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Abstract

This study proposes the speed control of an asynchronous motor (AM) using the H,, Antiwindup
design. First, the conventional vector control based on proportional-integral (PI) controllers is .
developed for a constant speed set point. Then, a driving cycle is based on measurements on the  !nduction Motor;
Safi/Rabat motorway in Morocco using a microcontroller equipped with a GPS device. The collected ~ Vector Control;
pra?icl?l spefedt his uds_ed z;ls a tspeefcli refergncte gor cotnvlen_tional &/e(t:tor_ control. ;I"qhe Ho;,f/Antiwindu;; Matlab/Simulink:
controller of the direct rotor flow-oriented control is used to improve the performance o
conventional vector control and optimize the energy consumption of the drive train. The dSPace Board TMS320F28379D.
effectiveness of the proposed control scheme is verified by numerical simulation. The results of the

numerical validation of the proposed scheme showed good performance compared to conventional . .

vector control. The speed control systems are analyzed for different operating conditions. These = Article History:

control strategies are simulated in the MATLAB/SIMULINK environment. The simulation results

of the improved vector control of the Asynchronous Machine (AM) are used to validate this ~Received: 20  February 2022
optimization approach in the dynamic regime, followed by a comparative analysis to evaluate the  Reyigeq: 04 April 2022
performance and effectiveness of the proposed approach. A practical model based on a

TMS320F28379D embedded board and its reduced voltage inverter (24V) is used to implement the ~ Accepted: 17 May 2022

proposed method and verify the simulation results. Available online: 31 May 2022

1- Introduction

Electric vehicles (EVs) have been considered a good vehicle choice for reducing greenhouse gas emissions. However,
the relatively short range of most commercially available electric vehicles limits their efficiency. Before energy density
increases significantly, improving the overall powertrain efficiency of electric vehicles is a cost-effective and practical
way to increase their use. At the same time, electric vehicle powertrain efficiency reduces electrical energy consumption.
Multi-speed transmissions have been widely used in traditional internal combustion engine vehicles for two reasons:

e Firstly, multi-speed transmissions provide better dynamic performance for vehicles (i.e., higher top speed, faster
acceleration, and smoother starting).

o Secondly, they allow vehicles to operate at high efficiency through gear shifting, which reduces fuel consumption.
However, there are few electric vehicles with multi-speed transmissions [1].

In the context of the electric vehicle, research has been and is being carried out on the various parts of the powertrain.
Since the significant appearance of the electric vehicle, the DC machine has been the most widely used. One of the main
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challenges is the acquisition of important data, the position of the vehicle on the road, and its speed in relation to a
specific mission or use. The idea is, therefore, to take into account the actual mission of the vehicle in order to optimize
the powertrain rather than set specific performance requirements (maximum speed, acceleration, range).

Ye et al. (2016) developed a hybrid approach for estimating the energy consumption of electric vehicles [2]. It
combines the knowledge-based model of Wu et al. (2015) [3] and the data-based model of Yao et al. (2014) [4].
Knowledge-based variable selection based on an analytical model is often a source of estimation in terms of real-time
performance due to its complexity. On the contrary, data-based variable selection does not necessarily consider their
physical meaning, which leads to unsatisfactory predictability and scalability because it is customized by specific
training datasets.

Optimal energy management is one of the many critical aspects of advancing fuel Cell/Super-capacitor hybrid electric
vehicle technologies. Characterized by the slow dynamic response, a fuel cell system is unable to meet the transient
demand for motive power. Hybridization with another auxiliary source, such as a battery and/or Super-capacitor module,
is crucial to the dynamic performance of the system. However, the development of a power management system and
control strategy is necessary to ensure optimal performance according to the system characteristics and constraints.

L0 et al. (2018) presented a comparative study of four real-time energy management strategies, applied to hybrid
electric petroleum vehicles, and fuel cell electric vehicles. Optimization methods such as Pontriagin's minimum principle
and dynamic programming are applied and implemented to provide results. The problems of numerical implementation
and parameterization of the strategies are also discussed [5]. Satisfying the traction power is the main role of the EMS,
however, solving only the power distribution problem is not enough. Fuel economy, system dynamics, and durability
are also other key criteria for optimal performance. However, in order to combine multiple objectives, powerful
strategies must be developed. An appropriate EMS is expected to achieve optimal power distribution of the hybrid
source, maintain system durability, reduce hydrogen consumption and ensure user safety.

Several research papers have considered a multi-objective scheme. However, some papers focus only on one or two
criteria without considering the other aspects [6, 7]. The proposed management approaches can be mainly classified into
classical rule based techniques and advanced optimization based techniques. The classical techniques are simple to
implement and do not require optimal performance. On the other hand, optimization-based methods are more complex
and therefore require more effort and computation time. But they are able to achieve optimal performance for a given
cost and associated constraints.

Online energy management based on a data fusion approach has been studied before [7], where fuzzy logic controllers
are optimized according to the trapezoidal fit. The proposed method considers different driving cycle models for the
fuel-cell/Super-capacitor hybrid electric vehicle and assigns a specific optimization objective for each driving cycle.
The randomness of the driving cycle of electric vehicle requires a more accurate but real-time control strategy. Kumar
& Moulik (2021) [8] present a comparison of the most commonly used electric motors and their control techniques for
electric vehicles.

Wei et al. (2022) developed a dynamic energy management strategy for EVs to optimize battery energy consumption
and simultaneously reduce tire slip loss [9]. Non-linear model predictive control is used to identify tire dynamics and
vehicle load. All these elements motivated the writing of this paper for an in-depth study of rotor flow-oriented vector
control whose objective is to improve the dynamic performance of the system during speed variation on a real trajectory
[10].

To validate our controller H,, approach, for an induction machine speed controller based on the flux orientation
strategy. This strategy is simulated in Matlab/Simulink and then implemented using a TMS320F379D embedded board.
In order to demonstrate the superiority of the proposed H, control, its performance was compared with that of a
conventional Pl-based direct vector control under different operating conditions [11]. The vector control is based on
velocity measurement. However, physical sensors have shortcomings that can degrade system control.

Indeed, the cost of the sensors can considerably increase the total cost of a control system, and their associated wiring
reduces the reliability of the control system, for which a classical MRAS speed estimator is used and improvements by
other types of more efficient speed estimators are planned. The objective of this paper is to compare the performance of
Pl and H,, controllers applied to an asynchronous motor in order to propose an efficient solution to minimize the energy
consumption of the vehicle when moving along a well-defined trajectory.

This study is organized into five sections. Section 2 presents the description of the powertrain and its dynamic
modeling, and then a practical microcontroller-based system is developed to collect geographical data from the vehicle
on the road. Section 3, describes the design of the conventional vector control based on proportional-integral (PI)
controllers, section 4, describes the modeling of the asynchronous motor and the conventional and robust control
techniques H,, applied to the vector control, section 5, presents a comparative study of the dynamic performance of the
two methods the practical test bench used to implement the control techniques.
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In perspective, advanced control techniques such as Pontriagin’s minimum principle are considered for application
to the asynchronous motors of the drive train are under development and implementation using the DSP
TMS320F28379D board and its reduced voltage (24V) inverter.

2- Traction Chain
2-1- Description

The wheels are connected to the induction machine for mechanical transfer (Figure 1). The motor is powered by a
three-phase inverter, which converts direct current into alternating current. The direct current comes from a DC-DC
converter powered by rechargeable batteries.

Several types of powertrains have been developed to power vehicles [6]:
¢ Internal combustion vehicle;
e Hybrid vehicle;
e The plug-in hybrid vehicle;
o Electric vehicle (EV).

Boost Converter DC-AC Induction Machine
Converter
Mechanical
\ Transfer
Battery {@
Wheels

Figure 1. Energy conversion chain

2-2- Experimental Model Based on the GPS On-Board System

The driving cycle is based on measurements made on the Safi/Rabat motorway in Morocco, using a microcontroller
model equipped with a GPS module. The actual measurements allow the speed profile to be plotted according to time
(Figure 1), and the validity of the results to be verified by plotting the route on a MAPS map (Figure 2) [10].

The data collected in the table (Table 1) represent part of the data collected while the vehicle was running for four
hours without stopping on the A1 motorway in Morocco (from 14h, 18min to 18h, 16min).

Table 1. Recorded data

Latitude Longitude Altitude (m) Speed (Km/h) Time / Date

32.29699 -9.214521 1139 0 14:18:53 / 13.05.2020
32.29787 -9.213886 1139 28.5 14:19:08 / 13.05.2020
32.2984 -9.213513 1137 28.5 14:19:24 / 13.05.2020
32.8874 9.813513 102.5 74.5 16:19:24 / 13.05.2020
33.95274 -6.914687 70.8 95.4 18:15:30/ 13.05.2020
33.9549 -6.914562 725 70.8 18:15:48 / 13.05.2020
33.95707 -6.910218 73.6 913 18:16:05 / 13.05.2020
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To validate the data collected by our GPS system (table 1), the Safi/Rabat trajectory travelled by the vehicle is shown
in Figure 2.

Khouribga
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Y
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~ ElBorouj ‘
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|

Figure 2. The itinerary between Safi and Rabat

2-3- Force Applied to the Vehicle
The vehicle is considered as a moving solid point body subject to three forces along the longitudinal axis (Ox),
Figure3.

Figure 3. Forces applied to a vehicle

o The traction force results from the action of the driving wheels on the road surface.
o The aerodynamic drag force.

o The resistance to elevation:

The fundamental principle of vehicle dynamics:

Mvehaveh = Ftr(t) - Faer(t) - Frr(t) (1)

2-4- The Wheels

The wheels are mechanical force converters. The torque delivered by the rotating powertrain is transformed into
forces applied to the vehicle body [12]. The model considered is therefore a simplified model, which only takes into
account the resultant of the forces generated by the four tyres. A single virtual wheel is therefore sufficient to represent

the average behaviour of the four wheels.

Page | 837



Emerging Science Journal | Vol. 6, No. 4
This virtual wheel generates a driving force F,,,; (t) from the wheel torque delivered by the drive train.

CW ee
Fpoe (£) = Stneet® @)

Rwheel

The interface between the tyre and the road surface is the seat of frictional forces Froll (t) which oppose the progress
of the vehicle:

Frou (t) = Myep. g- Cr(Vueh(t))- cos(a(t)) (3)

The coefficient of friction C; depends on the vehicle speed Vyen. For given operating conditions (temperature,
humidity) and within the framework of an energy model, we obtain a quadratic function:

Cr(Vveh) = C(r) + Kcr' V%eh(t) (4)
where; C° and K, are coefficients that can be determined experimentally.

Finally, the tensile force applied to the drive train is written as follows:

Ftr(t) = Fmot(t) - Froul(t) (5)
The speed of rotation is given by:
Vyen(t)
wweel(t) = RL ©)
wheel

2-5- Gearbox and Transmission

The gearbox adapts the speed and torque between the electric machine shaft (w., Cmot) @nd the drive wheels
(mwheel' theel)-

The transmission is mainly composed of the differential block, which is responsible for distributing the output torque
of the gearbox evenly to the driving wheels. An overall reduction ratio is considered between the electric machine shaft

and the wheel. The efficiency of the gearbox/transmission assembly is assumed to be constant. According to the
assumptions made, the relationships between torques and speeds are given by:

wmot(t) = Wyheel (t)rred (7)

3- Mathematical Model and Control Technique for IM Drives

The asynchronous motor fed by a voltage inverter is considered the main actuator in the electric drive train,
subsequently; simulation work was carried out to optimize the energy consumption of all the train components using a
speed estimator (MRAS).

Et-Taaj et al. (2021) developed a robust sensorless control of the induction motor (IM) using the extended Kalman
filter (EKF) [13], the quality of speed estimation depends strongly on the rotor and stator resistance. A change in the
rotor or stator resistance causes a significant speed estimation error, especially at low speeds. The variation of these
resistances affects not only the estimated speed but also the indirect vector control.

3-1- Mathematical Model of the Induction Motor

The dynamic mathematical model of the induction motor consists of the differential equations describing the
electromagnetic relations of the stator and rotor and the equation of motion [11, 14].

The Equations 9 to 13 describe the dynamic model of the induction motor:

df - (ﬁ * j:) 5+ wlf + (:M;;) oF + (ﬁ) wd? + ivf ©
B ot = (= 21— (52 wof + () 0 + v W
el (0 - )0 a
df - Tﬂr]g — (w, — w)o? — Tirqbg )
c,—-C, = ]mj—!: +f, 0 avecC, = %P(cbrdlsq — 1) 13
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3-2- Rotor Speed Estimation

The MRAS method is based on the comparison of the outputs of two estimators. The first, called the reference model,
does not depend on the quantity to be estimated and the second, the adjustable model, depends explicitly on the quantity
to be estimated. The error between the outputs of the two estimators drives an adaptation mechanism that generates the

estimated speed w,.

3-2-1- MRAS Reference Model

The components of the flux @, from the measurement of the stator currents. The measurement of the stator
currents i and stator voltages as a function of the stator flux can be derived from the following relationship [9, 10].

t .
(Das = fO (vas - Rslas)dt

Dgs = J, (vp = Ryig)dt 49
3-2-2- MRAS Adjustable Model
Based on the rotor equations, it is shown that [10]:
0 = —Ly(R, + polL,)igs — oL, Lsw,ips + (Ry + pLy) s + wr Ly dps (15)
0 = 0L, Lswyigs—Ls(Ry + PoL,)igs — @ Ly s + (Ry + pL) g
The system (15) can be expressed as follows:
Gas = 1=+ (Lswrigs + 2 (1 + 0T,D)is — 0rBps) .
Bps = T+ (—OLsplas + 2 (14 0T,Digs + 0, bas) =
{g" = Pus ” ?“5 17)
&p = ¢55 - ¢55

The observed error between the states of the two models given by Equation 18 is used to generate o, using a
proportional-integral controller as an adaptation mechanism (Figure 4).

"'ors q’I!IS
":Es —3 Reference
s - Model 4;!%,,5_
Igs i
-
o
! Adaptation
b Mecanism

Figure 4. Classical MRAS model
To improve the conventional MRAS, sensorless vector control of the induction motor based on an improved adaptive
Luenberger observer is developed. Boulghasoul et al. (2020) propose an observer to estimate both the speed and the
parameters of the motor from the measured stator currents, the stator voltages, and the estimated rotor fluxes [15].

3-3- Sensorless Vector Control of an Asynchronous Machine

Equations 9 to 18 can be used to implement sensorless rotor flux vector control of induction machines (Figure 5).
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Figure 5. Synoptic diagram of the speed sensorless vector control strategy

3-4- Design of the Proposed Controller Based on the Robust Theory H,
The proposed controller is designed to achieve the following objectives:
o Minimal effect of high-frequency measurement noise.
e The maximum limitation of closed-loop signals to avoid saturation.
o Minimal effect of rejecting load disturbances, reducing the peak speed trough.

o Asymptotic and good tracking of sudden changes in control signals, in addition to a fast and excellent damping
response.

e Excellent damping response.
¢ Survival to variations in system parameters.
o H-theory offers a reliable procedure for the synthesis of control signals.

H,, Theory provides a reliable procedure for synthesizing a controller that optimally verifies the singular value loop
shaping specification [16, 17]. The standard configuration of the control problem H,, is to find a static or dynamic
feedback controller such that the norm H,, (a standard quantitative measure of the size of the system uncertainty) of the
closed-loop transfer function is less than a given positive number under the singular value constraint.

The synthesis H,, is carried out in two stages:

Formulation: The first step is to select the optimal weighting functions. Appropriate selections of the weighting
functions allow the robustness of the system to be improved under different operating conditions and by varying the
model parameters. In addition, this allows disturbances and noise to be rejected in addition to parameter uncertainties.

Solution: The weighting transfer function has been updated to the optimal configuration.
In this paper, the MATLAB optimization toolkit in Simulink is used to determine the best weighting functions.

Figure 6 shows the block diagram of the H,, design problem, where G(s) is the transfer function of the nominal
system of Gp(s) plus weighting functions that represent the characteristics and objectives of the design, u is the control
signal and w is the exogenous input vector, which typically includes control signals, disturbances and environmental
disturbances and measurement disturbance, and y represents the inputs to the controller, the measurement output and z
is the error the output has to minimize.
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The objective of this problem is to design a controller K(s) for the augmented system G(s) to have desirable
characteristics for the transfer function based on the information from y, to generate the control signal u.

In conclusion, the design problem of H,, can be summarised as follows: detect a control law for u (s) = K(s) y(s) to
neutralise the effect of w and z and thus minimise the closed loop error.

W Z
> Plant -

u G

Controller
K D

Figure 6. General configuration of the design problem H,,

In the proposed control system which includes the controller H,,, the nominal system Gp(s) is augmented by
weighting transfer functions W1 (s), W2 (s), and W3(s), which limits the error signals, control signals and output signals
respectively. An incorrect weighting function may lead to poor dynamic performance and instability characteristics of
the system.

V4
1 V4
— @) | > Y6 2
s
w, 4 H., W, Z
L S w(s o
_ O—> Controller > G g
Disturbance

Figure 7. Plant with weighting functions for H,, design
Consider the augmented system shown in Figure 7. The set of weighting transfer functions to represent the robustness
and performance objectives. A good choice for W1(s) is useful to obtain a good tracking of the input reference and a

good disturbance rejection. The weighted error transfer function matrix Z1, which is needed for control, can be calculated
as follows:

Zy= WI(S)[wref - wr] (18)

An appropriate selection of the second weighting W2(s) will exclude actuator saturation and ensure robustness to
additional system disturbances.

Z, = Wy (s).u(s) (19)

where; u(s) is the transfer function matrix of the H,, controller control signal output.

In addition, an appropriate selection of the third weighting W3(s) will limit the bandwidth of the closed loop and
provide robustness to multiplicative disturbances of the system output and sensor noise at high frequencies. The
weighted output variable can be provided as follows:

Z3 = w,Ws(s) (20)

In summary, the transfer functions that determine the behaviour of closed-loop voltage and power systems are as
follows:
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e Sensitivity function: S

=[I=G(s).K()]™! (1)

where G(s) and K(s) are the transfer functions of the nominal system and the H,, controller, respectively, while | is the
identity matrix. Therefore, when S is minimized at low frequencies, it provides perfect tracking and disturbance
rejection.

e Controller function

C =K@ —-G(s).K(s)|™? (22)

The minimization of C avoids saturation of the actuator and provides robustness to additional disturbances of the
system.

e Additional function

T=1-S§ (23)

Minimizing T at high frequencies will ensure robustness to multiplicative disturbances of the system output and will
allow for noise attenuation.
3-5- Simulation Results and Discussion

The following simulations are carried out to validate the direct rotor vector control of the PWM inverter-driven
induction machine, using the vehicle speed reference made in section 2.4 and the flux reference Q¢ =0.85Wb.
3-5-1- The Traction Chain on the Marrakech-Safi Route

Using the measurements in Table 1, and the Equations in 1 to 8, the speed profile of the vehicle between Safi and
Rabat can be plotted, as well as the power developed by the wheels along the route.

Figures 8-a and 8-b shows the responses of the speed and the power transmitted to the wheels on the Safi/Rabat
motorway, and Figure 9 shows the Simulink file of the program used to simulate the electric vehicle.

Estimated vehicle speed [Km/H]

150 ‘ I I T T
100 | %W*W |
o ' ' -
0 20‘00 40;0 60;0 SOJOO 100‘00 120‘00 14::0 p::ooo
Power transm.il:tl:: t[:]wheels [Kw]
100 T T I
50 - _
) ~ Hl ’( (TR AN | ‘r m
N« nW M'H “ X, I W h \'\' /'l'\‘ NV MM \W» 0 b fid® lh | l”llA'L” 1‘“ W'“J\‘U\“vﬂ\"ﬂ
4 |« m« R Y i \ T PN
o m }l Il r 1, ) ™ THH Wﬂw W { ﬂ ) AT»,J,M 1
-500 2000 40;0 60;0 SOJOO 10(;00 12(;00 14(‘)00 16000

Time [s]

Figure 8. The speed and the power transmitted to the wheels on the Safi/Rabat motorway
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s

Mes_Speed Cmot Vehicle
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Figure 9. Electric vehicle Simulink program

For a constant speed on the motorway between the instants 1500 and 8000 seconds, the power transmitted to the
wheels presents weak undulations, after this instant, the vehicle leaves the motorway and enters the interior of
Casablanca, the power decreases and presents quite remarkable undulations because of the acceleration and deceleration
of the speed inside the city.

3-5-2- Vector Control with PI Controllers

The simulation of the vector control shown in Figure 10, in the Matlab/Simulink environment, this control is applied
to the asynchronous motor, which is used as the actuator of the electric vehicle.

1.5 T T I 20 Current Id| ]
— Flux Qd ——Current Iq
= 1! \ ‘ —Flux Qq| | g
S g0 1
g 05¢ ] ‘é ‘[ ‘ |
X =
5 A
L ol ' 3 ° Y
-0.5 - L L -10 I ' L
0 50 . 100 150 200 0 50 100 150 200
Time [s] Time [s]
20 T r T 50 T r
‘ — Speed Reference
| ——Real Speed
10 - 1 = \
_ < 150 - 1
< L ry /><\ A E
©
= $ 100 | 1
-10 1 [7) r
-20 - L ! . .
0 s0 T.r::’ . 150 200 0 50 100 150 200
ime [s] Time [s]
¢ Estimated torque
ol —Resistive Torqu97
o i
,L |
0 e f

Torque [N.m]

20 40 60 80 100 120 140 160 180 200
Time [s]

Figure 10. Response of the quantities (Flux, Currents, speed, and electromagnetic torque) of the MAS in the case of classical
vector control
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3-5-3- Application of H/Anti Windup Control to Rotor Flux Vector Control

The complete block diagram of the field-oriented induction motor drive with the proposed MRAS speed estimator is
shown in Figure 11, with the H,,/Antiwindup controller used to control the speed

The proposed system has been simulated using MATLAB/Simulink under different operating conditions. The
following set of weighting functions is obtained using MATLAB/Simulink optimization toolkit to achieve the proposed
robustness and performance objectives.

W, = tf(1e? * [0.1 1e?],1e? * [1e2 0.1])
W, = 0.05 (24)
W, = tf(0.01 * [0.01 0.01], 100  [0.01 0.01])

The corrector obtained by the method is the result of the algorithm described above takes the following form:

128953+3,426.105 52+3,413.10° 5+0.09439
5%+191653+4,38852+4,373.10° s+436.9

Kspeed (s) = (25)

For which the looped system ensures a standard H,, equal to: y = 0.0397.
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Figure 91. Speed response for two types of controllers
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The H,, control method is one of the most widely used techniques for the design of robust controllers. One of the
great advantages of this technique is that it allows the designer to approach the most general form of the control system
in which explicit consideration of uncertainties, disturbances, actuator/sensor constraints, actuator and performance
measures.

This technique is different from other methods such as LQR and LQG. However, a major disadvantage is the ability
required to design the form of the weighting functions and the fact that the process can scale up, the success of the
method depends on the correct choice of the weighting transfer function.

3-5-4- Simulation Results of Robust Controlled Driving System with Asynchronous Machine

The simulation results of a drive system controlled by an H,, controller show the advantage of using a robust control
in applications with a permanent variation of system parameters or external disturbances. A structure of the variable
speed with a rotor-flux-oriented control, of the drive train, fed by a PWM voltage source inverter is shown in Figure 13.
The rotor position information is obtained from a speed estimator. The control system was simulated in the Matlab /
Simulink environment. The speed controller was designed and simulated using several optimization criteria, to be
compared with a PI controller.

Speed response using a robust controller
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Torque response using a robust controller
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Figure 13. A comparative study of conventional Pl and H,, anti-windup controllers for direct vector control applied to an
asynchronous motor

The responses in Figure 13 represent the simulation of the vector control applied to the asynchronous motor. This
study is performed by two types of controllers, such as the Proportional Integral controller and a robust H,, Antiwindup
controller. Indeed, the use of a robust H,, Antiwindup controller allows for the improvement of the performances of the
vector control such as the response time, the overshoot, and the ripples of the quantities. These improvements allow the
optimization of the power consumption by the drive train. The simulation of the classical vector control based on Pl
controllers applied on an asynchronous motor in the drive train is shown in Figure 13; the variation of the speed at
certain times causes peaks in the electromagnetic torgue.

In the simulation shown in Figure 13, the speed of the vehicle on the motorway is varied from zero to 110km/h, these
variations allow the performance of the conventional vector control applied to the vehicle to be tested. The variations in
speed and the application of the resistive torque cause peaks in the responses of various machine variables. Indeed, this
vector control technique does not allow the optimization of the vehicle's energy consumption because of the
proportional-integral controllers used, whose syntheses do not take into account the variation of the motor parameters
and external disturbances. In order to improve the performance and to ensure a good optimization of the energy
consumed by the vehicle, as well as to ensure peak attenuation, the H,,/anti windup control strategy applied to rotor flux
vector control is adopted in the following section.

4- Test Bench for the Traction Chain

An electric traction chain is composed mainly of a power part that provides the electromechanical conversion of
energy and a control part that controls the power switches.

Figure 14. Traction Chain
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In Figure 14:
e The traction power for the wheels is provided by the three-phase electric machine (4).

e The torque of the wheels is provided by a differential (5) with a gear ratio to adapt the speed of the machine shaft
to that of the wheels

e The torque and speed of the machine are controlled by the inverter (3) which converts the DC voltage from the
battery (6) into a three-phase AC voltage suitable for the electric machine

e The energy flow is managed by the control unit (2), which converts the driver's commands (1) to controls sent to
the power unit.

The experimental bench contains a control part based on the TMS320F28379D DSP from Texas Instrument, and a
power part realized by a low voltage converter BOOSTXL-DRV8305EVM:

e The TMS320F28379D DSP is a dual processor CPU based on Tl's 32-bit C28x architecture. Each core can access
its own local RAM, flash memory and shared RAM. The Interprocessor Communication Module (IPC) provides
data sharing between the two CPUs. Each CPU operates at 200 MHz. [18, 19].

e The BOOSTXL-DRV8305EVM is a module that provides a DC bus and phase voltage detection as well as an
individual current shunt for sensorless BLDC algorithms. The module supplies the MCU with 3.3V with a 0.6A
LMR16006 step-down regulator.

e The control and power stages are fully protected by short-circuit, heat, discharge and thermal undervoltage
protections, (Figure 15) [18].

Signal Types

Viewed From Top

To LaunchPad XL J1

To LaunchPad XL J2

ITrrtT

LaunchPad XL 16

-
©

Figure 11. BOOSTXL-DRV8305EVM pinout
4-1- Experimental Design and Discussion

To validate the use of the proposed procedure for the simultaneous estimation of asynchronous motors, the simulation
results must be compared with experimental tests [20]. In this section, we worked on the acquisition of voltages and
currents. From these practical measurements, we can estimate the variables of the induction motor such as the flux, the
pulsation wsand the motor’s angular speed 2, (Figure 16). These measurements are based on the use of voltage and
current sensors.

Figure 12. Sensor Current Signal
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The practical test bench used to implement the asynchronous control algorithms is shown in Figure 17. The nominal
motor parameters are (1.1kW, 50 Hz, p=2, Rs=6.75Q, Rr=6.21Q, Ls=L1=0.5192 H, Msr= 0.4957 H, =0.002 SI,
J=0.01240 kg.m?). Figure 17 shows the experimental structure in real-time.

DSP TMS320F28379D
and BOOSTXL-

Host PC with Dspace
Asynchronous motor with board and Control
reduced voltage 24V Desk software

Oscilloscope

Figure 13. Photo of the traction chain test bench

4-1-1- Simulink Program

The Simulink program in Figure 18 represents real-time tests of the vector PWM control applied to an asynchronous
motor with reduced voltage (24v) adapted to the embedded board.

F2837x
: »|GPIOX
DRV830x Enable GPIO DO
| 25370731004
NI ,
AY "B epwmi
Ay >
—» PWM1
> abe [\ F283707x/004x
f\} M2 Slwe
"' w2
2°pi*E0 of KBl wt
z-1 PWM3

WF B3TR/0Tx004x

-pil'3

h J

WB

ePWM3

Figure 14. Example of a Matlab/Simulink program to control the asynchronous machine

4-1-1- PWM Experimental Response

The program in Figure 18 allows to visualize in real time the PWMs used to control the six switches of the
BOOSTXL-DRV8305EVM voltage inverter. Figure 19 shows the PWMs of phase A [21].
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Figure 15. PWM of phase A
5- Conclusion

This study presents a comparative evaluation of two conventional Pl controllers and a vector H,, Antiwindup control
applied on the asynchronous motor of the drive train. A conventional method based on the use of conventional Pl
controllers of three parameters such as flux, speed, and torque was developed and simulated for different operating
conditions. To evaluate the performance of this control, an H,, Antiwindup controller replaces the speed PI controller.
The test results indicate that improvements were achieved for speed, flow, and torque. In addition, the Anti-windup
vector control provides better dynamic control under different operating conditions, such as steady-state, load
application, and low-speed operation. This modified technique preserves the good properties of classical vector control
as a simple scheme designed within a stationary framework.

In general, the insertion of the Antiwindup technique into the vector control scheme solves the most common
drawbacks of vector control. Several comparable analyses and validations verify that the proposed method can achieve
good velocity tracking performance and strong robustness to external load disturbances and parameter variation. Further
research could focus on the design of the dynamic H,, controller including dq axis current performance with more
accurate decoupling methods.

Using MATLAB Simulink embedded coding tools saves time and money, is more efficient, has faster execution time,
and is ideal for industrial control research and design. The programming of the TMS320F28379D microcontroller with
its BOOSTXL-DRV8305EVM using the embedded approach in MATLAB Simulink is developed in this paper, using
tests under different operation conditions.
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