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ABSTRACT−The automated mechanical transmission (AMT) is gaining popularity in the automotive industry, due to its

combination of the advantages of mechanical transmissions (MT) and automatic transmissions (AT) in terms of fuel

consumption, low cost, improved driving comfort and shifting quality. However, the inherent structural characteristics of the

AMT lead to disadvantages, including excessive wear of the clutch plates and jerk and traction interruption during the shift

process, that severely affect its popularity in the automatic transmission industry. The emerging technology of shifting control

without the use of the clutch is a promising way to improve the shifting transients of AMTs. This paper proposes a control

algorithm that combines speed and torque control of the AMT vehicle powertrain to achieve shifting control without using the

clutch. The key technologies of accurate engine torque and speed control and rapid position control of the shift actuators are

described in detail. To realize accurate engine speed control, a combined control algorithm based on feed-forward, bang-bang

and PID control is adopted. Additionally, an optimized closed-loop position control algorithm based on LQR is proposed for

the shift actuators. The coordinated control algorithm based on engine and shift actuator control is described in detail and

validated on a test vehicle equipped with an AMT. The results show that the coordinated control algorithm can achieve shifting

control without the use of the clutch to improve driving comfort significantly, reduce shift transients and extend the service

life of the clutch. 

KEY WORDS : AMT, Shifting without using clutch, LQR control, Feed-forward control, Bang-bang control

1. INTRODUCTION

There has been a clear trend in the automotive industry in

recent years toward better ride comfort and fuel efficiency.

As the power transfer unit in automobiles, the transmission

plays an important role in vehicle performance and fuel

economy. There are several types of transmissions and

associated technologies that provide different levels of

performance. Unlike other transmission types, such as the

automatic transmission (AT), the continuously variable

transmission (CVT), and the dual clutch transmission

(DCT), the AMT retains some of the unique advantages of

manual transmissions, including the ability to use existing

manufacturing facilities to reduce production costs, high

efficiency and lower weight. However, AMTs also have

disadvantages, including the jerk generated during shifting,

excessive wear in the clutch friction plates, and torque

interruption during the shifting process, that significantly

affect the popularity of AMTs in the automatic transmission

industry. 

To improve the performance of AMTs, a new method of

shifting without using the clutch is proposed in this paper.

The literature on methods for shifting without using the

clutch is relatively small. Wang (2007) and Pei (2009)

introduced a control algorithm for shifting without

releasing the clutch in heavy commercial vehicle AMTs in

which an additional brake device was installed on the input

shaft of the transmission, thereby reducing the interruptions

caused by releasing the clutch and adjusting the torque

during the shifting process. Magnus and Lars (2000)

analyzed the resonance of the drivetrain system caused by

shifting without using the clutch and introduced a

coordinated control algorithm based on a state observer and

PID control to reduce the effect of the drivetrain resonance.

Wang (2006) proposed a combined control algorithm for

engine control during shifting without the use of the clutch

based on adjusting the throttle opening, ignition timing,

and fuel injection, and a simulation was performed with

good results. However, there has been no research on

shifting without using the clutch in conventional AMTs

without structural modifications. With the development of

electronic engine control systems, it is feasible to shift

without using the clutch in a conventional AMT. A

combined control algorithm for shifting without using the

clutch in a conventional AMT is proposed in this paper.

Precise engine speed control, optimized control of the gear

selection and shifting processes and a system-level

coordinated control algorithm are used to exploit the

potential of shifting without using the clutch in conventional

AMTs with no structural modifications. *Corresponding author. e-mail: guolingkong@gmail.com
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2. TRANSIENT DYNAMIC ANALYSIS FOR 

AMT SHIFTING WITHOUT USING CLUTCH

The structural diagram of an automotive powertrain is

shown in Figure 1. The main components of the powertrain

are the engine, the clutch, the wheel, the main reducer and

the transmission, which consists of five forward gears and

one reverse gear. The main difference between the

conventional shifting process and shifting without using

the clutch is that the inertia of the components driving the

synchronizer in the two processes is significantly different.

The inertia of the conventional synchronizer input end

includes the inertias of the clutch driven plate, the

transmission input shaft and the constant-mesh gears. The

driving inertia of the synchronizer when the clutch is

engaged during the shifting process not only includes the

conventional synchronous inertia but also includes the

inertias of crankshaft, the flywheel and the clutch driving

plate. Therefore, the transient dynamics are quite different.

The process of shifting without using the clutch can be

divided into five phases: decreasing the engine torque, shift

off, adjusting engine speed, shift on and restoring the

engine torque. 

A 3-DOF finite element model of the AMT is obtained

by considering the engine, the clutch, the transmission

input and output shafts and the vehicle. Because the clutch

stays engaged during the shifting process, the released state

of the clutch is ignored. Thus, the pre-shifting, gear shifting

off and synchronization states are considered. The

simplified lumped-inertia powertrain model is shown

schematically in Figure 2. 

2.1. Dynamic Analysis of Pre-shifting

The clutch and the synchronizer stay engaged before

shifting. Thus, the powertrain can be considered a closed

system, and the clutch rotational speed is proportional to

the transmission output shaft speed, i.e., . The

equations of motion of the system are as follows:

(1)

(2)

(3)

, (4)

where J is the inertia, θ and its two derivatives are the

rotational displacement, velocity, and acceleration, ω is the

rotational speed, T is the torque, k is the stiffness

coefficient, and B is the damping coefficient. The

subscripts e, c, i, o, and v indicate the engine, clutch,

transmission input shaft, output shaft, and vehicle,

respectively. Additionally, ig is the gear ratio, im is the main

reducer ratio, TL is the load torque from the road, TeL is the

engine inner resistance torque, M is the vehicle mass, g is

gravity, ϕ is the angle of inclination, A is the vehicle area,

CD is the drag coefficient, V is the vehicle speed, ρair is the

air density, f is the rolling resistance coefficient, and R is

the radius of the tire.

2.2. Dynamic Analysis after Shifting Off

The system becomes a 4-DOF system after shifting off. The

main characteristic of this phase is that the clutch is kept

closed from shifting off until the gears engage again. Thus,

the inertia of the driving components of the synchronizer

includes the inertias of the engine, the clutch, the

transmission input shaft and the constant-mesh gears. The

equations of motion of this phase are as follows:

(5)

(6)

(7)

(8)

As shown in Equation 5, to achieve the different engine

speeds needed during upshift and downshift, the engine

torque, Te, can be adjusted.

2.3. Dynamic Analysis of Synchronization

The system still has 4 DOF during the synchronization

process. The engine speed regulation should be started

soon after shifting off, and gear selection can be performed

in parallel with the speed regulation. Generally, the speed

regulation process takes longer than the gear selection, and
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Figure 1. Structural diagram of vehicle drivetrain with AMT.

Figure 2. Simplified model of AMT drivetrain.
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thus the shifting on action can proceed after the speed

regulation is accomplished. However, errors always exist,

regardless of how accurate the engine speed control is.

Because the speed difference ∆ω between the driving and

the driven parts of the synchronizer cannot be zero during

synchronization, the equations of motion of this phase are

as follows:

(9)

(10)

(11)

(12)

(13)

where Tm is the synchronizing torque in the synchronizer

cone, F is the shifting force applied to the synchronizer, R

is the average effective radius, µ is the friction coefficient

between the friction surfaces of the ring and the ring gear,

and α is the cone angle of the ring.

3. ANALYSIS OF CONTROL ALGORITHM FOR 

SHIFTING WITHOUT USING CLUTCH

The conventional shifting process can be divided into

seven operating phases: gear engaged, clutch release, gear

shift off, gear selection, gear shift on, clutch engagement

and engine torque restoration. The shifting process without

the use of the clutch can be divided into five phases: engine

torque reduction, gear shifting off, engine speed regulation,

gear shifting on and engine torque restoration. The control

logic of the upshift and downshift processes is schematically

shown in Figs. 3 and 4.

3.1. Control Strategy for the Shift Off Process

Shifting off can be easily achieved without excessive wear

of the gear faces when zero torque is transmitted to the

driving shaft of the synchronizer. It is easy to shift off in the

conventional shifting process because the clutch is released,

and no torque exists on the driving shaft of the synchronizer.

Thus, the engine torque should be decreased as much as

possible (i.e., to the idle level) when shifting off without

using the clutch such that the engine output torque is

sufficient only to overcome its internal resistance and no

torque is transferred to the driving shaft of the synchronizer.

The control logic is shown in phase a-b of Figure 3 and

Figure 4. 

3.2. Control Strategy for Engine Speed Regulation Phase

In this phase, the gear disengages completely, and the gear

selection starts as soon as the shifting off action is

completed. The engine speed regulation is carried out

simultaneously. The goal of this phase is to adjust the

engine speed as quickly as possible to the ideal velocity

required by each gear ratio. The connection between the

engine and the wheel is assumed to be rigid, and thus the

relation between the engine speed and the wheel speed is

expressed as follows:

(14)

After shifting off, the target engine speed is

(15)

Because the inertia of the vehicle is comparatively large,

the vehicle speed can be assumed to be constant. The speed

difference ∆ω between the current engine speed and the

target engine speed is the necessary engine speed

adjustment:
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Figure 3. Control logic for upshift process.

Figure 4. Control logic for downshift process.
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(16)

where in is the current gear ratio, and in+1 is the ratio of the

gear to be engaged. When an upshift is performed, i.e.,

when in+1 < in, the engine speed should be decreased by ∆ω

according to Equ. 7. Contrarily, the engine speed should be

increased by ∆ω when a downshift is performed.

Consequently, the engine speed control strategies for upshift

and downshift are different. As seen in phase c-d of Figs. 3

and 4, the most effective way to decrease the engine speed

during upshift is to adjust the engine output torque to zero.

According to Equ. 4, the engine deceleration depends on the

engine internal resistance torque. Therefore, the engine

speed boost can be easily achieved by increasing the engine

output torque as calculated by the feedback control

algorithm.

3.3. Control Strategy for Engine Speed Regulation Phase

The goal of this phase is to complete the gear shifting on

process as quickly as possible and subsequently to restore

the engine torque to the level that the driver has commanded

by the gas pedal. The shift on action can be performed soon

after the engine speed reaches the target engine speed. The

engine torque should be restored to the commanded level at

an appropriate rate to avoid affecting the quality of the shift.

4. ENGINE CONTROL APPROACH AND 

ALGORITHM

In the strategy discussed above, accurate engine speed

control is critical to shifting without the use of the clutch,

and poor speed control can lead to excessive wear of the

synchronizer and to driving discomfort. 

4.1. Engine Control Approach

To meet strict requirements for driver comfort and safety,

the engine management system (EMS) allows the engine

torque to be controlled temporarily by engine subsystems

(such as the starter control, idle control, engine speed

control and component protection control systems), vehicle

functions (such as the operation of vacuum power steering

and air conditioning), and the powertrain control system

(such as the control of the automatic transmission).

There are two approaches to adjusting the engine output

torque. One approach is to change the air intake quantity at

the engine throttle. This is a slow process with a time delay,

but it is adequate when a fast response is not required. The

other approach is to adjust the spark timing or to shut off

the fuel injection to the cylinder. This approach produces a

quick response to the torque command.

4.1.1. Engine unloaded condition

The components that drive the synchronizer, such as the

engine, the clutch and the input shaft of the transmission,

stay disengaged after shifting off. The connection between

the engine and the wheel is interrupted, and the components

enter the unloaded working condition. The engine speed

regulation only occurs during this stage, and thus the

behavior when the driving components are unloaded is

notably important for accurate engine speed control.

The engine can be considered as a typical inertial link

with a transfer function that can be written as follows:

, (17)

where T is the time constant, and K is the gain.

4.1.2. Character of engine unloaded condition

During the test, the clutch is kept engaged, and the

transmission stays in the neutral gear. The engine torque

command is sent from the TCU to the ECU through the

CAN. A step function and an approximate sine function are

used as the commanded engine torques to test the step

response and the tracking response, respectively, of the

engine. The test results are shown in Figure 5 and Figure 6.

The engine torque is delayed by 0.05 s from the

commanded torque, and the engine has excellent response

characteristics, creating a technological basis for precise

engine speed control.

4.2. Engine speed control algorithm

As described above, the engine control can be divided into

upshift and downshift control, and the different control

targets require different control algorithms. It is challenging

to decrease the engine speed because the deceleration is

dependent on the internal resistance torque of the engine. It

is much easier to increase the engine speed by increasing

the fuel injection. Interrupting or increasing the fuel

injection is realized by sending a torque request from the

TCU to the ECU. Based on the different control targets and

principles of the upshifting and downshifting processes,

coordinated control algorithms will be proposed for each. 

4.2.1. Coordinated engine speed-reduction control

algorithm based on feed-forward, bang-bang and PID

control

The goal of the engine controller during the upshift process

is to decrease the speed to the target speed in a time-

ω∆ in 1+ in–( ) i0 θ
·
t⋅ ⋅=

Ge s( ) K

Ts 1+
-------------=

Figure 5. Engine torque step-response curve.
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optimal way. The most effective way to decrease the speed

is to decrease the engine output torque to zero through

CAN communication and to let the TCU take over the

engine torque control temporarily from the ECU. After the

engine has reached the target speed, sufficient engine

torque should be applied to sustain the engine speed to ensure

good transient characteristics during synchronization. This

torque level is called the engine stable torque, and it varies

with the engine speed according to the engine

characteristics as shown in Figure 7. The engine stable

torque required to sustain different engine speeds under

unloaded conditions can be obtained through calibration.

To achieve the target speed, a coordinated control

strategy based on feed-forward, bang-bang and PID control

is adopted, as shown schematically in Figure 8. There are

two modes in the control algorithm. The mode is selected

based on the difference between the current speed and the

target speed. When a threshold value is surpassed, the

bang-bang control strategy is chosen to maximally

decelerate the target torque to zero. In a sense, this strategy

can be seen as oil-break control. When the speed difference

is less than the threshold value, the control strategy

switches to PID with which the engine speed can be

regulated to the target speed smoothly and precisely. After

the engine speed has reached the target speed, a stable

torque is calculated through the feed-forward algorithm to

ensure that the engine speed remains near the target speed

and to guarantee the shift quality.

4.2.2. Control algorithm for increasing engine speed

The goal of the downshift process is to increase the engine

speed to the target speed. It is easiest to increase the engine

speed by increasing the engine torque, which can be

achieved by sending the required torque command from

the TCU to the ECU. Consequently, an algorithm based on

combined feed-forward and PID control is adopted, as

shown schematically in Figure 9. After the speed has been

adjusted to the target speed through the torque calculated

by the PID feedback algorithm, a stable torque is applied to

maintain the current engine torque near the target speed to

ensure good shift quality.

4.2.3. Engine speed control requirements

Because the driving components of the synchronizer are

much larger when shifting without the clutch than in the

conventional shifting process, inaccurate speed control will

result in a large speed difference during synchronization,

which can lead to excessive wear of the ring and ring gear.

In this research, the target engine speed control precision is

set at 50 RPM faster or slower than the target speed. The

duration for which the engine speed stays within the target

range should also be longer than 0.4 s to maintain the speed

difference within a small range during the synchronization

process.

4.3. Engine speed control tests and discussion

To verify the engine speed control algorithm, experiments

are performed on an 0.8 L gasoline engine, which is

installed in a car with an AMT. Because only the engine

speed is tested, the shifting action can be ignored. The gear

is shifted to neutral, and the clutch remains closed

throughout the experiments. Decreasing and increasing

engine speed experiments are performed. The initial speed

is set at 3500 rpm, and the target speed is set at 2000 rpm in

the decreasing engine speed tests; and the initial speed is

set at 2000 rpm, and the target speed is set at 4000 rpm in

the increasing speed tests. The test results are shown in

Figure 6. Engine torque tracking curve.

Figure 7. Engine load behavior.

Figure 8. Control algorithm for decreasing engine speed.

Figure 9. Control algorithm for increasing engine speed.
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Figure 10 and Figure 11. During the period of decreasing

speed, the maximal deceleration is obtained by decreasing

the engine torque to zero. After the speed difference is

reduced below the threshold, the controller switches to the

PID algorithm in which the engine speed is successfully

adjusted into the target range. The engine is maintained

within this speed range for greater than 0.5 s. Thus, the

control targets are met. Moreover, it takes only

approximately 0.8 s to complete the engine regulation

process. The increasing speed test results demonstrate

better transient characteristics: a shorter duration of the

total speed regulation process and better quality without

fluctuation after the speed has reached the target speed.

5. SHIFTING MOTOR OPTIMAL CONTROL 

ALGORITHM

5.1. State-space Model of Motor Actuator

The AMT shifting process requires three stages in order:

gear disengagement, selection, and gear engagement. To

accomplish the process of gear shifting, the position of the

actuator must be controlled precisely at each stage. Thus,

coordination is necessary to connect the three stages

smoothly. In the shifting process, two motors are used to

operate the shifting and selecting motions to ensure that the

operations can be decoupled. Therefore, the control of

shifting in the executing mechanism can be decomposed

into two independent motor control problems.

The voltage and torque equations for the DC motor

actuator are as follows (Yu et al., 2004):

(18)

According to the above equations, the state-space

equation for the DC motor can be written as follows:

, (19)

where the states are the rotor displacement, θm, the rotor

angular velocity, ωm, and the armature current, ia. u0, is the

input voltage of the motor. The other parameters are the

rotor inertia, Jm, the viscous friction coefficient, Dm, the

armature resistance, Ra, the armature inductance, La, the

torque constant, kT, and the back emf constant, kE.

Additionally, there is a fixed-ratio reducer between the

motors and the shifting mechanism. Thus, the mechanism

has an equivalent inertia and load relative to the high-speed

side:

, (20) 

where i is the reduction ratio, JT, is the total inertia of the

high-speed side, JR, is the inertia of the low-speed side, and

FL is the force necessary to push the shifting mechanism

(i.e., the shifting and selecting force).

Because the drive carrier frequency of the H bridge of

the control motor and the electrical time constant of the

actuator are much smaller than the mechanical time

constant of the entire mechanism, we ignore the electrical

time constant here to facilitate microcontroller operations. 

To control the position of the actuator, we assume that

θref is the reference displacement, and θm(t) is the feedback

displacement, which can be calculated from the signal of

the angular sensor. To build the position error closed-loop

control system, the system error states are selected as

follows:

(21)

(22)

The state-space equations for the position error of the

actuator can be derived based on the equations above:
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Figure 10. Test results for decreasing engine speed.

Figure 11. Test results for increasing engine speed.
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, (23)

where a = [kEkT + RaDm]/(RaJ), b = kT/(RaJ), and c = 1/J.

h(x,t) is the external disturbance from the load. 

To reduce the error between the reference value and the

feedback value to zero, the goal of the feedback system (5)

is to drive the error states to [0 0]T. It is not difficult to

verify that this will occur if the system is controllable.

5.2. Design of Time-optimal Position Controller with

Optimal Linear Quadratic Regulator (LQR)

The feedback controller aims to reduce the error between

the reference value and the feedback value to zero. Thus,

the goal of the closed-loop control system is to drive the

initial states to [0 0]T. It is not difficult to verify that this

will occur if the system is controllable and observable.

In a conventional time-invariant system , the

goal of the LQR controller design process is to find the

input u*(t) that minimizes the LQR performance index as

follows:

, (24)

where Q is the state weighting function, and R is the

control variable weighting function. For optimal control, Q

is a positive semi-definite matrix and R is a positive

definite matrix. To facilitate the implementation of the

controller, the weighting matrices are usually chosen to be

diagonal.

If the system matrices (A,B) are time invariant and

controllable, the input of the optimal feedback system can

be obtained by solving the Riccati equation based on

minimizing the LQR performance index,

(25)

Thus, using the equations above, the dynamic equation

of the position error closed-loop system with state feedback

can be expressed as follows:

. (26)

To account for the performance and the dynamic

behavior of the actuator motor, this paper combines time

optimal control with LQR control as shown in Figure 12.

When the shifting logic is integrated, the optimal

position control above can be described as follows:

(27)

5.3. Motor Actuator Test and Discussion

The control algorithm introduced above is applied to the

DC motor actuator installed on the test vehicle and

dynamic shift tests are performed. Typical dynamic shift

test results are shown in Figs. 13 and 14. 

During the upshift from 1st gear to 2nd gear, the

selection process is unnecessary, and the actual selected

position stays constant during the shifting process, but the

AD signal from the shift motor sensor rises smoothly from

230 to 670 without overshoot. The input speed fluctuates

after synchronization, and the process takes 0.16 s to finish.

During the upshift from 2nd gear to 3rd gear, the sequence

of the action is shifting off, selection, and shifting on. The

transient behavior of the motor position control during

selecting and shifting is quite good without any fluctuation.

The time to complete the three processes is 0.2 s, 0.1 s, and

0.2 s with a total duration of 0.5 s. The process of shifting

from 2nd to 3rd gear is much longer than from 1st to 2nd

gear because the selection process is necessary. The test

results prove that the control algorithm based on LQR

optimized control provides a fast and excellent transient
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Figure 12. Motor system controller block diagram.

Figure 13. Test results for upshift from 1st to 2nd gear.

Figure 14. Test results for upshift from 2nd to 3rd gear.
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response.

6. REAL CAR TEST AND TEST RESULT 

ANALYSIS

To verify the control algorithm for shifting without using

the clutch, an A-class car with a 3-cylinder, 0.8 L engine

and equipped with AMT is adopted as the test vehicle. The

vehicle parameters are shown in Table 1. Continuous

shifting tests are performed without using the clutch, i.e.,

the clutch is only used during the launch and parking

processes.

6.1. Test Results and Discussion

Typical test results for the upshift from 1st gear to 2nd gear

and the downshift from 4th gear to 3rd gear are shown in

Figure 15 and Figure 16. During an upshift process, such as

shifting from 1st gear to 2nd gear, the shifting process is

divided into five phases, as described previously. The shift

command is triggered at 0.05 s, and the target torque is

simultaneously set to the idle torque. The shift off action is

activated at about 0.18 s when the engine torque decreases

to the target torque, and the output torque of the engine

becomes zero. The target torque is set to zero to produce

the maximal deceleration after the shift off phase is over.

Although the engine speed is close to the target speed, the

control algorithm switches to the combined PID and feed-

forward control strategy to calculate the target torque.

When the engine speed approaches the target speed, the

shift on action is triggered. When the action is completed,

the engine torque is restored to the driver command level.

The total duration from the time the shift command is

triggered until the shift on process is completed is about 1.2

s. The downshift process is similar to the upshift process,

and its total duration from 4th gear to 3rd gear is

approximately 0.7 s. 

To compare the shift transient characteristics of shifting

without using the clutch with those of the conventional

shifting process, conventional shifting tests are performed

on the same sample car. The results of the comparison are

shown in Table 2. The conventional shifting test results are

used as a benchmark to compare the total shifting time and

the power interruption time. As described previously, in the

conventional shifting process, the shifting time is defined

as the duration from the time the clutch is released to the

time the clutch is closed, and the torque interruption time is

defined as the period during which the transferred engine

torque is less than 15 N-m. As shown in Table 2, when the

clutch is not used, the shifting time is dramatically less than

in conventional shifting, and the torque interruption time is

decreased by approximately 0.1 s, except during the shift

from 1st gear to 2nd gear. Shifting from 1st to 2nd gear

takes longer because the largest gear ratio difference occurs

between these two gears and the engine speed reduction

relies on the internal resistance torque of the engine,

resulting in the limited deceleration. Thus, the duration of

the engine speed regulation between 1st gear and 2nd gear

Table 1. Test vehicle parameters.

Vehicle parameters

Vehicle weight (kg) 980 1st gear ratio 3.818

Engine displacement (L) 0.80 2nd gear ratio 2.158

Maximum torque (N-m) 70.0 3rd gear ratio 1.400

Maximum Power (kW) 38.0 4th gear ratio 1.029

Tire radius (m) 0.26 5th gear ratio 0.838

Vehicle area (m2) 1.80 R gear ratio 3.583

Figure 15. Test results for gear shift from 1st to 2nd gear.



SHIFTING CONTROL OF AN AUTOMATED MECHANICAL TRANSMISSION WITHOUT USING THE CLUTCH 495

is slightly longer. An additional brake device installed on

the input shaft of the transmission would help to shorten

the duration of the speed regulation process.

7. CONCLUSION

The AMT is a promising type of automatic transmission

with many advantages related to its low cost, ease of

manufacture, and high efficiency. However, the AMT also

has apparent disadvantages, such as the jerk felt by the

driver, the excessive wear of the frictional plates and torque

interruption. These problems have affected the popularity

of the AMT in the automatic transmission industry. The

feasibility of shifting without using the clutch in a

conventional AMT without structural modifications is

studied in this paper. Several new speed- and torque-based

shifting control algorithms that do not require the release of

the clutch are presented with the aim of improving the shift

transients. The dynamics of each transient process are

analyzed in detail. A control algorithm is introduced that is

capable of precise engine speed control and accurate shift-

motor position control. The coordinated control algorithm

is verified on the test car and is compared with

conventional shifting. The results show that the new

method of shifting without the clutch produces

improvements in the shifting time, torque interruption, and

shifting comfort. These results prove that shifting without

using the clutch is feasible and has the potential to

overcome the disadvantages of the AMT by improving its

shift quality, which will help to improve the popularity of

the AMT in the automatic transmission industry.

ACKNOWLEDGEMENT−The research work is supported by

project of Chinese National Natural Science Foundation: The

research on principle and phase transitional condition of

synchronizer used on hybrid electrical vehicle (51075301), and

Figure 16. Test results for gear shift from 4th to 3rd gear.

Table 2. Comparison of shift transients for shifting without clutch and conventional shifting.

Shift time (s) Power interruption time (s)

Gear change Releasing clutch Without releasing clutch Releasing clutch Without releasing clutch

1->2 1.7 1.20 0.72 1.10

2->3 1.63 1.00 1.12 1.04

3->4 1.50 0.67 0.88 0.80

4->5 1.52 0.97 0.79 0.65

5->4 1.44 0.93 0.75 0.65

4->3 1.19 0.69 0.66 0.58

3->2 1.55 1.02 0.75 0.62

2->1 1.38 1.10 0.78 0.64



496 Z. ZHONG et al.

contributions of automotive college of Tongji University and

Tongji-Continental powertrain technology joint laboratory to this

paper are gratefully acknowledged.

REFERENCES 

Feng, H. and Chen, X. (2009). Global robust optimal

sliding mode control for brushless DC motor. Small &

Special Electrical Machines, 37, 45−47.

Hu, S., Wang, Z. and Hu, W. (2005). Optimal Control

Theory and System. Beijing.

Jia, H. B., Sheng, Z. S. and Yang, Z. L. (2003). Automatic

control system of engine speed in series hybrid vehicles.

J. Jiangsu University 24, 1, 60−63.

Kong, J. H., Park, J. H., Lim, W. S., Park, Y. I. and Lee, J.

M.  (2006). Effects of the vehcle model on shifting

transients of passenger cars with automatic transmission.

Int. J. Automotive Technology 7, 2, 155−160.

Lechner, G. and Naunheimer, H. (1999). Automotive

Transmissions: Fundamentals, Selection, Design and

Application. Springer. Berlin.

Liu, J. (2004). Advanced PID Control and MATLAB

Simulation (2nd Version). Electronic Industrial Press.

Beijing.

Luigi, G., Vladimiro, V. and Francesco, V. (2006). Gearshift

control for automated manual transmissions. IEEE Trans.

Mechatronics 11, 1, 17−26.

Magnus, P. and Lars, N. (2000). Gear shifting by engine

control. IEEE Trans. Control Systems Technology 8, 3,

495−507.

Mashadi, B., Kazemkhani, A. and Lakeh, R. B. (2007). An

automatic gear-shifting strategy for manual

transmissions. Proc. IMechE Part I: J. Systems and

Control Engineering, 221, 757−768.

Moon, S. E., Kim, H. S. and Hwang, S. H. (2005).

Development of automatic clutch actuator for automated

manual transmissions. Int. J. Automotive Technology 6,

5, 461−466.

Pei, D. (2009). Research on the Integrated Control of No

Separated Clutch AMT. Eng. M. Dissertation. Jilin

University. China.

Wang, G. and Wang, L. (2007). The Bang-Bang principle

of time optimal controls for the heat equation with

internal controls. Systems & Control Letters 56, 11/12,

709−713.

Wang, S. S. (2006). Engine Control of the Automatic

Mechanical Transmission without Using Clutch. Eng.

M. Dissertation. Jilin University. China.

Wang, Y. (2007). PWM regulating speed system of DC

Motor. Market Modernization, 14, 389−393.

Wang, Y., Wang, Q., Xie, F., Wang, S. and Wang, J.

(2010). Non-release-clutch technology of AMT for

heavy duty truck. Automotive Technology, 5, 14−18.

Yu, G.-R., Tseng, M.-H. and Lin, Y.-K. (2004). Optimal

positioning control of a DC servo motor using sliding

mode. Proc. 2004 IEEE Int. Conf. Control Applications,

272−277.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.33333
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


