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ABSTRACT

Electrical motors are designed to operate with high performance and
precision while a fast response is achieved by the intended control.
Compared to traditional synchronous motors, permanent magnet
synchronous motors have complicated mathematical and non-liner
models when considering control design. Designing traditional control
system becomes more difficult especially when dealing with the
interactive parameters. Moreover, the neural network control systems

Keywords: _ have been a topic of interest since they can be implemented for non-liner
égr:?rtoel'l"'ﬁe”t Adaptive and complicated systems without considering the mathematical model of
Artificial Neural Network.  the proposed system. In order to obtain a desired response, the design is
Proportional-Integral achieved through procedure called training the network based on the
Controller. model. Therefore, this paper presents an implementation of a neural
Permanent Magnet network for a permanent magnet synchronous motors control where

Synchronous Motor Driver.  jynrovement of the performance of control is achieved and compared

with conventional proportional-integral control. The Matlab/Simulink
tool box is used to simulate the proposed system. Simulation results have
shown that the suggested controller provides better response than
traditional proportional-integral controller for the speed control for
synchronous motor driver. In addition, the speed/torque of the selected
permanent magnet synchronous motor can be controlled as a desired.
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1 INTRODUCTION

The most commonly used controller for a synchronous 3-phase motor drives are Proportional
integral (P1) and Proportional-Integral-Derivative (PID) controller. However, they have some
disadvantages including high starting overshoot, sensitivity to controller gains and sluggish
response due to sudden load disturbance. Since the Permanent Magnet Synchronous Motors
drive (PMSM) have complicated mathematical and non-liner models, therefore, designing
traditional control system becomes more difficult especially when dealing with the interactive
parameters. Although the PID controller has the advantage of simple structure and easy
implementation, however, it unable to deal with nonlinear behaviour and it has sluggish speed
response. For example in reference [1] the PMSM drive has been controlled using Pl
controller. However, the results show that the PI controller is sensitive to speed changes, load
disturbances and parameters variation without continuous tuning of its gains. Simulation of
the PMSM System using Fuzzy Self-Adjusting PID Controller is presented in [2]. Reference
[3] presented Fuzzy and PID controller for speed control of the PMSM motor. The results
show that there overshoot when using both the Fuzzy and PID. However, Fuzzy controller
provides less overshoot and faster speed response than the PID controller. A PMSM drive
based on Fuzzy/PID control is reported in [4]. Results show that the Fuzzy/PID adaptive
control responds fastest than PID controller. However, Fuzzy adaptive controller has some
overshoot of speed response. Reference [5] presented the detailed modelling using Fuzzy
logic controller for the PMSM derives system using Matlab/Simulink. The performance of the
proposed Fuzzy logic controller has been compared with that of the conventional Pl and PID
controllers. Engineers and researchers have recognized that the implementation of an
Artificial Neural Network (ANN) as key factor in designing reliable and effective control
systems in industrial applications. For example reference [6] introduced the use of neural
model reference control method with the design of the inverted pendulum. In addition, it
presented the limitation of PID control algorithm for inverted pendulum. The results proved
that the performance of the original system had very big improvement, system stability,
accuracy and rapidity. An adaptive controller using ANN for nonlinear time-varying system is
presented in [7]. The simulation results conform the effectiveness of the proposed algorithm.
Also, the results show that the presented controller is simple to implement and may be used
for multivariable system. Reference [8] proposed a neural network controller for the speed
loop of electric drive. The use of parallel neural network combined with sliding mode control
in overhead crane control system is introduced in [9]. The paper applied the parallel
processing capability of NNs and used SMC concepts to tune the free parameters. Results
show that the proposed control can drive a crane efficiently and minimize the positioning
error for the cart and load swing for the load. Moreover, the proposed method is confirmed
the effectiveness of control based on NNs for solving other sway problems. From the above
discussion, it can be seen that limited research has been done in designing an effective and
reliable control for the PMSM drive, particularly using ANN. This paper has addressed this
issue and presents a novel Intelligent Adaptive Controller (IAC) for the PMSM drive based on
ANN. Moreover, the paper aims to compare the proposed IAC with the PI controller.
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2 OVERALL BLOCK DIAGRAM

The Motor (PMSM) drive system compound of five main ingredients namely controller, d-
g/abc, Pulse Width Modulation (PWM), abc/dg, and the PMSM as shown in Figure 1.
Controller and model (PMSM) under study we will be discussed separately in next
subsections.

Figure 1: The permanent magnet synchronous motor drive system

2.1 Controller Modelling

Since this paper aims to compare the results that come out from the proposed IAC with, the
results that come out from the PI controller therefore, both controllers will be described in
following subsections.

2.1.1 The Intelligent Adaptive Controller

The proposed Intelligent Adaptive Controller (IAC) is created using Matlab/neural network
toolbox as shown in Figure 2. The feed forward Multilayer Perceptron (MLP) neural network
is used in this study in order to build the proposed IAC. It contains of input layer with one
neuron; three hidden layers contain 10, 50 and 15 neurons respectively and one neuron in the
output layer as shown in Figure 3. The used transfer function for hidden layers is ‘tansig’ and
‘purelin’ transfer function for the output layer. For the training process of the MLP, the
maximum acceptable sum error is set at 0. In addition to that a number of iterations for the
training of ANN model are set to 300 epochs (cycles). The training procedure is carried out
until @ maximum of 300 epochs or the maximum acceptable sum error is reached. In this
study computer memory is sufficient for the training. The error (the difference between the
reference and output of the PMSM) and the target (output signal of the PMSM) are used as
input (data) to train the proposed neural network. In order to implement the ANN model the
data is divided into three sets namely training, validation and testing sets. For the training
phase of MLP model, 80% of the data are assigned as the training set, 10% for the validation
set and the remaining 10% are employed for testing the performance of the network.
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du/dt Input
Vb Derivative Gain Vb
Neural Network
Figure 2: Structure of the IAC
Input layer I Three hidden layers I Output layer

Figure 3: The used multilayer perceptron for the proposed controller

2.1.1.1 Mechanism of an Intelligent Adaptive Controller

A multilayer neural network is used in order to concept an intelligent controller for the
PMSM drive as shown in Figure 3 and Figure 4. The adapted output of the neural network is
fed into the PWM, where the signal is modulated and then passed into the converter block
(abc/dq). In the abc/dqg block the signal is changed from the abc into the dg. The output signal
is then used_for controlling the speed of the PMSM drive as shown in Figure 4.

Adaptive

mechanism \

Reference e
model +

ANN controller

PWM

abc/dq

PMSM

y

Figure 4: The mechanism of the intelligent adaptive control
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u(t) = ky[R() = Y(O)] + k; [[[R() — Y ()]dt (1)

u(t) = kye(t) + k; [ e(t)dt )
Where:
u(t) - controllers output signal
e(t) - controllers input error signal
k,, - proportional control gain
k; - integral control gain

2.2 Permanent Magnet Synchronous Motor d-g Modelling and Simulation

A mathematical model is needed for appropriate simulation of the PMSM in a rotor d-q
reference frame and can be described by the following equation.

Ag = Lyig (3)
Ag = Lgig + Am 4)
Vq = Rsiq + (l)rld + plq (5)
Vd = Rsid — wrlq + pld (6)
d
p= (7
The developed torque motor is being given by :
T, =T, + Bw, +] ®)
. 3P ..
T, = Kiig + EE(Ld - Lq)ldlq 9)
3P
Kt = E;Am (10)
_ To—T—Bwy
w, = [ (—] )dt (12)
_ 2nf
wr =0 (rad/s) (12)
Where:
V; — g-axis voltage L4— Direct-axis inductance
V,; — d-axis voltage L,— Quadrature-axis inductance
R, — Stator resistance Aq— Flux linkage due g-axis
iq —g-axis current Aq — Flux linkage due d-axis
iz— d-axis current A — Permanent magnet flux
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w,— Electrical speed
T, — developed torque
T, — Load torque

f - Frequency

A — Flux linkage
B- Friction

J- Inertia

p — Pole pair

The above equations can be used in order to simulate the motor using Matlab / Simulink tool

box as shown in the Figure 5.
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Figure 5: MATLAB simulation of d-q model of the PMSM

3 SIMULATION OF THE OVERALL SYSTEM

The Matlab/Simulink tool box is used to simulate the overall system. So system blocks are
created of lower level blocks grouped into a single mask-able block as shown in Figure 6. In
this paper, simulation of the PMSM drive has been done with the following speed and current

controllers:

1. Pl speed controller with PWM current controller.
2. An Intelligent Adaptive Controller (IAC) with PWM current controller.
3. The simulation parameters of the PMSM drive is shown in Table 1[10].

Table 7: The PMSM drive parameters

Volume (6) Issue 5 (December 2021)

Parameters Symbol Value
Rated stator voltage Vs 380 V
Load Torque T, 6.45N.m
Moment of inertia J 0.015
Armature resistance Ra 3.59Q
Per phase inductance L Ph 0.0435H
Rated Frequency F 60Hz
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Pole pairs p 6

Nominal rotor speed Nn 0 rpm)120125.6 rad/sec (
Permanent magnet flux Am 0.545 Vs

Direct-axis inductance Lq 0.036 H

Quadrature-axis inductance L, 0.051 H

constant Ke 0.148 V.rad/s

Kl

1d=0

Wref

WrANN

abc/dgl TL TemANN
An Intelligent PWM .J—> theta
Adaptive Control ler dg Model

TL

Figure 6: MATLAB/SIMULINK of the proposed PMSM drive system

4 SIMULATION RESULTS AND DISCUSSION

Results, which have been carried out using the proposed IAC based on ANN is compared
with results that carried out with the conventional PI controller. Therefore, in order to test the
system reliability, a step input signal with amplitude is applied to the both systems
individually. The results of this study can be divided into:

4.1 The results that comes out using the proposed IAC.

Figure 7 shows the speed response of the IAC without load. From Figure 7, it clearly can be
noticed that the IAC meets the desired requirement with a rise time of about 0.017 sec,
settling time of about 0.125 sec and almost 0% steady state error. Moreover, it can be
observed that the output of the IAC is acceptable and its response works very well.

A torque of 6.45N.m is applied to the PMSM driver in order to investigate the performance of
the system using the proposed IAC. The speed response of the IAC is shown in Figure 8.
From the Figure 8.it can be observed that the system behaviour faster than Pl controller. It
also, can be noticed that the rise time 0.016 sec and settling time 0.125 sec. In addition to that
it can be seen that the torque affects the system instantly with steady state error 5.5%. Also,
the 1AC can overcome the nonlinear behaviour and it can drops the electric magnetic torque

580
Journal of Alasmarya University: Basic and Applied Sciences Akl g dpalad) o glal) 14 sanll) daalal) Alaa




The Application of an Intelligent Adaptive Controller for Permanent Magnet Synchronous Motor
Drive Using Neural Network

from 25 N.m to zero without load and from 20 N.m to zero with load torque 6.45 N.m as
shown in Figure 9, and Figure 10.
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Figure 7: Speed response using IAC without load
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Figure 8: Speed response using IAC with load 6.45N.m
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Figure 9: Obtained electromagnetic torque (N.m) using the proposed IAC without load
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Figure 10: Obtained electromagnetic torque (N.m) using the proposed IAC with load 6.45N.m.

4.2 The results that comes out using the PI controller.

The responses of the PI-controller without load and with load 6.45 are shown in Figure 11 and
Figure 12 respectively. From Figures it clearly can be observed that the speed response
sluggish than the proposed IAC with 0% of overshoot, steady-state error 0%, rise time
0.034sec, and settling time 0.175sec, for the PI controller without load and 0% of overshoot,
steady-state error 5%, rise time 0.036sec, and settling time 0.175sec, for the PI controller with
load 6.45N.m. In addition to that it can be noticed that there is a non-linear behaviour has
been accrued during the system run time. Finally, it clearly can be seen that the PI controller
cannot overcome the nonlinear behaviour as shown in Figure 13 and Figure 14.
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Figure 11: Speed response using the Pl controller without load
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Figure 13: Obtained electromagnetic torque (N.m) using the Pl controller without load.
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Figure 14: Obtained electromagnetic torque (N.m) using the Pl controller with load 6.45N.m.

A comparison between two models of the proposed IAC and PI controller is shown is shown
in table 2.

Table 2: presents the obtained results using both controllers

Type of controller Pl without | IAC without | PI  with load | IAC with load
load load 6.45 6.45

Overshoot (%) Zero zero zero zero

Settling time (sec) 0.175 0.125 0.175 0.125

Rise time (sec) 0.034 0.017 0.036 0.016

Steady-state  error

(%) 0 0 5 55

5 CONCLUSION

From above discussion in section 4 it can be concluded that the proposed IAC using ANN has
the advantages of the PI control, so it can get better control performance of the PMSM drive.
In addition to that, the system which uses the IAC can run faster, smoothly and still it has
perfect dynamic and static characteristics for a speed of 125.6 rad/sec (1200 rpm). Moreover,
the IAC using ANN has less regulating time and it can successfully overcome the nonlinearity
of the system compared to the traditional PI controller. Finally, even though the PI performed
better in terms of the steady state error, however, it can’t overcome the nonlinearity of the
system..

6 REFERENCE

[1] Praveen Kumar and Anurag Singh Tomer, (2013). Modeling & Simulation of PMSM Drives with Fuzzy
Logic Controller. International Journal of Modern Engineering Research (IJMER). www.ijmer.com Vol. 3,
Issue. 4, Jul - Aug. 2013 pp-2492-2497 ISSN: 2249-6645.

[2] Kiran Boby, et. al. (2013). Simulation of PMSM Vector Control System with Fuzzy Self-Adjusting PID
Controller Using MATLAB. International Journal of Scientific and Research Publications, Volume 3, Issue
3, March 2013 1 ISSN 2250-3153.

584
Journal of Alasmarya University: Basic and Applied Sciences Akl g dpalad) o glal) 14 sanll) daalal) Alaa




The Application of an Intelligent Adaptive Controller for Permanent Magnet Synchronous Motor
Drive Using Neural Network

[3] P.Vinu Chakaravarthi and P.Karpagavalli. (2016). Speed Control of PMSM Motor Using Fuzzy and PID
Controller. JISET - International Journal of Innovative Science, Engineering & Technology, Vol. 3 Issue 1,
January 2016.

[4] Pei Pei et. Al. (2018). Position Tracking Control of PMSM Based on Fuzzy PID-Variable Structure Adaptive
Control. Hindawi Mathematical Problems in Engineering Volume 2018, Article ID 5794067, 15 pages
https://doi.org/10.1155/2018/5794067.

[5] Davendra Yadav and et. Al. (2012). Design, Development & Simulation of Fuzzy Logic Controller
to Control the Speed of Permanent Magnet Synchronous Motor Drive System International Journal
of Scientific Research Engineering & Technology (IJSRET). Volume 1 Issue 5 pp 101-106 August
2012 www.ijsret.org ISSN 2278 — 0882.

[6] Haiyan Wang. (2017). Neural Network Reference Model Control for Inverted Pendulum Based on Simulink.
5th International Conference on Frontiers of Manufacturing Science and Measuring Technology (FMSMT
2017). Advances in Engineering Research (AER), volume 130.

[7] Ayachi Errachdi Lara And Mohamed Benrejeb (2013). Model Reference Adaptive Control based-on Neural
Networks for Nonlinear time-varying System. Conference: 13th SCI, International conference on Systems,
Control and Informatics Venice, 28-30 September 2013.

[8] J. C. Zhou, J. P. Tian, and A. H. Tang, (2018). “Adaptive Sliding Mode Variable Structure Control for Turn
Over Robot Based on RBF Neural Network,” Automation Instrumentation, pp. 34—36, 2018.

[9] Lun-Hui Lee, Pei-Hsiang Huang, Yu-Cheng Shih, Tung-Chien Chiang and Cheng-Yuan Chang. (2014).
“Parallel neural network combined with sliding mode control in overhead crane control system,” Journal of
Vibration and Control, 2014, Vol. 20(5) 749-760, The Author(s) 2012, Reprints and permissions:
sagepub.co.uk/journals Permissions.nav, DOI: 10.1177/1077546312464681, jvc.sagepub.com.

[10]Enrique L. Carrillo Arroyo, (2006). “Modeling and simulation of Permanent Magnet Synchronous
Motor Drive System,” A thesis submitted in partial fulfillment of the requirements for the degree of
Master of Science in Electrical Engineering University of PUERTO RICO MAYAGUEZ
CAMPUS, 2006.

585
Volume (6) Issue 5 (December 2021) (2021 racd) 5 2aad) (6) el




Abdalkarim. Hadoud Milad. Elgargni Tareq. Elgargani Salem. Abid

PYKE SR RN g v ZI R DA PR P ek | T S E g RN | TS T JPUENA g P 5

dovanl) ClS LA

43.1.&:\ eﬂ.u cié\é‘)ﬂ\ OJLE czgrﬁ)ﬂ\ 2ba c*‘ldj.ﬁ; ﬁ)ﬁ\d.u:

kareemhadoud@gmail.com ¢l ¢iisa i i sy 3 dnala cdutigh LS (o pulall and!
zaedmilad9@gmail.com ¢l ¢uadd) (8 yall daala gl 4 canlall 5 20 1S dunigl) and?
tarkgargny@gmail.com ¢kt ¢ouedll (8 yall rala (uigh LS ccandall s Al Sl Aaigl) aud?®
L) (i3 Aaadlad &y yans) el cdlostigh AIS o sudnd 5 Ay 5681 i)

salem_obied@yahoo.com

oaildl

Gaad g dalle A8y e elal Jaad S Al <N Gl jadl Crana 38
Aol i) S paally A3 lae cosllaall aSailly dng ) AlaiY]
Lol z3la a3l Gualiaall culd Al Jiall S jaall (8 L)
HA;AS\J;M\UAMJM\MLQMPJEM
Rl bl ge el v Aald gl WSa3 ol
pSaill dadaiy Llaial o falll e (interactive parameters)
Ahd uall saadd) Aadaid Lealadinl (Say Cua danll KA
Gl (8 aSatdl adiegy pllall al)ll deall A8 jpe G
Llaiul o Jgandl ozl )l #3gaill 138 o il e dasl)
oded Al 3 Sall eUaall g 4y jaill dlaay ¢fa) Jucadl (5a8a7 9 duna
dnaall GISA] aladiuly oSadl) saa g 285 5 Jladl g avanal o4 A )
eS;_mSLa &J&A} N O;Lu;j} J}H\ ‘;'ivd ‘;\A\‘)S «ﬂ)u@ eS;Sﬂ
o jlad) Ay 138 5 cla) Al y35 (Proportional- Integral) (sadsil)
(Neural <y MATLAB, SIMULINK, o« 4iSae
(Proportional-Integral) (sl aSaially 43 jia sNetwork)
S ey ) dilaYl Lgle slaie Y1 (Say A ya il e J geanll
Logs Sl (S alal) Guabalinall 53 el 5l & aall o 5all 5 el
JEERPS

kareemhadoud@gmail.com e/ salf Galull iy 5<IY) 2 l)#

A Ll

S Sl Sl

Arihadd) Loadl) CilSuE)

omeail] — Lol Sl aSaLal)

il paphalisal] 53 il il & yaall

586

Journal of Alasmarya University: Basic and Applied Sciences

Llatl) g Aabaad) o glad) 2 sanddy) dsalal) Alaa



