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Abstract: This paper suggests the use of the traditigmaportionatintegralderivative(PID) controler to control the
speed ofmulti PermanentMagnet SynchronousMotors (PMSMs). The PMSMs are commonlyused in industrial
applicationsdue to theirhigh steady statéorque,high power,high efficiencyJow inertiaand simple controlof their
drives compared to the other maadrives. In the present study a mathematical model of three ghas@oles
PMSM is given and simulated. Thiesed loop speed control fothis type of motors with voltage source invedead
abc to dqg blocksre desigred. The multi (Master/Slaseapproach) method is proposed for PMSNMathwork's
Matlab/Simulinksoftware packagés selected to implement this modehe simulation results have illustrated that
this control method can control timeulti PMSMs successfullyand give better performance

Index Term® Multi (Master/Slave), PMSMs, PID speed controller, VSI.

| INTRODUCTION and a desiredet pint. The controller attempts to

Permanent magt (PM) mota drives have been minimize the error by adjusting the process control
attractedof interest for the last twenty years due tonputs Voltage source invertded PMSMs are
its suitability for many applicationslike in most preferred for variable speed drive applications
automotive, mechatronics, green energy Which used withPulse Width Modulation (PWM)
applications, and machine drives, PM motor drivetechniqueto drive themotors.
are classified them into two types such as . .
pemanent magnet synchronous motor drive£ 1D controller for speed control with graphical

(PMSM) and brushless dc motor (BDCM) drives@nalysis was made. The main objective of this
[1]. research paper is to develop the multi Bjized

controller for PMSM usingclassicalmaster/ slave
PMSM has numerous advantages over othé@pproach. Rise time, settling time, overshoot and
machines that are conventionally used for ac serwieadystate error analyses of controlléos master
drives. PMSM drives are widely used for high and slaves motors aobtained and¢ompared.
performance servo applicatiodie robotics and . .
aerospace actuators since no external excitation is !l M odeling of PMSM Drives /stem
given to rotortherefore thdosses are reduced and A PMSM drive
make PMSM highly efficient. Also absence of rotor, mponents such as PMSM, inverter, and PID

winding renders slip rings and brushes obsolete ang,\«.olier. The components are connectedhasva
thus reduces maintenance cogt [2 in Fig.1

system includes different

S

This paper obtains mathematical model of PMS f 1 Vg Voltage source
and @hieves simulation of the model obtained in " PID Controllr inverter L ve
Matlab/Simulink programPID controller has been ] \

N

comparedeedback speed of each AC motdth its N
reference spee producean "error" valuevhich is
the dfference between a measungacess variable Fig.1 Block diagram of PID controlled PMSM
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A. Dynamic Model of PMSM the condition that the harmoniltageis as small

] _ as possible. Consider the equivalent circuit of
The mathematical model of the PMSM is generall)éystem inverter motor as Fig. 2.

presented in a rotatinga@l frame fixed to the rotor.

The resulting model is described by the following _ J o l J
equations: A 1A 14
V, =R, +L, D | dicimd s I
= - r 1 L L L R
ds ds d ddt q gs ( ) o_tT A o_tT B o_tT C T Vde
| A A A
_ . qs : 2 72 | 74 [ 76 |
Ve = Rjig+L, " +w (Lyi Y ) (2) —T— _ﬁ‘ —T—
3 . .
Te _Ep(ydslqs_yqslds) (3) PMSM
J dWm =T-T -bw (@) Fig.2 Invertermotor equivalent circuit.
e L m
Where: The motor phase voltage will have the expression
yds - Ld?ids +y (5) Vao(t) = Van(t ) - Von(t)
yqs - qulqs (6) Vbo(t) = Vbn(t ) - Von(t) (8)

where(as, qsQVds, Vgs, iasand s are respectiyely V. (1)= V_(t)-V (1)
the motor fluxes, voltages and currents imgd ©° en on
coor d i msahe elecyicalangular speed a_ngd TBeing a star conn(aajaé then at ev%ry timef ipstant |
I's the electromagnetic théfgllbv\ﬁnﬁl%lation sdtistied.! N°€ ux o
permanent magnefdenoted bypm in simulink V +V 4V =0 )
mode), P is the number of pole iR, are the stator “ao = "po = “co

resistances and the stator inductance can be dividdwen the null voltage is derived as:

into two different componentsqland Lg due to the (V +V +V )

particularities of the PMSMJ is the inertia of the \, —_an bn en (10
motor, T_ is the load torque, b is the friction °"

coe f f i ci @ isthe naenhdnidaangular speed If consider a pulsefor each inverter leg (Sa, Sb,

[3-6]. Sc), the inverter's leg voltage can be found as:
The dynamic ey modeling is used for the study of vV, =V .S
PMSM. It is done by converting the three phase\‘/ de (11

voltages to dgo variables by using Park bn:Vdc'Sb

transformation. Converting the phase voltaged/, =V .S

variables Mpc t0 Vdgo Variables in rotor reference ¢ the above voltage the phase voltage can be
frame the following equations are obtairjét found as the following:

?lqg Zécosqr cos(g, - 120) cos(q, +120)@/a? 7V, :Vdc.(Sa -(S +S +S )/3)
3 dl\1=—€‘sinqr sin(g, - 120) sin(g, +120)UE,}\/bl;l a b ¢
e'U 3¢ e Pu V =V .(s-(s+s+3)/3)
eVO u 05 05 05 lb\/c u b dc b a b c (12)
= - + +
B. Voltage Source Inverter Model Ve Vdc'(SC (Sa Sb SC )/3)

Pulse width modulation (PWM) technique is used toThe structure of the inverter silink model is
resented later|8

generate the required voltage to feed the motoP
This method is increasingly uséat AC drives with
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C. PID Controller Modeling

A PID controller involves three termsthe
proportional term designated as K the integral
term designated asifs, and the derivative term
designated as SKIn the PID speed controller the
motor speed is compared with the reference speec
and the output of the speedntroller gives to the
motor [9.

Il. Master -Slave Control Method

In this paperthe maste(slaveor slave$ control is
applied in synchronous controller of doulieen
triple PMSMs. In double motormethod one motor
is chosen as the master maqtdine output speed of
the mastr motor will be the reference value of the

Nz W % N
W ‘—
s Ie y I
(Typrics shfreo g3 —
Vie ids bl
L
el
s igs b
3-phase inverter Sty —
T plthetar
pm thefa
abeldy system m

slave motor, the slave motor followasy change in
the motion of the master motbut not the opposite
The simple structure of this owol method is
shown inFig.3[10].

+

Master
» Iy

Controller

motar

Slave

Controller *

tmotar

Fig.3 Simple sucture of masteslave catrol
method

I1l. PMSM Drive Circuit Simulation Model

The implemented simulink model of PMSM with
drive circuit using Matlab/Simink software is
shown in Fig.4, this circuit contains three major
blocks: PMSM circuit block, abc to dq
transformation systemblock, and three phase
inverter circuit block.The PMSM model described
through equations (1) to6) is implementedas
shown in Figs. Theimplemented simlink model
of abc to dq systenblock is constructed using
equation {) as shown in Fig. 6. The sinmok model
of the 3phase invertecircuit block using equations
(12) is shown inFig.7.
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Fig.4 Implemented simulink model of PMSM drive

circuit.
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Fig.8 Simulink model of PMSM with PID
contoller
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Fig.6 Simulink model of abc2dq system block.
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Fig.9 Simulink model of PID controller block.

(D V. PID Controller of Master/Slave PMSM
Vile/3 Simulation Model

Fig.7 Simulink model of ®hase inverter block. Figure10 shows the Matlab/Simulink model of two
PMSM. One motor is the masterchather motor is
IV. PID Based Controller for PMSM

: the slave.
The reference speedidNcompared with the rotor
speed No producethe speed eor. The speedreor VI. Simulink Model of PID Control of Multi
signal is processed though PID controller to yield PMSM
the motor input voltage. The appropriate values of

the parameters KKi, and K; of the PID controller In Fig.11, three PMSM (first motor is themaster
have been chosen by trial and error method. Aand othersareslaves) are shown. These motors are

complete PID speed control based $Mi drive drives by separate inverters. The master motor is the
circuit is shown inFig.8. The simulink model of reference motor to whictone or more of slave

PID controller block is shown ifig.9. motors are synchronized.
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VII. Simulation Results

To demonstratethe possibilities of the rpposed
model of the PIDcontrol of multi permanent
magnet synchronousnotors, a setof tests has been
performed.

Figures (2-16) show the output of inverter
PMSM speed, electromagnetictorque and 4

stator currents without applied load anéID
controller.
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Fig.13 PMSM speed without PID controller
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Fig.16 PMSM ¢ axiscurrent

Figs.(1721) show the output of inverter , P3M
speed electromagnetitorque andy-axisand daxis
components ofstaor current with step change
applied load from 0 to7Nm at 4sec.andwithout
PID controller.
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Figs.(22-25) which show the speed, torque-axis
and daxiscomponents of stator currer@sponse of
the PMSM without applied sudden loaghen using
PID controller andvoltage source inverter The
controller gains used are p¥0.08 K;=1.2 and
Kq¢=1.1 Its can be showfrom speed curvethat the
trarsient is omitted and the starting improved by
using closed loop PID controller.

350!

3 35 4 4.5 5

300

N
a
=]

N
=]
=]

Speed(r.p.m)
[
o
o

=
o
=]

a
=3

=]

0.5 1 15 2 25

Time(sec)

Fig.22 PMSM Speed with PID controller

3.5 4 4.5 5

~
=)

o
=]

o
=]

W »
S

=]

Toraue(Nm)

N
o

0.5 1 15 2 25

Time(sec)

Fig.23PMSM Torque

3 35 4 4.5 5

189

70,

60

50

40

30

ia(Amp)

20

10

»100

0.5 1 15 2 35 4 45 5

25
Time(sec)
Fig.24 PMSM g axiscurrent

20

15

10

id(Amp)

r

0.5 1 15 2 25

Time(sec)

Fig.25PMSM d axiscurrent

The PMSM speed,torque ¢-axis and daxis
stator currentcomponentswaveforms computer
simulation results with load torqg@Nm appliedat
t =0.5sec are shown in Fgf26-29) for the PD
controller which prove that the proposed systzm
producevery goodperformance.
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Figs.(30&31) show the speed and torque
responsg of two (master/slave PMSMs without
sudden load @plication Fromthesefigures, it can

35 4 4.5

be seen that the motors (master/slave) reach final s

speed at the same val®00 RPMbecause the

g o
slave motor speed has to follow the speed of the
-50|

master motor. The controller gains usddr
controlling two PMSMsare K-=0.1, K;=1 and
Kg¢=2.2 for master motoandKp=5, K;=9 andKg=2
for slave motor
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Figs.(32&33 show thespeedand torqueof two
(master/slave PMSMs At the time of starting
mastermotor running at no load with zero load
torque so it is callg no load operation but at2sec
step changed in load from no lo@Nm to a torque
of 10Nm is applied on master motoFrom these
figures, it can be seen that the slave mdtarcked
any change in master motor speed due to load
change.

350

300

3200

@)

250

= 300

o
(=3

o

Speed(r.p.m)
= = N
[52)

o

Speed(;

2800
¢

o
(=3

— Master 2600

1. 2
— Slavel Time(sec)

3]
o

2.2

o

-50

0.5 1 15 2 2.5 3

Time(sec)

Fig.32 Speed of multPMSMswith applied load
onthe mastemotor only.
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Fig.33 Torqueof multi PMSMswith applied load
onthe mastemotor.
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Figs(34&35) show the speed and  torque
waveformsof two (master/slavePMSMs with8Nm
sudden load applied omastermotor at4sec and
another 22Nm sudden load applied on slave motor
at 3sec From fig23, it can be seen that the slave
motor speed recouped itsnitial speed (master
motor speed) with a short period of time
(approximately (@05sec) when sudden load
application or removdtom slave motar



Irag J. Electrical and Electronic Engineering
Vol.11 No.2, 2015

0Cci®™HRASBPERAR B RSB *

2015 i2 ©2iRle 22 &

4.5secjt is clear thaslavesmotors reach thefinal

speedwith the load applicatiomafter very short
periods becausthe slave motorsollow the speed
of the master motorThe parameters for BI

controller ofmaster ar&p=0.07, K;=0.8,andKq=2,

for slavel areKp=5, K;=8,andKq=7,and finally for
slave2 ar&Kp=0.8 K|=13 andK¢=3.
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% Figs.38&39) present speed and torque
60 characteristics of PID control of three
£ 4 — Master (master/slaves) PMSMsvith suddenload 7Nm
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