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ABSTRACT:

The stability of electric vehicles is difficult during their mobility on a curved trajectory with several driving wheels. This
problem causes a danger for the electric vehicle stability due to the effect of the instantaneous center of rotation (ICR).
The desire to have more safety in this type of vehicle encourages us to develop a driving assistive system to reduce the
effects of ICR in two wheels drive electric vehicles using Arduino and a LabVIEW interface for data processing that
help to control the vehicle on the road. Analytical solutions and their implementations are demonstrated through
experimental testing in a laboratory scale.
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infinity. The notion of a triangle of velocities allows to

ACRONYMS AND NOMENCLATURE: determine the velocity vector at any point of the solid,

Bg, Bd  Steering angle of the front left & right wheel provided that we know the velocity vector at a point and
Bb Steering angle in bicycle mode the position of the ICR [1-2].
L Length of vehicle wheelbase
R Radius of the back train ICR 2. Movement in low speed steering
Rf Radius of ICR +Back train displacement . ; -
H Vehicle length According to the Ackermann model illustrated in Fig. 1,
Rcg Radius of curvature of the mass center when g < Bd the steering angles of the front wheels are
L1,12  Front & back half-wheelbase given by,
Bcg Steering angle of the mass center Tanfd = L/(h—-h/2) 1)
Af Tra{c:zctorly’s :prl]it ?f the&bagk tkrain TanBg = L/(R + h/2) 2
Af, Ar  Drift angle of the front & back train _ _
Fyf, Fyr Front & back train lateral force Leot Bg - cot pd h/ L_ . (?f)
m Vehicle mass On the other hand, for the bicycle model as illustrated in
% Forward speed Fig. 2 gives, the steering angle of the front wheel is
Caf, Car Rigidity co-efficient of the lateral force of the given by Tan Bb = L / R. Then Eqn. (3) becomes,

front and back train CotBb = (cotBg + cotBd)/2 = R /L 4

) The center of radius of curvature is given by,

L I.ntroductlon _ o _ Rcg = \/L%-I-—R2= VL22 + L% cot? Bb (5)
The instantaneous  axis of rotation is a term used in Reg = RV + 122 IR* = (1 +122R2) ~ R (6)
classical mechanics and more particularly in kinematics ] ) )
in order to designate the axis around which a solid is ~ Relationship between the curvature and the steering
rotating at a given instant with respect to a reference angle with Rcg = R = L cot Bb = LBb is given by,
frame. If we can use the simplification of plane cot b = R /L (7
problems, we talk gb(_)ut instantaneous center of rotation Then we will have Bb = L / R. The arc length of the mass
(ICR). When a solid isolated in the mechanical sense of center is given by
the term moves according a trajectory in a plane, the ICR ' L2 L2
is defined as the point where the velocity vector is zero. pcg = arctan (;) pcg = arcsin (;) =
The ICR_Iies on the p_erpendi_cular to each velocity vector arc sin (L2VR2 + 13) = L2/LBb (8)
of the isolated solid passing through the point of — 12/ LGb 9
application of the latter. When the isolated solid moves peg = L2/ Lp ©)

only in translation in a plane, the ICR is projected to the
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The displacement of the rear wheel trajectory is given
by,
Rf = VR2 + L?
A=Rf—R=N1+1*/R*-1)
We have that: V1 + x2~ 1+ x/2+... and A= L2/ 2R.

(10)
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Fig. 1: Ackerman steering model
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Fig. 2: Ackerman bicycle model

3. Movement in high speed steering

The study of movement of the vehicle in high speed
steering involves a hypothesis to take into account the
drift angle of the front and back wheels. Fig. 3 illustrates
the movement of bicycle using high speed steering
model. From Fig. 3, we can deduce the steering angle as
a function of the drift angle using,

Bb =L/R+ af — ar (12)
The equations of motion for the tire as per Fig. 4 are,
Fyf= Caf of Fyr = Car or (13)

The equations of lateral equilibrium and rotation are
given by,

Fyf cos b + Fyr =mV2 /R (14)

Fyf cos Bbb + FyrL.2 = 0 (15)
By using small angle hypothesis, the above equations
can be simplified further as follows,

Fyf=(L2/L)m (V2/R) (16)

Fyr=(L1/L)m (V2/R) 17

Fyf=fof af=(L2/L) m (V2/R) (18)

Fyr=ror ar=(L1/L)m (V2/R) (19)
Through simplification and reordering, we obtain,

af /ar=L2 Car / L1 Cof (20)
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The steering angle according to speed and steering
abruptness is obtained as follows,

Bb=L/R+ ((mL2/Caf) - (mL1/Car L)) V2/R (21)

Fig. 3: Representation of the high-speed bicycle model
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Fig. 4: Behaviour of the tire

4. System modelling & simulation

It is necessary to maintain the velocity at a determined
value in the presence of the external or internal
perturbations as their influence is inherently variable.
Proportional-Integral (PI) controller is implemented
using a microcontroller-based system. Fig. 5 illustrates
the various components of the proposed system. The DC
motor model SE-2662-5A from manufacturer NL
(Lucas-Nuelle) is used. This motor has an external
diameter of 40mm, a length of 86.2mm, a power of 1 kW
and a nominal supply voltage of 220VDC. It can run at
2100 tr/min and requires an IErr current of 0.24A. For
the armature, a nominal supply voltage of 220VDC and a
nominal current of 6.2A are required. The motor is
controlled by pulse width modulation (PWM) signals
generated by the microcontroller.

Interfacing
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R

DC MOTOR aany

Fig. 5: Synoptic diagram of the test bench
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To identify a real dynamic system, is to characterize
another system based on the experimental knowledge of
inputs and outputs in order to obtain an identical
behaviour. To accomplish this, graphic and statistical
methods [1-2] are available. Arduino card is used as an
interface card between the system and the computer. The
computer is equipped with a LabVIEW interface
enabling it to acquire and store input and output samples
as shown in Fig. 6 [3]. The (.lvm) file is designed such
that it facilitates parsing the reading when imported into
a spreadsheet. The identification operation tool to find
the mathematical model is shown in Fig. 7. Fig. 8 shows
an overview of the interface between LabVIEW and
MATLAB tool [5]. When the system is excited with a
step input U(k), the system response Y (k) is obtained as
shown in Fig. 9. The sampling time Ts = 0.1 s. The
continuous transfer function of the system for
identification, as shown in Fig. 10, is given by,

9.79
G(s) = 1+0.29S (22)
The PI controller can be established using,
t
u(t) = Kp (£(0) + K, [, e(t)dt) (23)
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Fig. 6: Block diagram of a serial flow
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Fig. 7: Acquisition tool interface
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Fig. 8: Identification tool interface
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Fig. 9: Response of the system to a step input
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Fig. 10: System estimated response by its transfer function

The PI controller can be established using,

u(t) = Kp (£(0) + K, [} (t)dt) (23)
The transfer function of the controller is then given by,
C(p) = == (24)

N
The parameters of the regulator are defined as a function
of the damping { and the pulsation ®, using,
Wn2T

Ky ==, (25)

Kp — 2{&);{11’—1 (26)
5

wy = it (27)

After calculating the parameters for the PI controller, the
system simulation is carried out using Matlab/Simulink.
The results of the simulation are presented in Fig. 11.

Conge
Ripuess Bl

Fig. 11: Set point tracking (simulation) and rejection of
perturbations with Pl

Fig. 12 illustrates the behaviour of the system after
the implementation of the digital Pl controller. At first,
we gave a set point of N = 1500tr/min, we note that the
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output of the system follows this instruction. Then we
came down to N = 500tr/min. We also notice that the
output of the system follows. Finally, with set point of N
= 1000 tr/min, the same desired behaviour was obtained.

The PI regulator has given satisfactory results.
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Fig. 12: Set point tracking (experiment) and process behaviour
with a digital PI

5. Practical realization
The designed system is tested to decrease the effect

Time (s)

of

the ICR in an electric vehicle [4]. The synoptic diagram
is composed of control part (PC interface), control
circuit and electronic part as shown in Figs. 13-16. After
the practical realization of the system as shown in Fig.
17, experiments are carried out for linear steering,
steering right and steering right manoeuvres. When the

steering wheel is at level 1, no rotation of the steer

ing

wheel is observed as shown in Fig. 18. When turning the
steering wheel to the right, the responses for various ICR
are shown in Figs. 19(a) to (c). When turning the
steering wheel to the right, the duty cycle (between 1 - 2)

of the PWM signal given to the right engine decreases
speed and the second motor remains constant.

Car steering

its

Interfacing | <J
PC

High frequency coil

Fig. 14: Realization of the series circuit
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Fig. 15: Front panel of design assistive system interface
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Fig. 16: Flow chart for the realised design assistive system
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Fig. 17: Assembly of the designed system

When turning the steering wheel to the left, the
responses for various ICR are shown in Figs. 20(a) to
(c). When the steering wheel is turned to the left, the
duty cycle (which lies between 1-0) of the PWM signal
given to the left engine decreases its speed and the
second motor remains constant.
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Fig. 18: Steering wheels in position 1
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Fig. 20(b): Steering wheel in position [0.5-0.2]
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Fig. 20(c): Steering wheel in position below 0.2

6. Conclusion

The study and realization of a system that reduces the
effects of the ICR in an electric vehicle was presented.
We used a Lab view interface to transmit the signals to
the motors (the wheels) and when turning the
potentiometer (steering wheel) we noticed the variation
of the speed of the vehicle with the conditions that we
targeted. This has enabled the driver assistive system
towards semi-autonomous or mobility vehicles with a
user friendly interface.
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