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Abstract
This paper presents a hybrid electric vehicle transmission chain simulator connected to longitudinal vehicle mo-
tion. The transmission simulator uses electric actuators to reproduce the mechanical characteristics of a real ve-
hicle engine and its transmission chain. The developed approach allows to validate transmission and vehicle dy-
namic studies (control of automatic or robotized gearboxes, test of heat engine, dynamic behavior and passenger 
comfort...) without need to the real transmission system and the real environment of the vehicle. The proposed 
system is used to carry out a vehicle automated driving for a cruise control test. The control law strategy consists 
on a first sliding mode. The performances of the controller are presented to demonstrate the effectiveness of the 
proposed approach.
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1.  INTRODUCTION
A lot of works have been developed over the two last 
decades about the Hybrid electric vehicles (HEVs) 
[Sciarretta et al., 2004; Bardin, 2000]. These vehicles 
are powered in many forms depending on the mix of 
energy sources and propulsion systems used on the ve-
hicle.  It can be run on conventional or alternative fuel 
and an electric motor. The hybrid concept can be used 
for drives taking energy from two separate energy 
sources, for series or parallel drive configurations or 
any combination of them. The most distinct advantag-
es of this concept is to reduce the emission of CO2 and 
other emissions (NOx,...) permitted by these vehicles. 
Moreover the electric motors can be controlled eas-
ily and with high precision than that the combustion 
engines [Hofman and Purnot, 2009]. It is shown that 
vehicle stability, safety and performances are ensured 
by controlling the electric motors [Boukhnifer et al., 
2011]. In this way simulators and effective methods 
using accurate models are very useful to reach this ob-
jective and to minimize the cost and the time devoted 
to the development phases of vehicles. In parallel 
configuration of (HEV) the combustion engine and the 
electric motor are directly connected to the wheels. In 
this paper, we will develop an electrical simulator of 
a parallel HEV configuration by replacing the internal 
combustion engine part with an equivalent electric 
actuator. The aim is to propose an accurate equivalent 

system easy to be exploited to validate simulation 
studies in the automotive domain without need to the 
real vehicle and its real environment. Another contri-
bution of this paper is the automated driving by means 
of a dedicated coupled model (simulator and the lon-
gitudinal dynamic motion) for which the vehicle must 
be able to achieve a whole of autonomous functions. 
Among these functions: the heading variation, change 
maneuver and a vehicle follower control system for a 
single vehicle by maintaining a safety distance [Chai-
bet et al., 2005; Larouci et al., 2007]. The adopted 
method is based on the application of the first sliding 
mode control technique because of the presence of 
strong nonlinearities in the considered model. Moreo-
ver, this control suits well to our application for which 
the control performances are very depending on the 
vehicle environmental constraints in particular with 
respect to the state of the roadway (dry, softened, 
snow-covered, icy...).
The present paper is organized as follows. In section 2, 
the vehicle transmission simulator will be addressed 
and validated by means of simulation and measure-
ment results. In section 3, a vehicle dynamic model 
will be presented. Section 4 deals with a proposed ap-
proach to couple the electric simulator to the vehicle 
longitudinal dynamic model. In section 5, the coupled 
model will be applied to the automated driving. The 
aim of this concept is to increase passenger’s safety, 
to reduce the driver’s stress and to improve traffic 
conditions. Simulation results of the proposed control 
strategy (cruise control) will be presented.
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2.  THE VEHICLE TRANSMISSION SIMULA-
TOR
The electric simulator of the vehicle transmission 
chain simulates the mechanical characteristic of the 
transmission system. This simulator uses two electric 
actuators controlled with dedicated control laws. The 
first one reproduces the dynamic driving torque devel-
oped by the heat engine and available at the output of 
the bridge, while the second one simulates the resist-
ing torque due to the whole resisting efforts and iner-
tias.

2.1 Modeling of the real vehicle transmission system
The Figure 1 illustrates the various forces applied to 
a vehicle during its motion on a road with an α slope 
angle. These forces include the driving force and the 
mean resisting forces.

Fm, Faero, Frr and Frc are, respectively, the driving 
force, the aerodynamics force, the rolling friction 
force and the resisting force in a slope [BOSCH, 2000; 
Minakawa et al., 1999].
To model the real vehicle transmission system, we 
suppose that the transmission losses are neglected (the 
efficiency of clutch and gear box reaches 1) and only 
longitudinal forces are considered [Liang et al., 2003; 
Nakamura et al.,2003; Sawase and Sano, 1999]. Ac-
cording to the centre of gravity of the vehicle and by 
using these assumptions, the following equations can 
be written:
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W sp is the angular speed at the output of the bridge. W th 
is the angular speed of the heat engine. The transmis-
sion is supposed without losses.

So:

scmroues_r RFC  , teb_rsp_m RCC  

Cr_eb is the resisting torque (the resisting torque at the 
input of the gearbox seen by the heat engine).
From the equation 1, we deduce that:
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dt

d
RMJJ 

Ω
 	 (2)

Where:
Jsp and Jroues are, respectively, the inertia at the output 
of the bridge and the inertia of the wheels.
Csr-sp is the total resisting torque in the steady state at 
the output of the bridge.

2.2 Modeling of the equivalent system
In order to work in a reduced torque scale and to vali-
date the coupling of a transmission model with a vehi-
cle dynamic one, an equivalent model using two elec-
tric actuators is considered (Figure 2). In this model, 
the actuator M2 simulates the whole resisting torque 
due to aerodynamic frictions, rolling frictions, resist-
ing torque in a slope and inertia with a torque reduc-
tion factor (fc2). However, the electric actuator M1 
simulates both the heat engine and the gearbox with a 
torque reduction factor (fc1), [Chaibet et al., 2008].

This model can be used to test control strategies of 
automatic gearbox and to study the influence of these 
strategies on the vehicle dynamic behavior in order to 
improve the passenger comfort for example.
Considering fc2 = fc1= fc yields:

t
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W 1 and W 2 are the angular velocities of the electric ac-
tuators M1 and M2. Therefore, the equation 2 can be 
written as follows:
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The mechanical equation on the common tree of the 
two electric actuators is:

Fig. 1  Forces applied to a vehicle in a slope

Fig. 2  An equivalent transmission chain model
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Where:
J1 and J2 are the moment of inertia of the actuators M1 
and M2. Cm_1 and Cr_2 are the torques of the actuators 
M1 and M2 respectively. An identification between 
the real model and the equivalent one allows to deter-
mine the torques which must be developed by M1 and 
M2 to reproduce the behavior of the real transmission 
chain.

2.3 Experimental validation of the transmission 
simulator
In order to validate the transmission simulator, a 
measurement test bench is carried out Figure 3.

The Figure 4 superimposes the results of simulation 
(solid lines) and measurement (dashed lines) of the 
following parameters:

The normalized vehicle speed (vehicle speed di-••
vided by 10),
The committed speeds,••
The torque developed by the actuator M1 which ••
simulates the heat engine and the gearbox. This 
torque is the image of the real torque available at 
the output of the bridge (with a reduction coeffi-
cient fc = 200),
The position of the accelerator pedal.••

In this case, the roadway is supposed without slope. 
The vehicle desired speed is 130 km/h.
It is noted that the simulation results are very close to 
those obtained by measurement. The vehicle reaches 
its desired speed after 50 s. The steady state is charac-
terized by a commuted speed: the 5th one, a reduced 
torque: 2.8 Nm (real torque: 560 Nm) and a position 
of the accelerator pedal: Pp = 0.8.

3.  THE VEHICLE DYNAMIC MODEL
A one degree-of-freedom vehicle motion model is 
used to validate the coupling approach and to design 
a longitudinal control in the case of single car follow-
ing.
In this study, the pitch, the roll, the yaw, the transver-
sal and the vertical dynamics are neglected. Moreover, 
the longitudinal slip between the tire and the road is 
not considered.
Under these assumptions, the dynamic behaviour of a 
vehicle during longitudinal motion can be described 
by the following equation [Hung et al., 1997]:
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4.   COUPLING OF THE TRANSMISSION SIM-
ULATOR TO THE VEHICLE DYNAMIC MOD-
EL
The coupled model (Figure 5) associates the transmis-
sion simulator and the vehicle dynamic model. The 
engine torque (Te) of the dynamic model is generated 
by the transmission simulator presented in section 2. 
This coupled model allows to carry out car following 
concept, various transmission and dynamic behaviour 
studies and to optimize specific vehicle test benches 
without need to the real transmission system and the 
real environment of the vehicle. Moreover, it allows to 
carry out HIL works and real time control by combin-
ing software part (vehicle dynamic model) and hard-
ware part (transmission system) (Figure 5).

Fig. 3  Measurement test bench

Power
converters

M2

M1

Control
unit

Fig. 4  Measurement (dashed lines) and simulation 
(solid lines) results (vehicle desired speed 130 km/h, 
slope = 0 %)
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5.  APPLICATION TO THE VEHICLE AUTO-
MATED DRIVING
On the automated vehicles concept, the vehicle must 
be able to achieve a whole of autonomous functions. 
Among these functions, with the respect to longitudi-
nal motion, there are two basic control actions: speed 
control and spacing control. The whole of this section 
is dedicated to control strategy for cruise control mode

5.1 The cruise control mode
The aim of this part is to design a control low such 
that the vehicle velocity vf tracks the desired velocity 
vdes. A classical sliding mode control law technique is 
chosen to track the desired velocity.

5.1.1 Design methodology
One considers in this case the sliding manifold is cho-
sen as follows:

0vvS desf  	 (6)

The derivative of the sliding surface allows to deduce 
equivalent control Ueq (equations 6 and 7)

0UBGS eq 
 	 (7)

Then, the real control is calculated as follows:

SK)S(signKUU 21eq  	 (8)

K1 and K2 are control parameters. When the system is 
far from the sliding manifold, the behavior is dominat-
ed by K2 term. However, K1 term becomes dominant 
when approaching the manifold. A good choice of K1 
and K2 will allows to reduce both the convergence 
time and the well-known chattering phenomena near 
the sliding manifold [Chaibet et al., 2004].
In our case, the derivative of the sliding surface yields:
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5.1.2 Simulation Results
This operation is summarized as follow:
Initially the vehicle evolves at 90 km/h on a straight 
line. The desired velocity vdes is imposed by the driver 
(Figure 6).

In order to reach the desired speed, the vehicle decel-
erates during the first and the second phases and then 
accelerates during the third one.
Note that the control parameters K1 and K2 are calcu-
lated to ensure good dynamic and static performances 
(no overshot in the speed and a zero steady state er-
ror). The absence of overshot is very important from 
the safety point of view to respect. Moreover, Figure 7 
shows that this operation is carried out with respect to 
the passenger’s comfort [Chaibet et al., 2009].

6.  CONCLUSION
A hybrid electric vehicle transmission simulator cou-
pled to a longitudinal behavior model is developed in 
this paper and applied to the automated driving con-
trol in the case of a cruise control strategy and a car-
following situation.

Fig. 5  Block diagram of the coupled model

Fig. 7  Longitudinal acceleration

Fig. 6  Longitudinal speeds profile
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The equivalent transmission system uses electric ac-
tuators with dedicated control laws to reproduce the 
real characteristics of the transmission chain related 
to the heat engine in a HEV application. The proposed 
electrical simulator allows validating transmission 
and vehicle dynamic studies without need to the real 
transmission system and the real environment of the 
vehicle.
Due to the presence of strong nonlinearities on the ve-
hicle dynamic model and the parameters uncertainties 
influenced by the vehicle environment, a sliding mode 
control strategy is developed. The obtained results 
demonstrate the ability of the proposed approach to 
accomplish automated driving by insuring good per-
formances.
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Te engine torque [N.m]

Tb brake torque [N.m]

Mrr rolling resistance torque,  [N.m]

a longitudinal acceleration [m/s2]

Jwr and Jwf rear and front wheel inertias [kg.m2]

Je engine / transmission inertia [kg.m2]

Cx longitudinal aerodynamic drag coefficient

M the total vehicle mass [kg]

V the longitudinal vehicle speed  [m/s2]

r density of the air [kg/m3]

Cx the drag coefficient

Sf the frontal (transverse) section of the vehicle  [m2]

frr the coefficient of rolling friction

g the acceleration of gravity [m/s2]

α the slope angle [rad]

Rsc loaded radius (ray of the driving wheel) [m]

Rt = RbRp total reduction ratio

Rb the gearbox ratio

Rp the bridge ratio

Appendix


