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Abstraqt—The _Permanent  Magnet _&mchronous ‘Motors  Permanent magnet synchronous motor control systaimiyn
(PMSM) is extensively used in low and mid power applications  consists of two parts, the main drive circuit ahd tontrol
such asrobotics, adjustable speed drives, electric vehiclesand also  cjrcyit. The main drive circuit topology remainsstally
in industrial automation. The MRAS is based on the comparison unchanged, while the study of the control systecuses on

of the outputs of two estimators. The first is independent of the S . .
observed variable named as modd reference. The second is the the control circuit and control strategies. Thestarction of

adjustableone. Theerror between the two modelsfeed an adaptive € PMSM results in a magnetic field fixed to thaor
mechanism to turn out the observed variable. This paper presents ~ POsition. Since such machines are not capable retcty
a detailed modeling of PMSM and a novel space vector pulse  starting from the mains, excitation by voltage selinverters
width modulation (SYPWM) based control of permanent magnet  (VSI) controlled by field orientation is requireldecent days
synchronous motor (PMSM) drive by using a Model Reference  the space vector pulse width modulation and fuzmyicl
Adaptive System (MRAS) for eﬁimating rotor position angleand  pased control of PMSM drives is becoming populdr [
speed based on a stator current estimator. The threephase, o proposed control of PMSM, the model referentaptive
two-level voltage source inverter (VSI) has a quite simple design . . . .
and generates a low-frequency output voltage with controlled s_ystem (MRA_S) is used fo_r the 0n||n_e _estlmatl_onfluf(
amplitude and frequency by programming gating pulses at  linkage variations. The estimated variation of flisxthen
high-frequency. The whole drive system is simulated in Processed to obtain certain PMSM model parameteesa
Matlab/Simulink based on the mathematical modeling of the These values are then used as parameters of bloick s
system and the results are presented. designed for the reference signal shaping. Howetres,
approach does not ensure the accuracy of decoupBoth,
Index Terms— SVPWM, PI controller, PMSM, model  the decoupling accuracy and the reference sigragisb are
reference adaptive system (MRAS), mathematical modeling,  esentediin [7]. In several cases the MRAS basthators
MATLAB, About four key words or phrasesin alphabetical order, . ..
separated by commas, for motor mechanical parameters are used as desdciib
[8,9]. In order to control the speed of PMSM seletased
| INTRODUCTION loop speed loop control systems such as sensartegsol
i [10] and direct torque control [11] schemes areilfam In
In the earlier years permanent magnet synchrona®rm i naner a novel space vector pulse width moduldtased
(PMSM) has become more attention because of piepertconirol of PMSM drive using MRAS is presented byngs
such as high efficiency, high torque, high powemak \ATLAB/SIMULINK.
volume and accurate speed control. These permarsgriet
synch_ronqus motors are used in the appl_icationls ascin I.MODELING OF PMSM
chemical industry, texturing plants, glass industrgnsport
systems, electrical household appliances, ship nesgi
robotic automation, and escalators. Various spesdral
methods like V/f control, field oriented control carlirect
torque control are the most for the speed confrpeananent
magnet synchronous motors[1]. The development of
two-axis circuit model for a permanent magnet symcbus
motor (PMSM) by taking machine magnetic paramet
variations and core loss into account was descringd,3].
The detailed modeling of a permanent magnet symciu® N,
motor is described and presented in [4, 5]. Thdcalp rame as shown in Fig.1.
construction of a PMSM consists of a three phaagoist hosin
winding and a solid iron rotor with permanent magne iy
attached to its surface or inserted into the rdiody. A
permanent magnet synchronous motor (PMSM) is a moto stator
that uses permanent magnet to produce the air ggpetic
field rather than using electromagnets.

The detailed modeling of PMSM drive system is regghifor
proper simulation of the system. The dynamic moalel
PMSM without damper winding has been developedotor r
reference frame using the following assumptions:
1) Saturation is neglected.
2) The prompted EMF is sinusoidal.
o3) [Eddy currents and hysteresis losses are nelgligi
4) The field current dynamics are neglected.

The d-g model has been developed on rotor reference
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The voltage equations of the PMSM with referenceotor
reference frame is

Vg = Rgig + w Ag + pA

Vd = Rgig —wAq + pAyg

The flux Linkages equations are given by
Aq = Lqiq

Ag = Lgig +Ag

Substituting equgations3 and 4 in 1 and 2 we hawedltage
equations as,

Vg = Rgig + @, (Lgig + A¢) + plyig
Vd = RSid -

The voltage equations are represented in matrir s

)| il

The developed torque of PMSM is being given by

Te = %(%](Adiq - /]qid)

The mechanical Torque equation is
dw,,

dt
The rotor mechanical speed form from above equadion

W, Lgiqg+ plyig + A5

w, Liy
Rs + pl-d

W, A¢
PA ¢

R + ol
- L,

|

T.=T, +Bw, +J

w. = J'[TG—T,:]_Ba)m jdt
_ 2
Wy = W, F

Where & -is the rotor electrical speed.

Gy, -is the rotor mechanical speed

lll. SPACE VECTOR PULSE WIDTH MODULATION

In recent years VSI is widely used to generate ph&se
variable frequency and variable voltage ac supgiyired for
variable speed AC drives. The ac voltage is defimgdwo
characteristics, namely amplitude and frequencyicdeit is
essential to work out an algorithm that permitstadrover
both of these quantities. PWM controls the averaggput
voltage over a sufficiently small period called gding

V3 (010) V,(110)

V7 (111) V1 (100)
V4 (Q11) >
V,(000) 1
V5(001) Ve (101)

Fig.2. Possible voltage space vectors and seatatifatation

The reference voltage space vectdf,g ) represents the

desired value of the fundamental components forothtput
phase voltages. In the space vector approgghcan be

constructed in an average manner. The referendageol
vector (Vg ) is sampled at equal intervals of tinig,

referred to as sampling time period. The possiliktage
vectors that can be produced by the inverter apéiexpfor
different time durations within a sampling time ipér such
that the average vector produced overThds equal t&/,¢f ,

both in magnitude and angle. It has been estadlifiat the
vectors to be used to generate any sample aretberaltage
vectors and the two active voltage vectors formthg
boundary of the sector in which the sample lies.

IV.MODEL REFERENCE ADAPTIVE SYSTEM (MRAS)

A block diagram of the proposed MRAS- based PMSMrro
speed estimator is shown in Fig.3.The reference einod
calculates instantaneous reactive power) Qand the
adjustable model computes steady-state reactivempEl).
The instantaneous and steady state reactive power a
compared to form the error signal. The error sigaghen
passed through an adaptation mechanism to estinetetor
speed. The estimated rotor speed based on the tatiopus
used to tune the adaptable model until the twateapowers
(Qref and Q) become identical. The proposed Model

period or subcycle, by producing pulses of variapleference adaptive System, continuous monitoringpefed

duty-cycle. The three-phase, two-level voltage seumverter
(VSI) has a simple structure and generates a legufency
output voltage with controllable amplitude and freqcy by
programming high-frequency gating pulses. In th& \there
are a total of 8 states Y)nThe \, to Vg vectors are known as
active voltage vectors and the remaining two vectare
known as zero voltage vectors. The three-phaselgwa, six
pulse voltage source inverter (VSI), there arergr-zero
active voltage space vectors and two zero voltgupces
vectors as shown in Fig.2. The six active voltagacse
vectors can be represented as

2Vdc exp[j (k - 1)%]

kzg

\Y k=12,...,6
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error signal and reactive power error ignal is fesgl
otherwise positive feed-back may take place andsyiséem
may become unstable.
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V. PROPOSED CONVENTIONAL SVPWM ALGORITHM BASED PMSM DRE

The block diagram of space vector pulse width matilnh ~ 2-phase stationary elements. The transformed stago
control of permanent magnet synchronous motor (PMSMlements are passed to MRAS after converting theno i
drive based on model reference adaptive system (®)Ré\ rotating elements. The estimated speed of MRAS eoeyp
shown in Fig.4. The phase currents are sensedtfrermotor with the reference speed of input and uses fromgpeed as
through the closed loop control and are then tanséd to the real speed of machine.
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Fig.4. Block diagram of SVPWM based Permanent Ma§yachronous Motor Drive using MRAS

The MRAS principle is based on the comparison @& th El
outputs of two estimators. The first is independehthe
observed variable named as model reference. Tlendés nf
the adjustable one. The error between the two reddel an
adaptive mechanism to turn out the observed variabhe 1nf
error signals are passed through the controlledetermine

the PWM pulses for the 3-phase inverter throughsitece 3
vector control algorithm.

VI. SIMULATION RESULTS:

In this paper, a model reference adaptive systeRAS) for anf

control of space vector pulse width modulation baRBEISM

drive scheme has been implemented by using a e
MATLAB/SIMULINK. The three phase currents, direatca S
quadrature axis currents and voltages are shown Fig.5. Fig.5.The three phase currents of PMSM Drive

to Fig.9. The Transformed direct and quadrature atator
voltages from three phase voltages is shown inlBigThe
rotor angle and corresponding rotor speed of PM$&Meds
shown from Fig.11. to Fig.12. According to this troh
approach the reference voltage vector is synthesizth the
space vector modulation algorithm. The speed esfahe
proposed drive system and resultant electromagiaiiie
of a PMSM drive is shown in Fig.13 and Fig.14 resipely.
The space vector modulation algorithm has lowemboaic

25

20

current and consequently lower torque ripple. Tireigation "EU

results were satisfactory in terms of estimatiomorsy 20

robustness of the PMSM drive for different opemtin B hm o1 0 02 E 03 & 1 04
conditions.

Fig.6. Direct axis stator current of PMSM drive
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Fig.7.Quadrature axis stator current of PMSM drive
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Fig.10. Transformed direct and quadrature axi®stat
voltages from three phase voltages
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Fig.8 Direct axis stator voltage of PMSM drive
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3 Fig.11. Rotor angle of PMSM drive
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Fig.9. Quadrature axis stator voltage of PMSM drive Fig.12. Rotor speed in rpm of PMSM drive
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Fig.13. Speed error of PMSM drive
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Fig.14. Electromagnetic torque of PMSM drive

VII. CONCLUSION

The whole drive system is simulated by the use of
Matlab/Simulink. Starting with the motor equatioasnodel
for the PMSM has been developed in Simulink, ad ael
models for the SVPWM signal generator, 2-level ntee Pl
controller, Park transformations and MRAS. The lssaf
the simulation show the good response of the muadhein
tracking a command speed. The simulation resulige ha
proved that the proposed space vector pulse widttutation
based control of a permanent magnet synchronousrmot
drive has a good performance for the torque, spaatl
position control of PMSM using MRAS. The resultsaibed
shows that SVPWM control strategy based on MRAS
approach can be applied successfully for PMSMedriwith
low cost.
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