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ABSTRACT
Powertrains for vehicles are transitioning from the internal combustion engine to electric motors. Electric
motors have the ability to both output traction and generative braking torque. Furthermore, electric motor
powertrains have a smaller size compared to the internal combustion engine powertrain. This opens up the
possibility of different configurations of powertrain layouts. This paper explores an electric vehicle model
with motors on both the front and the rear axles. The planar vehicle model with varying motor torque distribution is simulated to validate its handling dynamics.
Keywords: vehicle dynamics, electric vehicle, torque distribution.
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INTRODUCTION

With environmental concerns becoming more and
more important, the automobile industry has invested in vehicles that use an electric powertrain.
The electric vehicle(EV) has a smaller powertrain
size compared to the internal combustion engine.
Additionally, regenerative torque from the electric
motor can be used as a braking torque. Vehicle
manufacturers test different powertrain layouts
with these advantages. Many researchers suggest
the in-wheel motor system and study the advantages of that system on handling performance(Osborn, Russell P., and Taehyun Shim
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2006; De Novellis et al. 2013). However, the inwheel motor system has restrictions and disadvantages in a mass-produced vehicle. Therefore, a
two-traction motor system is adapted by vehicle
makers in an all-wheel drive design(De Novellis et
al. 2013). This two-traction motor system is similar to existing all-wheel drive systems. However,
the two-traction motor system has its own advantage, where the motors can be controlled independently. This paper establishes a planar vehicle
model and simulates a handling maneuver to
demonstrate the advantages of the two-traction
motor system.
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MODELING OF THE PLANAR
VEHICLE

2.1 Schematic of the planar vehicle
There are many all-wheel drive systems that can
be used. In this paper, an all-wheel drive system
which has two traction motors is studied. One motor is located on each of the front and rear axles.
This electric power train layout allows independent traction torque control for each axle. Figure 1
shows a schematic of a powertrain layout for an
electric vehicle.

Figure 3: Force diagram of planar vehicle model.
The vehicle parameters are described in the appendix. In figure 2, U is the longitudinal velocity, V is
the lateral velocity V and ω is the yaw rate. The
longitudinal and the lateral velocity of each tire, as
well as the longitudinal and the lateral acceleration
of the vehicle are derived with body fixed coordinate.

Figure 1: Powertrain layout of electric vehicle for
AWD.
A planar vehicle model has three body degrees-offreedom; longitudinal, lateral and rotational yaw
motion. The model has 4 tires, each generating
longitudinal and lateral forces. The vehicle has a
steering angle as the input on the front wheels. Figure 2 and figure 3 show velocity and force diagrams for the planar vehicle model, respectively.
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2.2 Wheel and tire dynamics

Each tire has its own wheel dynamics that yields
the rotational speed of the wheel ωw. Figure 4
shows a schematic of the wheel.

Figure 2: Velocity diagram of planar vehicle
model
Figure 4: Schematic of wheel dynamics
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The input torque (τ) comes from the traction motor.
The motor torque is applied to both wheels equally.
Each wheel speed is independent.
This paper uses the Dugoff Tire Model(Dugoff et
al. 1970) for the tire force calculation which uses
the slip ratio of the tire sx and the side slip angle of
the tire α. μ is the friction of the surface (μ≤1)
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The tire lateral force increases as side slip angle is
increased. However, the maximum force of tire
cannot exceed μN. Therefore, a lateral force is saturated at some point. Figure 5 shows the lateral tire
force-side slip angle for varying Fx values while
maintaining the same normal force using the
Dugoff Tire Model.
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The steering angle (δ) is considered to be very
small, such that small angle approximations are
valid.
The Dugoff Tire Model requires the normal force
N of each tire. The normal force of each tire is calculated with the acceleration and the roll stiffness
of the vehicle (krf, krr) (Dugoff et al. 1970; Margolis, Donald L., and Jahan Asgari 1991). The normal force of each wheel is derived with assuming
a quasi-static load transfer condition.
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Figure 5: Lateral tire force of Dugoff’s tire model
The lateral force in the Dugoff Tire Model has linear characteristic with small side slip angle. However, it displays a non-linear behavior as side slip
angle is increased. this non-linearity makes different vehicle motion with respect to Fx in the same
longitudinal velocity and steering input.
2.3 Bond graph for vehicle model
The bond graph with all the above dynamic equations and tire model is presented in Figure 6.
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and bigger with greater longitudinal velocity and
greater steering angle.
On the other hand, literature shows that vehicles
can have different steering tendencies as the drive
torque distribution is changed (Klomp, Matthijs,
and Robert Thomson 2011). Vehicles with traction
torques on the rear wheels have larger yaw rates
compared to vehicles driven by the front wheels,
for similar levels of vehicle speed. As Fx is increased or decreased, the tire characteristic makes
this change.

Equations of motion are derived from above bond
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HANDLING SIMULATION AND
RESULT

When the driver turns the steering wheel, the vehicle will change its direction. However, the characteristics of the tires and vehicle can affect how the
vehicle moves, sometimes in an unexpected way.
When a vehicle turns less than expected, it is called
induced understeer. If a vehicle turns more than
expected, it is called induced oversteer. Most of
the produced vehicles have an understeer tendency.
This understeer tendency usually becomes bigger
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Yaw Rate(deg/s)

Figure 6: The bond graph for planar vehicle

The actual meaning of understeer is rather complicate. Yaw rate is one of the dominant indicators
which affect understeer. Therefore, yaw rate is
used as the variable which decide the understeer in
this paper. Yaw rate data from the planar vehicle
model with a linear tire model is considered as the
nominal yaw rate response. If the yaw rate output
is lower than this, this paper refers to this as understeer. Figure 7 shows an example of that difference
of yaw rate magnitude with respect to the drive axles types at 500Nm traction torque.
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Figure 7: Difference of Yaw rate with respect to
torque distribution
This paper simulates the planar vehicle model
which has two traction motor to investigate the
steering tendency with respect to various drive
torque distributions. Furthermore, this torque distribution is simulated with not only traction torques but also regeneration torques which is a major advantage of the electric motor powertrain
system, allowing for less understeer at the same
speed.
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The results are simulated with U = 80kph and with
the parameters given in the appendix.
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The steering input applied is 2 degrees on front
wheels as shown in Figure 8. The total traction
torque applied on front and rear axles are the same.
Figure 10 shows how the total traction torque is
distributed. The dotted line represents rear wheel
drive vehicle. The total traction applied on only the
rear axle. There is no traction torque on the front
axle. On the other hand, the dashed line shows the
motor torque of torque distribution control vehicle
which is applied on front and rear opposite side.
The total traction is similar at 200Nm. But the
front has regenerative torque at -1100Nm. The rear
has a traction torque of 1300Nm.
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Figure 9: Yaw rate of the vehicle

Figure 9. shows that vehicle driven only with rear
wheel (dot), it has less yaw rate than nominal yaw
rate(line). However, vehicle with distributed
torque on front and rear opposite side (dash),
shows similar levels of yaw rate compared with
the nominal yaw rate. This indicates that motor
traction control could make the vehicle have less
understeer tendency.
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Figure 10: Traction and regeneration braking
torque of front and rear motor
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Figure 8: Steering input angle on Front wheel

CONCLUSION

This paper presents a model of the planar vehicle
with two traction motors, one on the front and one
on the rear for simulating a handling maneuver.
The simulation results show that the vehicle steer
tendency is changed as torque distribution is
changed. The results also can be controlled with
appropriate torque distribution control. Further research will study the torque distribution controller
with this model..
A

APPENDICES

parameters
a

Description

Values

Length from C.G to front
1.44
axle [m]
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b
t
M
J
g
Rw
Jw
Hcg
krf
krr
Cx
Cα
.

Length from C.G to rear
axle [m]
Track width of the vehicle [m]
Mass of the vehicle [kg]
Moment of the inertia of
the vehicle [kg·m2]
Gravity [m/s2]
Radius of the wheel [m]
Moment of the inertia of
the wheel [kg·m2]
Height of the vehicle
mass center
Front roll stiffness of the
vehicle
Rear roll stiffness of the
vehicle
Stiffness of the longitudinal tire force
Stiffness of the lateral
tire force

1.56
1.64
2,250

front/rear drive force distribution on the lateral
grip and understeer of all-wheel drive vehicles.” International journal of vehicle design,
56(1-4), pp.34-48.

3,445
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