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Abstract: Hybrid power system is one of the kernel technologies of hybrid electric vehicles (HEV).
The performance of HEV is greatly determined by the capability of hybrid power system. The hybrid
power system has already developed from discrete structure into integrative structure in past ten
years. The research of compositive hybrid power system is a very important and a new research field
now and in the future. The Electrical Transmission Driver (E.T.Driver) is a compositive hybrid power
system. The basic principle, constitution and the characteristics of E.T.Driver, which is based on
Automatic Mechanical Transmission (AMT), have been introduced. The effect of E.T.Driver on gear
shift quality, driving smoothness and riding comfort for HEV has been studied during gear shift
course. A simulation model to analyze the gear shift application and gear shift strategy of E.T.Driver
during gear shift course in HEV has been established by using the simulation software of ITI
Company in Germany. The results of simulation and experiment show the proposed control strategies
and special structure of E.T.Driver greatly improve the gear shift quality and driving smoothness
during the gear shift course.
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1 Introduction

One of the kernel technologies of HEV is research field. For example, the Insight HEV of

hybrid power system. The capability of hybrid
power system will determine the whole vehicle
performance of HEV directly. The hybrid power
system has already developed from discrete
structure into integrative structure in the past ten
years. The integrative structure is called
integrative hybrid power system. In general, there
are two manners that can be adopted to carry out
the power system integration in HEV. The first
manner is engine-motor integration. For example,
the engine and integrated starter/generator (ISG)
can be integrated to form a light-duty HEV. The
second manner is gear shift transmission system
and electrical drive system integration. Some
companies have already made some efforts in this
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Honda Company can be counted as the attempt at
first integration manner. The AHS2 transmission
of Allison Company and THS system of Toyota
Company can be called the attempt at the second
integration manner. This paper presents the idea of
E.T.Driver and the project of E.T.Driver has
already been launched. The E.T.Driver is to
integrate the motor and transmission into a power
unit assembly which can perform the drive,
generate electricity, regenerative braking function
and power transmission function. The E.T. Driver
can be used in different sizes and different
disposal structures of HEV if the E.T.Driver is
designed into a series. The conventional vehicle
will be rebuilt into a pure electric vehicle if the
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E.T.Driver is adopted solely and no other power
drive device is employed. Similarly, the E.T.
Driver also can be used in other alternative energy
sources Vvehicles, for example, the Fuel Cell
Vehicle (FCV). So the extensive use of E.T.Driver
will greatly promote the research and development
of HEV and accelerate its industrialization
because of the universal characteristic and
adaptability of E.T.Driver. On the one hand, the
E.T.Driver can control motor and transmission
system concentratively, consequently helps to
improve work efficiency of hybrid power system.
On the other hand the E.T.Driver helps to improve
the integrated level and reliability by reducing the
component number of the whole vehicle, thus
helping to enhance the maintenance and use of the
vehicle. The match cycle and difficulty degree can
be reduced,; the research and production cycle also
can be shortened because of less components
number.

The motor usually couples with the
transmission through the input shaft of
transmission in most HEV. The velocity will be
decreased because the friction clutch will be
detached and the driving torque will be interrupted
during the gear shift course. Furthermore, because
the moment of inertia of motor is added to the
input shaft of transmission, the added moment will
delay the synchronization time between the
flywheel and friction clutch. In reference
literatures of AMT [1], most researches are focus
on how to control the transmission driving torque
transmitted by friction clutch and by adjusting the
friction torque of clutch to reduce the slipping
friction work and shock intensity. The control
strategy [2] [3] [4] is a little complex
correspondingly. The special structure of
E.TDriver can greatly reduce the input driving
torque of transmission during the gear shift
course. Therefore, the slipping friction work of
friction clutch and shock intensity of vehicle can
be both reduced to a very small value or can be
controlled to a satisfying degree. At the same
time, the E.TDriver can maintain the velocity
smooth during the gear shift course and increases
the riding comfort.

2 The basic principle, structures and
the characteristics of E.T.Driver

2.1 Principle
The E.T.Driver presented in this paper is to
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integrate motor with conventional transmission
into an integrative unit assembly. The E.T.Driver
is a new type of transmission power unit assembly
which is highly integrative in
mechanism-electricity-liquid. The mechanism
includes the gear shift transmission unit, the main
body of electric motor [5][6][7], the power
coupling unit and the power-output part of hybrid
power system. The electric system includes the
control unit of the gear shift transmission system,
power coupling control unit and the
electromagnetism system, which translates the
electrical energy into mechanical energy. The
liquid system includes hydraulic actuator, cooling
lubricating system of motor and transmission
system.

2.2 The constitution of E.T.Driver

E.T.Driver may have many structures types.
The design proposal is presented as follows:

(1) Motor with AMT is integrated into the
E.T.Driver.

(2) Motor with epicyclic gear transmission is
integrated into the E.T.Driver.

(3) Motor with continuously variable
transmission (CVT) or motor with double clutch
transmission is integrated into the E.T.Driver.

The development of the third type of
E.T.Driver is based on (1) and (2).

3 The specific structure type of
E.T.Driver based on the output shaft
of AMT

There are two structure types E.T.Driver,
which are based on AMT. The type depends on
whether the motor is placed on the front or on the
rear of AMT. The first type is to mount the motor
on the input shaft of AMT and the rotor of motor
is coupled with the input shaft of AMT directly or
with a coupling device. The second type is to
mount the motor on the output shaft of AMT and
the rotor of motor is coupled with the output shaft
of AMT directly or with a coupling device. The
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coupling device adopts the gear device, which can
be an epicyclic gear or a pair of reducing gears.
The function of the gear device is to reduce the
output rotational speed and increase the output
torque of motor at the same time. The motor also
can couple its power directly to the input shaft or
output shaft of AMT by fixing the rotor of motor
directly onto the input shaft or output shaft of
AMT. This paper mainly discusses the second
type of E.T.Driver which is based on the output
shaft of AMT. An epicyclic gear or a pair of
common reducing gears can be adopted to help the
motor output its power to the output shaft of AMT.
The picture of E.T.Driver based on AMT output
shaft is shown in Fig.1 and Fig.2.

fifth,reverse ctator of mator
speed shift fork
epicyclic gear

output shaft
{couple

E motor) \

FEYEerse

gear

Fig.1 E.T.Driver for which the motor mounted on the
output shaft of AMT, with its rotor coupling with the
output shaft of AMT by epicyclic gear.
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Fig.2 E.T.Driver for which the motor is mounted on the
output shaft of AMT, with its rotor coupling with the
output shaft of AMT by a pair of reducing gears
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The conventional AMT shift mechanism and
AMT clutch detachment/engagement device
generally adopt conventional hydraulic drive
device. The conventional gear shift courses of
AMT also need three steps---quit gear, then select
a new gear and finally engage the new gear. But in
E.T.Driver which is based on AMT, the gear shift
mechanism adopts the motor shift device to
perform direct shift function. The motor shift
mechanism can shift gear directly and the
conventional select gear device and select gear
course have been canceled. The gear shift course
of motor direct shift device only include two

steps——quit a gear and then engage a new gear.

The gear shift time has been shortened and the
quality of gear shift is improved consequently.
The sketch of motor direct shift device in five
speeds AMT is shown in Fig.3. The real motor
direct shift qevice is shown in Fig.4.
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1: gear shift motor of first/reverse speed 2: gear shift
mechanism of first/reverse speed(switch rotation
motion to linear motion) 3: fork-axles of first/reverse
speed 4: work driving arm of first/reverse speed 5:
first/reverse speed shift fork 6: first/reverse speed push
groove 7: gear shift motor of second/third speed 8: gear
shift mechanism of second/third speed(switch rotation
motion to linear motion) 9: fork-axles of second/third
speed 10: work driving arm of second/third speed 11:
second/third speed shift fork 12: second/third speed
push groove 13: gear shift motor of fourth/fifth speed
14: gear shift mechanism of fourth/fifth speed(switch
rotation motion to linear motion) 15: fork-axles of
fourth/fifth speed 16: work driving arm of fourth/fifth
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speed 17: fourth/fifth speed shift fork18: fourth/fifth
speed push groove 19: fixed part

Fig. 3 The sketch of motor direct gearshift device in
five speed AMT

Fig. 4 real motor direct shift device

4 The simulation analysis of shift
application of E.T.Driver during
gear shift course in HEV

4.1 The function of E.T.Driver during HEV
gearshift course

The E.T.Driver which is based on the output
shaft of AMT can not only provide drive power
independently and transmit the power from engine
to wheel as a new type of highly integrative
transmission drive unit assembly, but also can
output driver power independently and maintain
the drive power of HEV uninterrupted during the
gear shift course. The E.T.Driver can keep the
velocity increasing continuously or maintain the
velocity without any decrease during the gear shift
course. Consequently this can reduce the gear shift
impact, avoid power interruption and enhance the
riding comfort and driving smoothness. Although
the detachment of clutch leading to the power of
engine is interrupted, the motor of E.T.Driver can
still provide the drive power, so the driving
smoothness and gear shift quality can be greatly
improved and the riding comfort can be enhanced
at the same time.

4.2 The parameters of E.T.Driver and the
main specification of hybrid electric bus to
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which the E.T.Driver can be applied in this
research project.
1)Engine——the parameters of Commins

ISBE170 are shown in Table 1, the relationship
between torque, speed and acceleration pedal open
is shown in Fig.5.

Table 1 Commins ISBE170 parameters

Peak

Engine " Torque - . .3
model os 50:,\’?7: Nm @ Profile: Displacement: liters
P rpm
Total
600 @ . o
167 @ . . Weight  lubrication 39
2500 12(())%—17 Length Width Height (dry) system liters
1SB*-17 capacity:
0
Engine
4oyl 810 720 820 370 kg cooling 85
mm mm mm system liters
capacity

500 3, wn

engine output torgque
(48]
=
(]

2500

i 1500
1000

acceleration pedal open 5 4o engine rotation speed

Fig.5 torque, speed and acceleration pedal open
correlations

2') Permanent magnet--- synchronous reluctance

motor and the corresponding motor control unit
used in E.T.Driver

The E.T.Driver’s motor parameters and
characteristic are shown in Table 2, Fig.6 and
Fig.7. Interior permanent magnet——synchronous
reluctance motor and its motor control units are
adopted. Interior permanent magnet — —
synchronous reluctance motor has lots of
advantages and is widely used in the drive power
system of electric vehicles and hybrid electric
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Fig. 7 relationship between speed and torque of motor

3) The ratio of speed of E.T.Driver is shown in
Table 3

Table 3 Ratio of speed of E.T.Driver

4) The parameters of SWB6116HEV hybrid electric

bus

The power layout of hybrid electric bus is
shown in Fig.8. The E.T.Driver based on the
output shaft of AMT is an 863 national project and
is employed in the SWB6116HEV hybrid electric
bus project. The SWB6116HEV hybrid electric
bus is shown in Fig.9.

4.3 Establishment of the simulation model
based the simulationx software
The simulation model was established, taking

the case of gear shifting from first speed to third
speed as an example. The Germany ITI
company’s simulationx software is adopted here
to establish the simulation model.

The aim of this simulation model is to
compare the differences between E.T.Driver and
common AMT in HEV gear shift course. First of
all, the gear shift velocity of AMT from first speed
to third speed should be obtained. The velocity of
SWB6116HEV hybrid electric bus from first
speed to third speed is 17.5km/h during 0~50km/h
acceleration course through several times of road
test. The road test data are recorded by CANOE
software, the recorded velocity data is shown in
Fig.10.
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4.3.1 Establishment of simulation model
1) Engine model

Firstly, every cylinder control model is
established, and then the four cylinder control
models are integrated to establish the whole
engine model. The engine model outputs torque
according to the universal performance
characteristics map of engine strictly. The
engine model is shown in Fig.11.
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Fig.9 SWB6116HEV hybrid electric city bus
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Fig.11 engine model

2) E.T.Driver model

The E.T.Driver model was established by
combining the motor model and AMT model. Of
course, some components models of E.T.Driver
can be adopted which has already been built in the
simulation software, for example, the clutch and
motor component [8] [9] [10].

a) Clutch model

The type of clutch : JL420 , the parameters of
clutch are shown in Table 4 :
Table 4 parameters of clutch

title value

H ( release lever adjust height ) 75+0.4(mm)
Mcmax( Nm X max. friction torque of clutch ) 1965641645
m1 ( kg ) ( mass of pressure plate unit assembly ) 44
m2 ( kg ) (mass of clutch disk unit assembly) 8.3

J ( kg.m?) (inertia of pressure plate unit assembly) 1.369
n (rpm)( max. enable rotational speed of clutch ) 2700
P(N) (pressing force of pressure plate) 2090
F(N) (maximal detachment force) 4644
S(mm)(detachment distance) 10°
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The simulation software has the clutch model, so
the clutch model can be used directly. The
corresponding parameters of clutch just need to be
input. The pressing force parameter of the clutch

model can be calculated through equation (1):

R2 2
T, =Z| #P27R*dR = §7zzuF>(R§’ ~R?)

(1)

in equation (1) :

T,——the transmission torque of
clutch ( Nm ) ;

Z——friction face number ;

H _friction coefficient;

P——rpressing force of pressure plate(N) ;

R1 , R2——the inner and out radius of
friction plate working face(m)

The value of transmitted torque by friction
clutch can be controlled by controlling the value
of the pressure force of clutch. The coordination
control of engine and E.T.Driver can be
coordinated according to the whole vehicle control
strategy and gear shift strategy. The clutch model
is shown in Fig.12. The clutch model parameters
are shown in Fig.13,

discClntch
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Fig.12 clutch model
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Fig.13 parameters of clutch model

b) Interior permanent magnet synchronous
motor model

The simulation software has the interior
permanent magnet synchronous motor model
[11], so the motor model can be directly adopted.
The sketch of the motor control model is shown
in Fig.14.

frequency angle

’ Fx) | ’ Fx]

i damping
) +
i t
oz
Fig.14 motor control model sketch
The transmission part model of E.T.Driver is
shown in Fig.15.
Gearbox Modeling
Transmission
i i
&

Fig.15 transmission part model of E.T.Driver

3) Air drag, acceleration resistance and rolling
resistance model

These resistance values can be calculated
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through equation (2), (3) and (4).The
vehicle running resistance under any running
velocity situation can be obtained through setting
the corresponding equation in the resistance model
in the simulation software.

_ CpAU?
-, =D a2
21.15 (2)

In equation (2):
Fiy —airdrag (N ) ;

CD air drag coefficient ;

A——front face area( mz) ;

Ua vehicle velocity(km/h)o

F, =GfCOSa (3)

In equation ( 3) :

R ——rolling resistance(N) ;
G——ygravity of vehicle
f——coefficient of rolling resistance
& —slope angel(°)

du
Fj=om—
at (4)

In equation (4):
F. . .
I —acceleration resistance(N) ;
6 ___vehicle rotation mass conversion factor ;
m——vehicle mass ( kg ) ;

du___acceleration ( m/s? ) o
dt

The simulation model of whole vehicle is shown
in Fig.16.

]
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Fig.16 simulation model of whole vehicle

4.4 The application of E.T.Driver during
gear shift course

The E.T.Driver has the transmission function,
the electricity generation function and the power
drive function, so the whole vehicle control
strategy and gear shift strategy must consider the
power coordination between engine and
E.T.Driver. In the hybrid electric vehicle gear shift
control course, the working conditions for the
E.T.Driver can be divided into two situations in
spite of economical gear shift strategy or dynamic
gear shift strategy. The whole vehicle energy
management strategy and the state of charge
(SOC) of battery are also taken into consideration
to obtain the two working situations of E.T.Driver
at the same time. The two situations of E.T.Driver
during gear shift course are described below [12]:

A. The E.T.Driver has the ability to provide
the total driving request torque of HEV. Under
this situation, the electric motor of E.T.Driver
works in positive rotation as an electromotor to
provide its total driving torque for the HEV or the
electric motor of E.T.Driver works in reverse
rotation as an electric generator to generate
electricity in regenerative braking running
working situation.

B. The whole HEV driving requests torque
beyond the ability that the motor of E.T.Driver
can provide. (Positive driving torque or reverse
generate electricity resistance torque).

In situation A, the E.T.Driver can provide the
HEV driving request torque independently.
Therefore the E.T.Driver can maintain the velocity
of HEV stable or can keep the velocity continuing
to increase during gear shift course under the
condition of shifting from low speed to high speed.
The flywheel rotational speed will track the clutch
rotational speed after the aim gear engaged .When
the rotational speed difference between flywheel
and clutch disk is small enough, the flywheel and
clutch disk can engage as quickly as they can. The
course in which the flywheel rotational speed
tracks the rotational speed of clutch disk can last a
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little longer time because the driving request
torque of HEV still can be provided by E.T.Driver
during the gear shift course. There is very little
abrasion and impact of clutch in the situation A,
because on the one hand the rotational speed
difference between flywheel and clutch disk is
very small when they engages ,on the other hand
there is very small friction torque is transmitted by
clutch. Situation A is universal in city traffic
jamming situation and occupy above 70% of the
overall HEV running working condition. The
vehicle continually shifts in traffic congestion
situation and the engine runs in noneconomic
work zone in most of the time. The E.T.Driver can
show its advantage in this situation. It can not only
help to enhance the shift quality and riding
comfort, but also can drive HEV in pure electric
driving mode when the HEV runs in start phases
or in low speed phases. The city bus continually
shift because the city bus run line has an
outstanding characteristic--- the city bus runs in
low velocity in most of the time. The E.T.Driver is
suitable for this work situation. The real working
situation for two city bus run lines are shown in
Fig.17 and Fig.18.

1000 3000 4000 5000

2000
time(s)
SSN! 1 ]
” n 211
LA L
0 1000 2000 3000 4000 5000 6000

time(s)

Dong Yue-hang, Zhang Yong, Yin Cheng-liang,
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Fig.17 velocity change curve of city bus line 1

Fig.18 velocity change curve of city bus line 2

In situation B, the E.T.Driver provides the
maximal driving torque which it can provide
according to the gear shift strategy during the gear
shift course. Because the driving torque provided
by E.T.Driver can’t meet the whole driving
request torque, the other driving torque needs to
be provided by engine, so the clutch needs to
engage quickly to transmit the driving torque that
provided by engine. The flywheel possibly has not
enough time to reach the same rotational speed of
clutch disk, so the rotational speed difference
between flywheel and clutch disk will becomes a
little greater. In this situation, in order to control
the shock intensity and speed up the engagement
speed between clutch disk and flywheel, the

output torque of E.T.Driver can be adjust to

ioig77r d(T,+T, /i)
omr dt

reduce the value of

which described in equation (8).In other words, if

the friction torque T, transmitted by clutch

increases too rapid, the output torque of

E.T.Driver T can be adjusted to reduce quickly

at the same time, so the value of
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iy d(T, +T, /i)
omr dt

can be controlled under a

satisfied level. The E.T.Driver also even can
output reverse electric power generation resistance

torque to reduce the value of

iolg7r d(T, +T, /i)
omr dt

to control the shock

intensity during the clutch engagement course.

Accordingly, the gear shift quality and run
smoothness also can be controlled to a satisfied

level in situation B.

After the gear shift is accomplished, the
output torque of E.T.Driver and engine should be
added or be reduced over again according to the
HEV control strategy and energy management
strategy both in Situation A and B.

This simulation model takes first speed to
third speed as an example. The initial gear
position is set to first speed in advance. The HEV
begins to shift when the velocity reaches the shift
velocity of 17.5km/h. The E.T.Driver begins to
output driving torque instead of engine when the
clutch begins to detach. The output driving torque
value of E.T.Driver can be calculated through
equation (5).

H 2
m—OUT:GfCOSOC—f-Gi—}-ﬂ (5)
r 21.15

In equation (5) :
m ——output torque of

E.T.Driver (N.m) ;

i,——ratio of final drive

i degree of slope

Th efficiency of transmission ;

r——wheel rolling radius (m);

the other parameters can be seen the
illustrations of equation (2 ), (3 )and (4) .

5 The simulation result analysis
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5.1 gear shift course of HEV equipped with
traditional AMT

The hybrid electric bus velocity changes
curve is shown in Fig. 19 during the gear shift
course from first speed to third speed of HEV
equipped traditional AMT. The acceleration
changes curve is shown in Fig. 20.The clutch
changes curve is shown in Fig. 21. The gear
shift time is set to one second based on actual
measure of gear shift time of hybrid electric bus
and some references are considered at the same
time.

Velocity(m/s)

time (s)

Fig. 19 the velocity changes curve ( the AMT begins to
shift when the velocity reaches 17.5km/h at 2.5 second

and finishes shifting at 3.5 second )

m/s?

Acceleration{m/s")

Time(s)

Fig.20 acceleration changes curve
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Fig. 21 engagement and detachment situation
curve of clutch (0——engagement , 1——detachment)

From Fig. 19 it is found the velocity begins to
drop when the AMT begins to shift until the clutch
disk resumes engaging. From Fig. 20 it is found
the acceleration drops to negative value after the
clutch disk detaches and there is oscillation of
acceleration occurs when the clutch detaches and
engages.

5.2 gear shift course of HEV equipped with
E.T.Driver

The velocity changes curve in the situation of
E.T.Driver providing driving torque is shown in
Fig. 22 and Fig. 23. Acceleration changes curve in
the situation of E.T.Driver providing driving
torque is shown in Fig. 24. The flywheel and
clutch disk engagement process during gear shift
course is shown in Fig. 25.
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Fig. 22 the velocity is maintained without any

change during the gear shift course (the E.T.Driver
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Fig. 23 the velocity continues to increase during

the gear shift course (the SOC of battery is high enough,
so the output torque of E.T.Driver can keep the velocity
increasing during the gear shift course)
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Fig. 24 acceleration changes curve

From Fig. 24 it is found that the acceleration
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remains stable during the gear shift course,
especially there is no oscillation occurs in the
engagement moment.

From Fig. 22 it is found that the HEV
velocity is maintained stable during the gear shift
course in the situation of battery SOC is a little
low, the output torque of E.T.Driver can only keep
the HEV velocity from dropping. From Fig. 23 it
can be found the HEV velocity continually
increases during the gear shift course because the
battery SOC is high enough to support the motor
of E.T.Driver outputs enough high torque to keep
the HEV velocity increasing during gear shift
course.

3000

Di\\\\|\I\Ii\\\I\I\I\i\l\l||\\\il\l\|\\\

1 time(s) 2 3 &

""""" flywheel rotational speed curve
clutcn rotational speed curve

Fig. 25 flywheel and clutch disk engagement
process curve in gear shift course.

In Fig. 25 it is found that the clutch disk
detaches from the flywheel at the beginning of
shift, and then the flywheel rotational speed falls
to the idle speed (750 rpm) from the rotational
speed of engine in first speed. After that, the
flywheel rotational speed will track the clutch disk
rotational speed. The clutch disk rotational speed
falls to about 913rpm after the new gear is
engaged. The new gear position is third speed in
this model. The rotational speed 913rpm is
calculated through equation (6).

u, =0.377 % (6)

Iglo
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In equation (6):
a vehicle velocity(km/h)
n— clutch rotational speed(rpm)
r—— wheel rolling radius(m)
I, ——ratio of E.T.Driver
I, —ratio of final drive
The velocity when the gear shifts from

first speed to third speed is 17.5km/h; the wheel
rolling radius is 0.508m; the ratio of third speed is
2.05; the ratio of final drive is 4.875. Therefore it
can be calculated that the clutch rotational speed is
about 913rpm after the third speed is engaged. The
flywheel rotational speed is controlled to track the
clutch disk rotational speed. Because the clutch
disk rotational speed can be forecasted by
equation (6) in different gear positions, the target
rotational speed for flywheel which the flywheel
should reach can also be set in advance and the
ISG also can help the engine to adjust its
rotational speed. The flywheel and clutch disk will
engage as quickly as they can when the rotational
speed difference between the flywheel and the
clutch disk is small enough. The perfect situation
is when the flywheel and clutch disk reach
913rpm simultaneously, so the rotational speed
difference between the flywheel and the clutch
disk is equal to zero in theory. Flywheel and
clutch disk will increase their rotational speed
together after the engagement is completed.

5.3 The function analysis of E.T.Driver
improving the shift quality during gear
shift course

A conclusion can be drawn from the
simulation above. The E.T.Driver based on the
output shaft of AMT can greatly reduce the jerk
and improve run smoothness and riding comfort
during the HEV gear shift course. The clutch disk
and the flywheel engage quickly when the
rotational speed difference between the flywheel
and the clutch disk is small enough. How the
E.T.Driver improves the shift quality during the
gear shift course will be elaborated in details
based on the jerk and slipping friction work
calculation equation s as below.
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5.3.1 Jerk intensity

The jerk mainly happens in the flywheel and
clutch disk engagement course. The jerk
calculation equation is shown in equation (7).

_du
dt? (7)
The jerk calculation equation also can be
converted to equation (8) in real gear shift course.
Cdfu i (T 4T, /i)

— - 8
dt>  amr dt (8)

J

In equation ( 8 ) :

I—jerk(™s") ;

T—the real torque transmitted by
clutch (Nm)

From equation (8) it is found that the jerk
intensity value is determined mainly
by d(T, +T, /i)

dt
sum of torque transmitted by clutch and the output
torque of E.T.Driver.

In gear shift situation A in which the output
torque of E.T.Driver can provide enough driving
torque to maintain the vehicle velocity stable or
keep the velocity continuing to increase, the
flywheel has enough time to synchronize the
rotational speed of clutch disk and the drive power
of HEV won’t be interrupted. When the rotational
speed difference between flywheel and clutch disk
is small enough, the flywheel and the clutch disk
will engage as quickly as they can. Under this
situation, since the rotational speed difference
between the flywheel and clutch disk is very small,
the jerk intensity also is very small during the
engagement course of flywheel and clutch disk.

In gear shift Situation B, because the driving

, Which is the derivative of the

request torques value of the whole vehicle beyond
the ability that E.T.Driver can provide, the clutch
needs to engage quickly to transmit the driving
torque that provided by engine. In order to control
the shock intensity and speed up the engagement

speed between clutch disk and flywheel at the
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same time, the output torque of E.T.Driver can be

adjust to reduce the value

of iy d(T, +T, /i)
omr dt

, S0 the jerk intensity

also can be control to a very little value according
to equation (8).

Reducing the jerk of the clutch disk is a
relatively complex course. The engine control,
clutch disk control and their cooperation all need
to be well thought out, so the details of how
E.T.Driver cooperates with the engine to reduce
the jerk concretely will be discussed in the further
work.

5.3.2 Slipping friction work

The main factor that affects the life span of
the clutch is the slipping friction work during
the gear shift course. The slipping friction work
mainly happens in the flywheel and the clutch
disk engagement course, the slipping friction
work in the engagement course is defined as
below:

W = [T, (0. () - o, (]t (9)

In equation (9):

W——slipping friction work (J)(it reflects
how much mechanical energy is transferred to
thermal energy and abrasion during the
engagement course of clutch.)

e rotational speed of engine ;

e rotational speed of clutch disk ;
to the time when the clutch begins to
engage and transmit torque ;

¢ synchronization time when the clutch disk
begins to synchronize with the flywheel ;

From equation (9) it is found that the slipping
friction work is in direct proportion to the friction
torque, time and rotational speed different

between flywheel and friction clutch. The
friction torque is bigger, the engagement time is
longer and the difference between the flywheel
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and the clutch disk is bigger, the slipping friction
work is bigger and the temperature is higher, the
life span of the clutch is shorter. The slipping
friction work and the jerk intensity are opposite
to each other. Pursing less slipping friction work
will lead to greater jerk in real gear shift course.
Similarly, to reduce the jerk, the slip time
between the flywheel and the clutch disk will
become longer; the slipping friction work will
increase. The E.T.Driver based on the output
shaft of AMT solved this problem perfectly. The
E.T.Driver can provide the driving request torque
in gear shift Situation A, so the flywheel has
enough time to track the rotation speed of clutch
disk. The rotation speed difference between the
flywheel and clutch disk is very little, so they can
engage quickly and do not need too much time to
synchronize with each other. Therefore, the
slipping friction work is also very little according
to equation (9).

In gear shift situation B, because the value
of whole vehicle driving request torque beyond
the ability that the E.T.Driver can provide, the
clutch needs to be engaged quickly to transmit
the driving torque of engine. The flywheel has
not enough time to reach the same rotational
speed of the clutch disk. Therefore, the rotational
speed difference between the flywheel and the
clutch disk will be produced .Under this
condition, the slipping friction work can’t be
avoided. However, as the E.T.Driver can provide
a part of the driving torque, the friction torque
T, transmitted by the clutch of E.T.Driver is still
smaller than the friction torque transmitted by
traditional AMT component. Furthermore,
because of the adjustment function of E.T.Driver,
the flywheel and clutch disk can engagement
quickly and the jerk intensity also can be
controlled to a very low level at the same time,
so the engagement time is very short.  So the
slipping friction work of HEV equipped with
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E.T.Driver is also smaller than the slipping
friction work of HEV equipped with traditional
AMT according to equation (9).

6 Experimental validations

The experiment results of first gear to third gear
shift course are shown in Fig.26. The road
experiment has been carried out according to

GB/T 19754-2005 { Test methods for energy
consumption of heavy-duty hybrid electric
vehicles) .
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(c) Shock intensity change situation of E.T.Driver
from first gear to third gear
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(d) Shock intensity changes situation of AMT from
first gear to third gear
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(e) Contrast of slipping friction work between

E.T.Driver and AMT from first gear to third gear
course

Fig.26 the shift course from first gear to third gear
and gear shift quality situation

From the Fig.26, it can be found that the driving
torque of HEV do not be interrupted because the
E.T.Driver can provide driving torque during the
clutch separate course. The velocity can be kept
steady or be kept continually increasing during the
gear shift course. The shock intensity and slipping
friction work of HEV equipped with E.T.Driver
are obviously much better than the vehicle
equipped with AMT. The driving smoothness of
the HEV equipped with E.T.Driver is also
enhanced greatly compared to the HEV equipped
with AMT [13].

7 Conclusions

The HEV compositive power system is the
kernel technology of HEV and is also a new and
important research field today and in the future.

The special constitution of E.T.Driver
based on output shaft of AMT is fully
discussed. It is found the driving smoothness,
riding comfort and the gear shift quality of
HEV equipped with E.T.Driver can be greatly
improved compared to traditional AMT during
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the gear shift course from the simulation
results and road experiment. A new idea on
HEV hybrid power system research is brought
forth. The development of HEV key
technologies will be made available by
E.T.Driver. The next main research work is to
perfect the control strategy and constitution of
E.T.Driver based on the output shaft of AMT.
More road experiments of HEV equipped with
E.T.Driver will be carried out in order to
better adjust and match the correlative control
parameters among BMS (battery management
system), VCU (vehicle control unit), EMU
(engine management unit) and E.T.Driver
controller. Other types of E.T.Driver, which
based on epicyclic gear transmission,
continuously variable transmission (CVT) or
double clutch transmission, are also in the
process of research and manufacture.

References .
[1] Sung-tae Cho, Soonil Jeon, Han-San Jo,
Jang-Moo Lee, Yeong-ll Park ( 2001 ) "A

development of shift control algorithm for
improving the shift characteristics of the
automated manual transmission in the hybrid
drivetrain”, Int. J. of Vehicle Design, Vol. 26,
No.5 pp. 469 - 495

[2] ZHOU Lei, LUO Yugong, YANG Diange,

LI Kegiang, LIAN Xiaomin, development of
hybrid powertrain control sysem for parallel-series
hybrid electric vehicle, Chinese Journal of
Mechanical Engineering, 2007, 43(4):125-131.

[3] Lee, H.-D., Sul, S.-K., Cho, H.-S., Lee, J.-M.
Advanced gear-shifting and clutching strategy for
a parallel-hybrid vehicle, IEEE Industry
Applications Magazine,2000, 6 (6), pp. 26-32

[4] Gu Yanchun, Yin Chengliang, Zhang Jianwu,
Optimal torque control Strategy for parallel hybrid
electric wvehicle with automatic mechanical
transmission. Chinese Journal of Mechanical
Engineering, 2007, 20(1):16-20.

[5] El-Sousy, Fayez F.M; Nashed, Maged N.F;
Fuzzy adaptive neural-network model-following
speed control for PMSM drives”, WSEAS
Transactions on Systems, 2005, v4, n 4, p
256-259

[6] Cascella, Giuseppe L;Neri, Ferrante;
Salvatore, Nadia; Acciani, Giuseppe; Cupertino,
Francesco “Hybrid EAs for backup sensorless
control of PMSM drives”, WSEAS Transactions
on Systems, 2006,v 5, n1, p .131-135

[7] Lee, Y.B; Kim, C.H.; Oh, Justin “Design and
performance analysis of air blower system
operated with BLDC motor for PEM FC vehicle”,

Issue 3, Volume 7, March 2008


http://www.inderscience.com/browse/index.php?journalID=31&year=2001&vol=26&issue=5
http://www.inderscience.com/browse/index.php?journalID=31&year=2001&vol=26&issue=5
http://www.scopus.com/scopus/search/submit/author.url?author=Lee%2c+H.-D.&origin=resultslist&authorId=7501479776&src=s
http://www.scopus.com/scopus/search/submit/author.url?author=Sul%2c+S.-K.&origin=resultslist&authorId=7005539275&src=s
http://www.scopus.com/scopus/search/submit/author.url?author=Cho%2c+H.-S.&origin=resultslist&authorId=7403936518&src=s
http://www.scopus.com/scopus/search/submit/author.url?author=Lee%2c+J.-M.&origin=resultslist&authorId=7601459800&src=s
http://www.engineeringvillage2.org.cn/controller/servlet/Controller?CID=expertSearchCitationFormat&searchWord1=%7bEl-Sousy%2C+Fayez+F.M.%7d+WN+AU&database=1&yearselect=yearrange&searchtype=Expert&sort=yr
http://www.engineeringvillage2.org.cn/controller/servlet/Controller?CID=expertSearchCitationFormat&searchWord1=%7bNashed%2C+Maged+N.F.%7d+WN+AU&database=1&yearselect=yearrange&searchtype=Expert&sort=yr
http://www.engineeringvillage2.org.cn/controller/servlet/Controller?CID=expertSearchCitationFormat&searchWord1=%7bCascella%2C+Giuseppe+L.%7d+WN+AU&database=1&yearselect=yearrange&searchtype=Expert&sort=yr
http://www.engineeringvillage2.org.cn/controller/servlet/Controller?CID=expertSearchCitationFormat&searchWord1=%7bNeri%2C+Ferrante%7d+WN+AU&database=1&yearselect=yearrange&searchtype=Expert&sort=yr
http://www.engineeringvillage2.org.cn/controller/servlet/Controller?CID=expertSearchCitationFormat&searchWord1=%7bSalvatore%2C+Nadia%7d+WN+AU&database=1&yearselect=yearrange&searchtype=Expert&sort=yr
http://www.engineeringvillage2.org.cn/controller/servlet/Controller?CID=expertSearchCitationFormat&searchWord1=%7bAcciani%2C+Giuseppe%7d+WN+AU&database=1&yearselect=yearrange&searchtype=Expert&sort=yr
http://www.engineeringvillage2.org.cn/controller/servlet/Controller?CID=expertSearchCitationFormat&searchWord1=%7bCupertino%2C+Francesco%7d+WN+AU&database=1&yearselect=yearrange&searchtype=Expert&sort=yr
http://www.engineeringvillage2.org.cn/controller/servlet/Controller?CID=expertSearchCitationFormat&searchWord1=%7bCupertino%2C+Francesco%7d+WN+AU&database=1&yearselect=yearrange&searchtype=Expert&sort=yr
http://www.engineeringvillage2.org.cn/controller/servlet/Controller?CID=expertSearchCitationFormat&searchWord1=%7bLee%2C+Y.B.%7d+WN+AU&database=1&yearselect=yearrange&searchtype=Expert&sort=yr
http://www.engineeringvillage2.org.cn/controller/servlet/Controller?CID=expertSearchCitationFormat&searchWord1=%7bKim%2C+C.H.%7d+WN+AU&database=1&yearselect=yearrange&searchtype=Expert&sort=yr
http://www.engineeringvillage2.org.cn/controller/servlet/Controller?CID=expertSearchCitationFormat&searchWord1=%7bOh%2C+Justin%7d+WN+AU&database=1&yearselect=yearrange&searchtype=Expert&sort=yr

WSEAS TRANSACTIONS on SYSTEMS

WSEAS Transactions on Systems, 2005,v4, n9, p
1573-1580

[8] Pu Jinhuan, Yin Chengliang, Zhang Jianwu,
Application of Genetic Algorithm in Optimization
of Control Strategy for Hybrid Electric Vehicles.
Chinese Journal of Mechanical Engineering,
2005, 16(07):87-91

[9] ZHANG Jianwu, CHEN Li, XI Gang. System
dynamic modeling and adaptive optimal control
for automatic clutch engagement of vehicles[J].
Proceedings of the Institution of Mechanical
Engineers, Part D: Journal of Automobile
Engineering, 2002, 216(12): 983-991

[10] SERRARENS A, DASSEN M, STEINBUCH
M. Simulation and control of an automotive dry
clutch[C]//American Automatic Control Council.
International Federation of Automation Control.
Proceedings of the American Control Conference,
June 30-July 2, 2004, Institute of Electrical and

ISSN: 1109-2777

218

Dong Yue-hang, Zhang Yong, Yin Cheng-liang,
Zhang Jian-wu, Chen Li

Electronics Engineers Inc., Piscataway, New
Jersey. Boston: IFAC, 2004: 4 078-4 083.

[11] Livint, Gheorghe; Horga, Vasile; Albu,
Mihai; Ratoi, Marcel, Evaluation of control
algorithms for hybrid electric vehicles, WSEAS
Trans. Syst., 2007,v 6, n 1, p 133-140

[12] JONAS K, BENGT J. Optimal control of an
automotive powertrain system for increased drive
ability[C]//Royal Dutch Association of Engineers.
Automotive Division. Proceedings of the 5th
International Symposium on Advanced Vehicle
Control, August 22-24, 2000, Ann Arbor,
Michigan, US. Ann Arbor: Omnipress, 2000:
217-224.

[13] Gao Guijun, Ge Anlin, Zheng Lei, Clutch
engagement control during gear shifting process
in automated manual transmission, Chinese
Journal of Mechanical
Engineering,2006,41(12),234-238

Issue 3, Volume 7, March 2008


http://www.engineeringvillage2.org.cn/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7bLivint%2C+Gheorghe%7d&section1=AU&database=1&yearselect=yearrange&sort=yr
http://www.engineeringvillage2.org.cn/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7bHorga%2C+Vasile%7d&section1=AU&database=1&yearselect=yearrange&sort=yr
http://www.engineeringvillage2.org.cn/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7bAlbu%2C+Mihai%7d&section1=AU&database=1&yearselect=yearrange&sort=yr
http://www.engineeringvillage2.org.cn/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7bAlbu%2C+Mihai%7d&section1=AU&database=1&yearselect=yearrange&sort=yr
http://www.engineeringvillage2.org.cn/controller/servlet/Controller?CID=quickSearchCitationFormat&searchWord1=%7bRatoi%2C+Marcel%7d&section1=AU&database=1&yearselect=yearrange&sort=yr

