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Abstract: This article aims to study the simulation and design of automobile automatic clutch under
mechatronics. A new control strategy for the automatic clutch of the electromagnetic transmission is proposed.
The clutch mechanism model, clutch drive model, clutch system model, and internal combustion engine
model are constructed. The fuzzy logic control performance of the automatic clutch was verified in different
operating modes, including starting on flat roads and mountain roads. The method provides a reasonable
reference for the design of an automatic clutch of electromagnetic continuously variable transmission.
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1 Introduction

Clutch failure affects the quality of cars and damages the image of enterprises [1]. Clutch faults can be
divided into the following types: start shaking, slipping, heavy pedal, and abnormal sound. The aforemen-
tioned faults are caused by the complicated clutch combination process, incomplete separation, and
difficult control [2]. The traffic jam caused by the increasing number of cars year by year is obvious, and
this also put forward higher requirements for driver’s control technology. Therefore, good control tech-
nology plays an important role in the reliability of the clutch [3]. According to the statistics, the clutch is
used 8–10 times per kilometer while driving in a busy city. The frequent shift not only brings physical
consumption to the driver but also brings mental burden, leading to safety risks. Therefore, it is very
important to require a clutch with simple and convenient operation, low cost, and excellent performance
[4]. With the rapid development of continuously variable transmission (CVT), the control method has made
great progress from early mechanical control and mechanical hydraulic control to widely used electro-
hydraulic control. The CVT has the unique advantage of being able to change the speed ratio simultaneously
without interrupting the torque transmission. Currently, a new type of electromechanical control electromag-
netic coupling continuously variable transmission (EM-CVT) is proposed, which relies on disc spring pressure
to ensure the clamping force of pulley [5]. The motion of the pulley can be controlled by the speed control
system, which mainly includes the motor, reduction gear, actuator, sensor, and electronic control unit (ECU).
Because there is no hydraulic system, the efficiency of the new CVT can be improved by more than 10%
compared to electro-hydraulic control. Therefore, EM-CVT is likely to be the development direction of the
next-generation of CVT [6], as shown in Figure 1.
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The failure diagnosis function needs to be added to the software system, so that the driver can quickly
diagnose the system faults for emergency handling. The slope function helps to accommodate vehicles on
mountain or hilly areas. This system performance needs to be further improved.

2 Literature review

To obtain the pulleys’ clamping force, a disc spring is used. In short, the control of clamping force can be
ignored. Therefore, EM-CVT has only two control purposes as follows: (1) automatic clutch control for
vehicle start and (2) control problems of EM-CVT speed control system. The new CVT expands the applica-
tion range of automatic clutch and provides the large-scale application capability of automatic clutch [7].

Ompusunggu et al. used the movement of the viscosity change of the emulated reality liquid between
the parallel plates to transfer power, keeping the two plates always in a slip state, and designed the Oga
clutch, providing a new product with advanced technology for the realization of energy-saving fan speed
regulation [8]. Kashiri et al. based on the Bingham model puts forward the theoretical design of the disc-
type electrorheological clutch; puts forward the following requirements for the basic structure of the
electrorheological clutch, including the clutch insulation, high pressure, sealing, and the specific selection
method of plate structure spacing; and carries out the specific structural design. It has laid an important
foundation for the structural research of electrorheological clutch in the future [9].

To improve driving comfort when the engine starts, Dong et al. have developed a multiphase sliding
coordination control strategy to achieve sliding coordination between the disconnected clutch and the shift
clutch. A detailed kinetic model of the entire power system, including the engine, p2-hybrid automatic
transmission (AMT), dual-mass flywheel, electromagnetic motor, and drive resistance, was established to
support the formulation of the control strategy and analyze the transient behavior of the engine start
process. Joint simulation platform and control strategy were based on Simulink software. Trials were
performed on plug-in hybrid electric vehicles. Simulation and experimental results show that the transmis-
sion system vibration can be effectively reduced by the slip coordination between the clutch and the shift
clutch [10].

The connection control of the mechanical AMT clutch is related to the comfort, safety, and service life of
the vehicle. A two-layer structure control strategy based on AMT clutch autoactuators targeting clutch engage-
ment speed was proposed byWang et al. The robustness of the proposed control algorithmwas verified by the
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Figure 1: Vehicle starting current variable clutch control.
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Joint Simulation platform (TruckSim, MATLAB/Simulink). Experimental results show that the double-layer
control strategy initiation significantly improves the vehicle performance during ramp initiation [11].

A mechanism-oriented control strategy to cut off the negative damping introduction process caused by
the Stribeck effect was proposed by Yuan et al. From the experimental analysis, the characteristic frequency
of starting jitter is mainly concentrated around 8.25 Hz, consistent with the first-order inherent frequency of
the driveline. The 13 degree of freedom powertrain branch model is established and compared with the
time–frequency domain experiment results to verify the effectiveness and accuracy of the branching model
reflecting the starting jitter characteristics. The mechanism of the initiating damping is profoundly revealed
by the introduction of negative damping and the source of the characteristic frequencies. The positive
feedback closed loop caused by the negative gradient characteristics of the Stribeck effect is the decisive
factor that increases the speed fluctuation of the clutch slave plate, which is the manifestation of the
negative damping. The core idea of the mechanism-oriented control strategy is to cut off the positive
feedback closed loop by fine-tuning the release bearing position. Simulation and experimental results
show that the proposed system shows good shake vibration suppression performance [12].

Dual-speed or multispeed AMT can significantly improve the overall handling performance of electric
vehicles in terms of shift quality and energy efficiency. An automatic two-speed clutch-free electric vehicle
transmission (2AT) and a motor control shift mechanism were fully designed by Liu et al. First, a new dual-
speed clutch AMT using the motor control shift mechanism is designed to realize the shift action and
synchronization of the driving motor and speed control; the coordinated control strategy of different shift
motors are described in detail to realize fast and smooth shift and to optimize the torque trajectory with the
minimum principle. Simulation and experimental results verify the correctness of the designed 2AT shift
mechanism design and shift control algorithm in terms of shift response and stationarity [1].

Byun et al. aim to develop a simplified gear drive mechanism to replace manual gear transmission and
make the car driver shift simple. The main goal is to automate the gear train so that the technology can be
used by competent people as well as people with different capabilities to achieve low fuel consumption,
leading to low carbon emissions and hence more efficient vehicles. The technique includes a proximity
sensor that calculates the rotational speed of the wheel and inputs input information into the microcon-
troller that shifts gears by activating the corresponding clutch to change the speed of the vehicle without
any manual operation [13].

To realize the lightweight of plastic replacing steel, the plastic clutch pump is studied and developed.
The clutch pump body connected between the upper and lower pump bodies by friction welding process
shall meet the technical requirements of withstanding 14 MPa pressure and high durability. The welding
type for the end surface of the upper and lower pump bodies is proposed by Agarwal et al. The structure of
the clutch pump body (upper and lower pump) is determined by the static analysis of the pump body and
welding joints. According to the established welding process, the clutch pump body pressure is greater than
15 MPa, the number of high-temperature durability cycles reaches 7.210 times, and the number of room
temperature durability cycles reaches 7.310 times. The results show that the structural design of the clutch
pump body meets the design requirements [14].

Auto parts are subject to large power and vibration under working conditions, and they require a
detailed system analysis to work properly. The clutch is one of the important components of the automobile
power transmission system, with torque transfer, control, and vibration reduction characteristics. Metal
helical springs are widely preferred within the clutch disc due to their durable mechanical properties to
combat dynamic variables in cars. Genc et al. studied a clutch system consisting of metal spring dampers
and rubber spring dampers, while observing its mechanical behavior during use. To study the dynamic
characteristics of the hybrid damper in the clutch system, the torsional endurance was simulated with the
functional bench test. The results show that the hybrid damper has good durability within the shock
absorber torque drop range acceptable to the test vehicle test results. These results also suggest that, for
midsized vehicles, the hybrid damper is an optional target vehicle comfort level [15].

To improve the shift characteristics of the AMT, the hydraulic line of the clutch must be controlled and
optimized. A model-based automatic calibration method of AT clutch hydraulic pressure was proposed by
Lee et al. The automatic calibration method proposed in this study aims to develop a process that auto-
matically performs the basic adjustment of the clutch control parameters by experts currently in the
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transmission development stage. The calibration method consists of a simulation model, a vehicle simula-
tion analysis algorithm, and an automatic calibration algorithm based on the optimization process,
together with an iterative simulation and analysis. Simulation results show that the proposed method
can successfully and effectively complete the base map drawing of the clutch hydraulic lines [16].

This article focuses on the development of electronic control strategy for an automatic clutch.
Simulation results verify the rationality and feasibility of the control system. This method can be used as
an important component of the overall control strategy of EM-CVT.

3 Automatic clutch system

Electronically controlled automatic clutches control motors, clutch control mechanisms, controllers, and
various sensors [17,18]. The automatic charging system is structured as a worm gear reducer that reduces
the motor speed and a lasso shift that rotates the clutch shift fork around a fixed fulcrum, driving the clutch
sleeve to move [19–21]. When the motor reverses, the lasso moves to the right, and the big end of the
diaphragm spring acting on the spring moves the release bearing to the left while pressing the drive disc
against the flywheel [22]. The controller needs to collect the following information: internal combustion
engine throttle speed, internal combustion engine speed, speed (or continuous variable transmission
output shaft speed), brake pedal signal, and automatic clutch worm output angle signal [23,24]. Since
most of the signal can be obtained from the vehicle controller unit, the angular displacement sensor that
feeds its output angle signal to the system is installed in the worm reducer. The function of the angle signal
is to control the motor trip and ensure the combined speed of the driven disk [25,26].

3.1 Mathematical model of control system

Assume that the displacement of the big end of the clutch is x, and the antidrag torque is generated by the
moving rod through the lasso of the worm reduction gear. Due to the role of self-locking worm, the torque
cannot transfer the motor, and the motor overcomes the static torque to drive worm and worm rotation, so
that the length of the lasso changes. The change is equal to the rotation radius of the worm rotation
angle [27,28].
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If the control mechanism of elastic deformation is ignored, the movement of clutch disc x′ is expressed
as follows:

′ = ⋅x x i ,3 (2)

where ∫=θ n tdd is the output angle of the motor, nd is the speed of the motor, r1 is the cross-sectional
radius of the worm, i1 is the ratio of the worm gear, i2 is the transmission ratio of the lever mechanism, and i3
is the length ratio of the large and small ends of the diaphragm spring.

The DC motor is selected as the power supply of the control mechanism, with a rated power of 120W, a
rated voltage of 12 V, and a rated speed of 3,000 rpm. In this article, the dynamic equation is combined with
the DC motor and the voltage balance equation to establish a mathematical model of the motor:
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where U is the armature voltage of the DC motor, e = Ce nd is the back electric torque of the DC motor, Ce is
the voltage constant of the dc motor, R is the dc armature resistance, =T L

R1 is the time constant, Jd is the
moment of inertia of the DC motor, Td = CTid is the electromagnetic torque of the DC motor, CT is the torque
coefficient of the DC motor, and T1 is the load torque of the DC motor.

3.2 Control strategy of automatic clutch system

The clutch engagement process is divided into four stages (some literature divided into three stages):
During the period when the drive plate is connected to the flywheel, the clutch is in idle operation
(0∼Δ)； When the transmission torque of the clutch overcomes the resistance torque and the clutch driven
plate starts to rotate, the clutch is in the ready engagement stage (Δ∼t1)；When the clutch driven plate is in
the sliding friction state, the clutch is in the sliding stage (t1∼t2); When the speed of clutch driven plate (ωc)
Less than flywheel speed of internal composite engine (ωe) When the clutch is fully engaged (t2), the
flywheel and driven plate rotate synchronously.

When the vehicle starts, the electronic control automatic clutch engagement is carried out as follows:
the CVT shifts from neutral or parking to reverse with or without the braking signal. The Dc motor starts to
spin, and the drive worm and worm gear start to spin. According to the feedback signal from the angular
displacement sensor, the clutch releases the lasso until the electronically controlled automatic control
clutch reaches the semi-connected position. It will prevent vehicles from skidding at the start of the
ramp. Then, according to the throttle opening, the clutch will determine the driver’s intent and confirm
operating conditions. In the idling operation of electronic control automatic clutch, the armature voltage
age of the DC motor is the maximum value that can maximize idling operation time (δ), which can not only
accelerate into the joint preparation stage but also ensure that the engaging performance of electronic
control automatic clutch is not affected [25,26]. Therefore, during idle operation, the armature voltage of the
DC motor maintains the rated voltage value (12 V). The drive disk is in a semi-federated transition state after
an idle run. If the driver does not release the brake pedal, the DC motor’s pressure voltage is zero, the motor
stops spinning, and the electronically controlled automatic clutch remains half-connected [26,30]. For
electronically controlled automatic clutch engagement in the preparation and friction stages, fuzzy lan-
guage is used in this article to describe the relationship between input and output as follows.

Internal combustion engine throttle opening α: (small, small, medium, and large), internal combustion
engine flywheel; electronically controlled automatic clutch drive disk Δn: (large, medium and small), DC
electric armature voltage U: (small, medium, and large). The fuzzy control module of the electronic control
automatic clutch is constructed by using the fuzzy logic control toolbox of simulation ink. The subordinate
functions and control rules are selected according to the experimental errors, which can be adjusted and
modified according to the simulation and experimental results. To ensure that the engagement speed of the
electronically controlled automatic clutch varies with the engagement degree, the voltage of the DCmotor is
decided by the opening angle (α) of the internal combustion engine throttle and the speed difference (Δn)
between Uis flywheel and pole plate. The speed difference (Δn) is used to correct the voltage (U) of the motor
according to the control strategy. As shown in Table 1.

Table 1: DC armature voltage fuzzy control rules

Speed, difference, voltage, throttle, opening, degree Tiny Small Medium Large
Large Small Medium Large Large
Medium Tiny Small Medium Medium
Small Tiny Tiny Small Small
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3.3 PID control theory

PID control theory has become one of the widely used control technologies in industrial process control
after more than half a century of development. Its main advantages are simple structure, good stability, and
easy to implement. The basic principle of PID control is to use proportion, differential, and integral control
algorithm to reasonably calculate the system error generated by the controlled object and realize the control
of the whole system. The control parameters of the PID controller are as follows:
(1) Proportion (P) control link: When there is a deviation in the system, the link adjusts the system

deviation according to a certain proportion to reduce the error [31,32]. The larger the proportional
coefficient is, the shorter the response time and the smaller the steady-state error of the system are.
However, if the scale coefficient is too large, the system overshoot will be too large and the system
robustness will be reduced.

(2) Differential (D) control link: Reflect the change rate of system dynamic deviation in real time to ensure
the good dynamic performance of the system. The larger the differential coefficient, the smaller the
overshoot of the whole system. However, if the differential coefficient is too large, the stability of the
whole system will be reduced.

(3) Integral (D control link: The steady-state error of the system can be eliminated. The larger the integral
coefficient, the more obvious the integral effect, and the smaller the steady-state error of the system [12],
the shorter the system response time. However, if the integral coefficient is too large, the system
stability will be reduced.

Fuzzy control is based on human experience and is mainly applied to those controlled objects, which
are difficult to establish an accurate mathematical model. If the specific practical experience of this experi-
enced personnel is described and expressed in fuzzy language, it will be a qualitative and imprecise control
rule “creation,” which has the following advantages:
(1) Fuzzy control is a kind of nonlinear intelligent control method, which belongs to nonlinear control and

has a wide range of applications.
(2) There is no need to establish an accurate mathematical model for the controlled object. When a complex

object cannot be modeled, people can also design a fuzzy controller by summarizing the experience of
the controlled object.

(3) The system has good robustness. The parameters in the fuzzy controller are easy to adjust and are not
easily affected by the changes of the controlled object. The system shows strong robustness.

The clutch system model is discussed, and the torque transfer relationship during clutch bonding and
separation is given. The performance indexes of the bonding process – shock degree and sliding work – are
analyzed. This article discusses the control strategy of the starting process and the shift process, determines
the clutch engagement amount and the engagement speed, and lays the theoretical foundation for the
software design of the whole control system.

4 Simulation experiment analysis

Driver operation: at 0. 5 s, CVT hangs on the forward gear, releases the hand brake (or releases the brake
pedal), and opens the throttle to the pre-set target for 1 s. Figure 2 shows the simulation results of 20% and
80% throttle opening degree. This figure shows that when the throttle opening degree is small and the
electronic control automatic clutch meshing time is long, the control effect of the electronic control auto-
matic clutch meets the control requirements; otherwise, the bonding time is less than 2 s [33,34]. In the
figure, the clutch position is clearly divided into three stages, reflecting the control law. At the position of
reaching the initial engagement point, the transmission input shaft speed increases slowly from 0, and the
speed also increases, realizing a slow start, reducing the starting impact, and ride comfort.
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The starting point was selected for the larger starting condition, and the feasibility of the simulated
electronic control automatic clutch control strategy was verified based on the starting condition of 10%
slope. In contrast to ground start, mountain start should ensure that the vehicle does not slip. In the driver
method of operation: the CVT is suspended from the forward gear at 0. At 1 s, the hand brake (or the brake
pedal) is released. By comparing 20% with 80% throttle opening and referring to the starting condition of
20% throttle position, the internal combustion engine will keep low speed for a long time, and the state
limit may cause the internal combustion engine to shut down. In this situation, the driver usually lowers the
throttle position. At the same time, in the case of ramp start, if the throttle opening degree is small, the
electronic control of the automatic clutch engagement time will be greater than 2.6 s, which will lead to a
great friction work and make a greater wear. However, the combination of flywheel and driven disk
produces little mechanical impact. Compared with the simulation results of the two starting conditions,
the electronic control automatic clutch control strategy developed in this article can still meet the use of
the vehicle in mountain starting conditions, although the vehicle start time lags behind, to ensure that there
is no sliding when starting.

To study the response of electronically controlled automatic clutch under the condition of emergency
start, two conditions were set up for simulation comparison, as shown in Figure 3. One is to go from 0 to
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Figure 2: Simulation results of different throttle positions under flat road starting conditions.
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100% in a very short period of time. The second type is normal starting conditions where the driver
increases the throttle reinforcement level from 0 to 30%. As can be seen from the figure, under the condition
of emergency start, the engagement time of the electronically controlled automatic clutch is about 2 s, and it
is also found that the vehicle has a large acceleration during emergency start.

The simulation results are shown in Table 2, and the impact degree is within the reasonable range of
ride comfort requirements. Only near the semi-joint point and the synchronous instantaneous, impact of
the main and driven parts of the clutch is very large, which is mainly caused by the sudden change of the
clutch transmission torque at these two moments. The greater the throttle opening and the faster the
change, the shorter the clutch combination time, the greater the impact, and the greater the electric field
intensity. This shows that the fuzzy adaptive PID control strategy proposed in this article can ensure the ride
comfort and speed requirements of the vehicle starting process under various working conditions.

The simulation results of the three working conditions are shown in the following table, and the
impact degree is within the reasonable range of ride comfort requirements. When the half joint near the
main transmission part of the clutch synchronizes instantaneously, the impact is very large, which is
mainly caused by the sudden change of the transmission torque of the clutch at this moment. The greater
the throttle opening degree and the faster the change, the shorter the binding time of the clutch, the
greater the impact degree, and the greater the electric field strength. This shows that the fuzzy adaptive P
industry D control strategy proposed in this article can ensure the ride comfort and speed requirements of
the vehicle starting process under various working conditions (Table 3).

5 Conclusions

In this article, the control strategy of electronically controlled automatic clutch is put forward. According to
the basic control strategy, the automatic clutch engagement speed (DC armature voltage) controlled by
electronic control can match the change of driving disk position (speed difference) and driver’s intention
control (throttle opening), fuzzy logic control rules are proposed, and the simulation model of electronic
control automatic clutch is built by SIMU-link. The rationality and feasibility of the proposed control
strategy of electronic control automatic clutch are verified by combining the conditions of ordinary smooth
road starting, mountain starting, and emergency starting. The hardware design of ECU is completed, using
80C196 as the microprocessor, according to the system function and control requirements, making full use
of single-chip microcomputer resources, and establishing the functional circuit modules. After this has
become a power supply circuit, speed detection circuit, gear detection circuit, LCD drive circuit, and motor

Table 2: The degree of impact is in the comfort

Binding time Maximum impact Maximum electric field strength

Reptile start 1.99 5.03 2,797
Start normally 1.92 5.06 2,925
Get started quickly 1.78 8.94 3,070

Table 3: Comparison of simulation results of clutch combination process under three working conditions

Combined with the time Maximum impact Maximum electric field strength

Crawl start 1.78 4.97 2,806
Normal start 1.69 4.99 2,799
Quick start 1.81 9.01 3,100
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H bridge drive circuit design, these constitute the clutch control system hardware platform. This article
provides the more reliable theoretical basis and design reference for the design of automatic clutch. This
article focuses on the development of electric control automatic clutch control strategy. Simulation results
verify the rationality and feasibility of the proposed control system. The proposed method can be used as an
important component of the overall control strategy of EM-CVt.
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