix, Kp is the main stiffness matrix, T

N
  is the orthogonal normalization matrix, 

=T

N N
M I  is the unit matrix, 

1 i=diag( , , )T

N N
K    L is the spectral matrix, and Q is the 6-dimensional modal coordinate 

vector and T

N
f Bu  is the 6-dimensional modal control vector. ωi is the the i-th mode frequency. 

The above equation is transformed into a decoupled state equation about the state vector z in the modal space 
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The output equation is as follows 
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Where C1 and C2 are the output observation matrices of velocity and displacement respectively, 1 2[ , ]T

N N
C C C   

1 2 6, ( , , , )diag    L , Ci is the observation matrix of the i-th mode. 
The i-th mode equation is 
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fi is the i-th mode control force. 
The i-th mode output is 

 
1 0

0 1
i i

q
y Cz

q

   
     

   

&
  (16) 

The linear quadratic performance equation is selected as 
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where ri is the positive weighting coefficient. 
The i-th mode control quantity is 

 1 2

i i

i i

q
u Gz g g

q

        

&
  (18) 

When  = , ,
i i i

f t q q& , the mode control is the independent mode space control (IMSC). 
Select linear proportional control as follow 
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Take Eq.(19) into Eq. (17) 
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， . According to the linear quadratic optimization theory, the control law of the infinite time 

regulator is as follows 
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Where P is obtained from Riccati algebraic equation 1 0T T
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    . 

The control block diagram of IMSOC is shown in Fig.11. 
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Fig. 11.  Control block diagram of IMSOC 

4  Simulation Comparison of EMT Torsional Vibration Control 

The simulation parameters of MSAC are set as Kp=0.3, Kd = 3, Kab_EVT1=0.267, Kab_EVT1=0.3. 
In contrast, the IMSOC is used to suppress the 1st order and 2nd order torsional vibration modes. 
The control objectives of master-slave motor active control (MSAC) and optimal mode space control (imsoc) are to reduce 

the resonance peak at low frequency. 
The control objectives of Master-Slave motor Active Control (MSAC) and Independent Mode Space Optimal Control 

(IMSOC) are to reduce the resonance peak in low frequency region. The amplitude frequency characteristics of vibration 
angular velocity response of each independent degree of freedom of EMT under engine pulsating torque excitation are shown 
in Fig. 12 to Fig. 17. 



 

 

(a) EVT2 mode                        (b) EVT2 mode 

Fig. 12.  Amplitude frequency response characteristics of inertia disk speed ωe excited by engine torque Te  

 

(a) EVT2 mode                        (b) EVT2 mode 

Fig. 13.  Amplitude frequency response characteristics of inertia disk speed ωc1 excited by engine torque Te  

 

(a) EVT2 mode                        (b) EVT2 mode 

Fig. 14.  Amplitude frequency response characteristics of inertia disk speed ωma excited by engine torque Te  

 

(a) EVT2 mode                        (b) EVT2 mode 

Fig. 15.  Amplitude frequency response characteristics of inertia disk speed ωg excited by engine torque Te  



 

 

(a) EVT2 mode                        (b) EVT2 mode 

Fig. 16.  Amplitude frequency response characteristics of inertia disk speed ωmb excited by engine torque Te  

 

(a) EVT2 mode                        (b) EVT2 mode 
Fig. 17.  Amplitude frequency response characteristics of inertia disk speed ωl excited by engine torque Te  

Fig.12 to Fig.17 show that EMT system has four order torsional vibration modes in the two working modes, and the 
natural frequencies of each mode are listed in Table 1. In the low frequency region, the torsional vibration response peaks of 
the 1st and 2nd modes are extremely large, which is the main factor to deteriorate the ride comfort performance of the system. 

Compared with the EMT without control, the imsoc algorithm is only effective for the controlled mode, which not only 
attenuates the response amplitude, but also reduces the resonance frequency, so that the vibration response peak of the first 
and second modes is obviously suppressed. At the same time, the first frequency is reduced from 12.1 Hz to 9.4 Hz, and the 
second frequency is reduced from 42.8 Hz to 42.3 Hz.For the uncontrolled frequency region from the third to the fourth 
mode, the vibration response of the system increases and the performance deteriorates. 

Compared with the EMT without control, the MSAC algorithm reduces the resonance points of two low frequency ranges, 
and makes the amplitude attenuation within 500Hz very smooth. There is no obvious peak point, which is very good for 
EMT system torsional vibration peak clipping. 

Compared with the IMSOC algorithm, the MSAC algorithm has better peak clipping effect and great application potential. 

5  Conclusions 

This paper analyzes the dynamic characteristics of EMT system and designs the dynamic control algorithm 

(1) In the low frequency region, the EMT system contains four torsional modes, which have a great impact on the NVH 

performance of the system, among which the 1st order and 2nd order torsional mode resonance make the largest contribution. 

(2) The torsional vibration suppression effect based on master-slave control is closely related to the influence of leverage 

coefficient Kab and feedback coefficient Kp and Kd. 

(3) The influence of master-slave coupling control method on the torsional vibration response of EMT system is 

determined by the leverage coefficient Kab, the proportional coefficient Kp and the differential coefficient Kd. The leverage 

coefficient KAB and differential coefficient Kd can change the natural frequency of torsional vibration of the system, which 

has the ability of "frequency shift". 

(4) The master-slave motor control algorithm can effectively attenuate the peak value of torsional vibration response and 

improve the dynamic quality of EMT system. 
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