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ABSTRACT

In this work we proposed a nonlinear Pl (NLPI) controllerof the electric vehicle with two
motor wheel drives. This proposed combine controller has significantly improved control
performance compared to conventional linear fixed-gain Pl controller. The different speeds of
the wheels are ensured by the electronic differential, this driving process makes it possible to
direct each driving whedl to any curve separately. Modeling and simulation are performed
using the Matlab / Simulink tool to study the performance of the proposed controller.
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Induction Machine; Ifoc.
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1. INTRODUCTION

Electric vehicles (EV) are developing fast during this decade due to drastic issues on the
protection of environment and the shortage of energy sources, so new technologies alow the
development of electric vehicles (EV) by means of electric motors associated with static

converters [1]. As the environmental pollution and energy shortage is increasing, the electric

M Journal of Fundamental and Applied Sciencesis licensed under a Creative Commons Attribution-NonCommercial 4.0

International License. Libraries Resource Directory. \We are listed under Research Associations category.




A. Laguidi et al. J FundamAppl Sci. 2020, 12(1), 181-197 182

car technology gets more and more attention by the government and academia. The electric
vehicle technology research has become a hot spot of research at home and abroad. The
electric vehicle drive control strategy research has become an important research direction. At
present the electric cars are mainly divided into two drive forms including centralized drive
and distributed drive. Compared with the centralized drive form, the distributed driving form
omits the traditional mechanical structure, shortens the transmission chain and improves the
transmission efficiency greatly. Each driving wheel of distributed driving vehicle could be
controlled independently. The directly yawing moment control, electronic differential control,
anti-dlip regulation (ASR) and other advanced control could be achieved by controlling each
wheel coordinately. It is therefore very necessary to design a vehicle control system with high
performance, easy implementation and low cost. The conventional linear fixed-gain Pl
controlleris a systematic and recursive design methodology for nonlinear feedback control.
The conventional linear fixed-gain Pl controllerdesign alleviates some limitations of other
approaches (Z. Yinha et al, 2009; Gunawan Dewantoro., 2016; Benaskeur, 2000; Lin and Lee,
2000; Waiet a; 2001; Pozo et al, 2008) [12,13]. The idea of conventiona linear fixed-gain Pl
controllerdesign is to select recursively some appropriate functions of state variables as
pseudo-control inputs for lower dimension subsystems of the overal system. Each
conventiona linear fixed-gain Pl controllerstage results into a new pseudo-control design,
expressed in terms of the pseudo-control designs from the preceding design stages. An
adaptive robust nonlinear controller can be derived using this control method in a
straightforward manner (Kanellakopoulosetal., 1991; Krstic et a., 1995; Benaskeur, 2000;
Pozoet a, 2008) [8,10,11].Recently, the newly developed aconventional linear fixed-gain Pl
controllertechnique has been used in the design of speed controllers for DC, induction motors
and permanent magnet motors (Lin and Lee, 2000; Waiet a, 2001; Huang et a., 2002
Derdiyok, M. K. Guven, H. Rahman, N. Inane, L. Xu, Oct. 2002 and F. Khoucha, K.
Marouani, A. Kheloui, K. Aliouane, June 2004 [12,13,14,15,16]. In this paper we proposed a
novel design of the nonlinear PI controller for the control of the electric vehicle with two
motor wheel drives (Z. Yinhai, et al Z. Yinhai, et al,2009; Cruz, M. A. Gallegos, R. Alvarez,
and F. Pazos, Cruz, M. A. Gallegos, R. Alvarez, and F. Pazos,2004; Y.X. Su, Dong Sun, B.Y.
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Duan,2005) [8-11].

The remainder of this paper is organized as follows. The first part reviews the main
components of the electric vehicle model. The second part shows the electronic differential
and its implementation. Third part shows the development conventional linear fixed-gain Pl
design for electric vehicle engines. Fourth part shows the nonlinear Pl controller law proposed.
The proposed structure of the propulsion system studied is given in the fifth part.The sixth
part gives simulation results of the different cases studied. Finaly, the conclusion is drawn to

the seventh parties.

2. ELECTRIC VEHICLE MODEL
Fig. 1 represents genera diagram of an electric traction System using an asynchronous

squirrel cage motors supplied by voltage inverter [3].

Inverter

Sa1 S

Wheel

References

Control

Battery

Fig.1. Electrical traction chain

For the design presented in this paper it is considered that the two rear wheels of the vehicle
are driven by asynchronous squirrel cage motors.The general scheme of the driving wheel
control is represented by Fig.2 It's an electric vehicle which the back driving wheels are
controlled independently by two IM.The reference blocks must provide the speed references

of each motor taking into consideration information from the different sensors[7].
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Fig.2. Block diagram show use of the electronic differential

It is possible to determine the speed references according to the requirements of the driver.
When the vehicle arrives at the beginning of a curve, the driver applies a curve angle on each
driving wheels[17, 18].

The electronic differential acts immediately on the two motors reducing the driving wheel
speed situated inside the curve, and increases the speed of the driving wheel situated out-side

the curve. The driving wheels angular speeds are:

Wi = %ﬂ +Kp.Aw ; Wiy = %ﬂ — Kp. Aw (1)

The Fig.3 represents the electric vehicle (EV) driving wheels system, where Mg and M,

represent the right driving motor and left driving motor respectively [7].

A
\ A

Fig.3. Driving trgjectory model

The driving wheels speed variation is imposed by the trajectory desired by the driver and it’s

given by:
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_dy sin(8+B) Vy
Aw = 2 " lw.cos§ "Ry (2)

where:
V,,: tangential velocity of the vehicle
Kj,: choice of direction coefficient

R,: diameter of the whee

3. INDIRECT FIELD-ORIENTED CONTROL OF THEELECTRICVEHICLE
The reduced nonlinear model of IM using the orientation of the rotor flux is given by the

following equation system:

% = a;igs + ws. igs + az. B + bvyg 3)
d—;’f = —Ws. igs + aqigs + a3. 0,0 + bvgg (4)
B ayigs + 5.0, (5)
d——"“: = Tpaﬁ. (igs-Or) + a7. 0 + ag.C; (6)
Where:

C,:Load torque

dg = —,d7 =T ; dg =

_ PLp fe B L&
Li J

—

In this electric traction system, a two-stage inverter is used to obtain three balanced phases of
alternating current with variable current frequency of the battery.
-2 2 S
Vb S -1 2 —=1||S (7)
Ve -1 -1 21ls,
Where:
Sap,c: arelogical switches obtained by comparing thecontrol inverter signals with the
modulation signal.
o: isaconstant, which can be set empirically to asmall value.
The main objective of the vector control of induction motorsis, to control independently the

flux and he torque as DC machines, thisis done by using a d-q rotating reference frame
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synchronously with the rotor flux space vector [4]. Inideally field-oriented control, the rotor

flux linkage axisis forced to align with the d-axes, and it followsthat [1, 6]:
Bgqr =0 )

@dr — @r (9)

Electromagnetic Torqueis given by:
P.Lm .
Tem = E2 D dr- lgs (10)

The decoupling control method with compensation is to obtain the inverter output voltages

such that [6]:
i 3 W ; .

Vai= (kp + k; ;) (i3: — lds) — wsOLgigs (11)
: 1N\ ris . o L

Vqs = (kp + Kk; ;) (1qS - 1qs) + wgolgiys + msrﬁjdr (12)

By using, the placement poles method the proportional and integral gains of the Pl speed

controller (k,andk;) are determined by [6,13]:

2.pJ-f

kp = _F’_p__c (13)
2.p%]

ky = =5+ (14)

Wherethe desired polesare: s;, = p(—=1+])

3.1. Case of Straight Way

Flat road with 10% slope at 60km/h speed: In this test, the system is submitted to the same
speed reference. The driving wheels speeds stay aways the same and the road slope does not
affect the control of the wheel and the sliding mode control act immediately on the speed
loop’s and rejects the disturbance and give’s more and more efficiency to the electronic
differential output references. We can say the slope sensitize the motorization to develop
efforts in order to satisfy the electric traction chain demand. The system behavior of these
speeds is illustrated by fig.4; fig.6 describe the electromagnetic Torque variations. It seems
has the two motors develop the same efforts in order to pass the slope the resistant torques is

shown in fig.5.
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Fig.5. Resistive Torques
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Fig.6. Motor Electromagnetic Torque

3.2. Caseof Curved Way

Curved road at right side with speed of 60km/h: The vehicle is driving on a curved road on
the right side with 60km/h speed. The assumption is that the two motors are not disturbed. In
this case the driving whedls follow different paths, and they turn in the same direction but
with different speeds. The electronic differential acts on the two motor speeds by decreasing
the speed of the driving wheel on the right side situated inside the curve, and on the other
hand by increasing the wheel motor speed in the external side of the curve. The sliding mode
control ensure the stability of the propulsion system by maintaining the motorization error
speed equal zeros and gives a good rising time and no over tracking error too The behavior of
these speeds is given by fig.9, the variation of the vehicle torques and the electromagnetic
torques areillustrated in fig.7 and fig.8.
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Fig.7. Left motor Electromagnetic Torque
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Fig.8. Right motor Electromagnetic Torque
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Fig.9. Vehicle speed in right turn in curved way

4. SPEED CONTROL OF THE EV BY THE NONLINEAR PI (NLPI)

In order to improve the control quality, a nonlinear PI (NLPI) IM speed controller can be
constructed as shown in fig.10. The combination of nonlinear terms can provide additional
degrees of freedom to achieve a much improved system performance. The nonlinear Pl

controller action is given by |9,10,11]

Te = kp-fal(e, oy, 8,,) + ki fal(f e, o, §;) (15)
IxI%sign(x) IxI > 68,6 >0

fal(x, a, 8) = { alx_a Xl < § (16)

Where:

fal(x, a, d)is anonlinear function represented in fig.1
xis avariable which can beeor fe dt

eis the error between the speed reference and real speed of the VE(e = w; — w,.)

k, and k;are respectively proportional and integral gains of the PI controller, presented in
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(13) and (14)
Teis the referential torque (the control signal)

The parameters o, and o; are constant, empirically chosenintherangeOto 1,

When,ap, = a; = 1 the controller becomes alinear Pl controller.

0 isaconstant, which can be set empirically to asmall value.

fal(x, a, ®)
A

a=1

Fig.10.The nonlinear functionfal(x, a, d)

The principle of adjusting the speed of the EV by a nonlinear Pl controller is presented by a
block diagram as shown in Fig.11.

PWM

Inverter

A A

PARK™?

Fig.11. Block diagram of EV control by anonlinear Pl controller
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The simulation tests in the case of straight way and curved way are the same used with

nonlinear Pl controller the results of the ssmulation are presented in the figures 12, 13, 14, 15,

16, and 17.
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Fig.17. Vehicle speed in right turn in curved way

The advantage of this control is its robustness, its capacity to maintain ideal trgectories for
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two wheels control independently and ensure good disturbances rejections with no overshoot
and stability of vehicle perfected ensured with the speed variation and less error speed. To
compare the effect of disturbances on the vehicle speed in the cases of two types of control,
fig.18 shows the system response in two cases (nonlinear Pl controller and conventional linear

fixed-gain Pl controller) [10].

80 T T ] ] ]
Conventional linear Pl controller
70k Nonlinear Pl controller L

60 T {~ s

50 -

vehicle wheel speed [km/h]

0 I I I
0 1 2 3 4 5 6

temps [sec]

Fig.18. Comparison of the vehicle speed for the two controllers

5. CONCLUSION

The research outlined in this paper has demonstrated the feasibility of an improved vehicle
stability which utilizes two independent back drive wheels for motion by using the nonlinear
Pl contoller. This paper proposes an ‘independent machine’ control structure applied to a
propulsion system ensuring by the electronic differential. The results obtained by simulation
show that this structure permits the realization of the robust hybrid control based on nonlinear
Pl controller system, with good dynamic and static performances for the
multi-converters/multi-machines propul sed system.

The proposed nonlinear PI controllerimproves the driving wheels’ speeds control with high
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accuracy either in flat roads or curved ones. The disturbances do not affect the performances
of the driving motors and the hybrid control gives good dynamic characteristics of the traction

chain.
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