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control is suffered from complicated coupling naekr

Abstract— Voltage source inverter is widely used in many dynamic performance. This problem can be solvedidig

industrial applications such as robot, electric viele and machine
tool. The performance of the drive system depengmn the

method of control for converter and motor controlethod. From

the most performance method is a space vector puisdth

modulation technique. Here the field oriented contr of

permanent magnet synchronous motor with using spaeetor

modulation is used to controlling the inverter arichproving the

performance characteristics of the motor such agpeed, currents
and the electric torque by reducing their ripple$his occurs
through adding PI controller for flux and simple mael to track
the torque and speed when varying load is applied.the PI

controller, the d-axis flux is compared to rotor ppanent magnet
flux to solve the problem arises from non-sinusoldaf the

magnetic flux. The output of the PI controller isdaled to the
reference d-axis current. The new d-axis current wiktach the
best value of THD. The simple model is used to gate new q
axis torque current controller comes from lookup ke and

adding to reference q axis current controller to miwol the motor
speed. The effect of improvement can be seen thiotig torque
ripples, THD and motor speed. This work is simulatled matlab
simulink.

Index Terms—Matlab simulink, Pl, PMSM and SVM.

I. INTRODUCTION
In the past DC motors are used to get accuratedsest

dynamic response and high performance charactsristi 5.

nearer zero speed but these motors have drawnsbabkas

need regular maintenances due to presence of lsrasite

commutators. With development of power electroracsl
microcontroller, the DC motors are replaced with WGtors.

oriented control (FOC). PMSM with FOC emulates the
separately excited DC motor. In this method of munthe
stator current can be decupled into flux and torquent
components. They can be controlled separately.our f
guadrant with keeping magnetic circuit linear ampblging
the principles operation of the FOC, the lineaatieh can be
described the motor torque. The performance ofntiaéor
suffers from uncertainties, parameters variatianpnionics in
both motor and inverter. These problems affect moto
performance. To solve this problem, the machinégdesnd
control technique are used. The first method is plmated
and high cost so the other method is preferablg[Many
control techniques are used to solve this such as:
Space Vector Pulse Width Modulation (SVPWM) whigsh
some features such as, [4,5]
1. Its can able to adjust with the varying fundamknta

frequency to switching frequency ratio.
Its hardware implementation is very simple
It has lower base band harmonics than regular
PWM
4. Fifteen percent more output voltage than
conventional modulation.
More efficient use of dc supply and avoids
unnecessary switching.

Also some programs are used to cancelation thedracs
but these methods require full knowledge aboutnthehine
parameters. These methods become undesirable if the

whn

Here the PMSM is used this is because this moasr hoperating point changes [6-7]. The current conscheme

many advantages such as high torque to inertia, ratigh

with an adaptive internal model is proposed in many

torque to current ratio, high power factor, rotosdless and researches as [8]. Passive filter is used to redube ripples

high efficiency. The performance of these motofgIHS)
in drive systems depend upon the motor controlraathod

in [9] but higher circulating current arises betwditer and
inverter. Active filter is used to reducing thepies but this

of current control in power converter. From the mmosmethod is higher cost [10].

important methods to control the power convertercrrrent
and voltage controls. The current control is prehée. This is
because it is simple. The quality control of thigthod
depends upon the quality of the waveform is geerdréty
current controlled of converter. To get good powaveform

Proportional integrator controller (PI), it is thmost
common controllers used in a wide range in the stiihl
applications. The popularity of Pl control can ligilauted to
its simplicity. The integral controller has drawkeasuch as
saturation. This phenomenon can be avoided bydotiog a

this depends upon switching frequency of the PWMimiter to the integral part of the controller begaadding its

modulation method and current waveform. The metifod
motor control is very important in the drive systenhis is
because the operation of the PMSM under effectcafas
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output to the output of the proportional contrallEne output
of the Pl is used as the input of controlled vadtapurce
inverter which is fed to the motor for controllifig speed
[11-13]. Many researches used PI controller to owprthe
position and speed controllers this is becauséfatis the
performance of the drive system especially torquek speed
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variation such as motor parameters,
temperature variations. So In this study new propoal

disturbance and

M.
Space vector modulation technique is used to sinmigcthe

SPACE VECTOR M ODULATION

integrator  corrector controller are used to OptEMiZipree phase inverter in drive system. This carebe & Fig. 1.

conventional PI controllers with using space veqtatse
width modulation to control the inverter and simpiedel is
used to tracking the motor speed and motor torgjhe. Pl

controller is used to reduce the noise, distoréind ripple in
the stator currents and torque this can be domedugcing the
distortion in the stator flux. The estimated torgsieised to
track the motor torque and speed. This systenmisilated
through matlab simulink. The simulated model witbgosed
new PI controllers is compared with conventionaPS¥M to

investigate the advantages of the new proposedematiis
paper is organized as follows. Section | introduttiSection
I mathematical model of PMSM. Section Il SVM.d$ection
IV proposed field oriented control with SVM istieduced.
Section V for PI controller. Section VI is for sifation.

Section VIl is for conclusion.

Il. MATHEMATICAL MODEL OF PMSM
The mathematical model of a PMSM is similar to tbéat

wound rotor synchronous motor. The rotor winding ofon

synchronous motor is replaced with high resistipigymanent
magnet material, hence, induced current in therrate
negligible. The permanent magnets on the rotoslaaped in

It is consists of six switches that shape the duypltages.
When any upper switch is on, the lower switch ie #ame
arm is off so by known the upper switched casedtiput
voltage can be determined. The relation betweenirketo
line voltages and switching state can be calculfimu the
following relation

Vab 1 - 1 0 a
Vbc = Vdc O 1-1 b (9)
V.. -1 0 1){c

The relation between the phase voltages and swicttate
can be calculated from the following relation

Van 2 _1 - 1 a
Vio |7 1 2 -1)b (10)
Vcn _1 - 1 2 C
From Fig.1 it is found that, eight possible conimt state
off patterns) these pattern

(Vo,V1,V2,V3,V4,Vs,Ve,V7) are given in tablel.

From this table, the eight switching vector can be

represented as Fig.2. Each of these space vectdrgyi2

such a way as to produce sinusoidal back EMF itoista resulted from two adjacent vectors and any zeraovec

windings.
The following equations represent the model of PMSM
. d.
Va=rdatLaglom@d (2)
. d.
Vq:rs|q+an q_a)sAd' (2)
A= LdatAu (3)
A=Ldg (4)
d
‘]awm:Te_TL_ﬁwm' (5)
3P -
T.=5 A+ (L L)idi (6)
P
ge :E'[a)mdt (7)

Whereyy, -y, dq axis stator voltageg, -| . dq axis stator

current, - A, dq axis stator flux,] rotor permanent

magnet flux, |, - |_q dq stator axis inductance, _stator

. d . I .
resstance,a is derivative,T , electrical torqueT  load

torque, J moment of inertia, § frictional viscous,
(V,, Mechanical speedP number of poles andg,
electrical position.

With applying the field oriented contrgj, becomes zero so
the electrical torque becomes

3P, .
Te:7/1m| q (8)

A.

(Vo,V7).

Space vector pulse width modulation (SVPWM) can be

implemented in the following steps:

1. Calculatey,, v, V, and anglea

ref

2. Calculate the time duratio'r]\'l, T2 andTS

3. Calculate the switching time of each switches

(T1toT6)
Calculatingy/, . v/, . V,, and anglea

Depending upon Fig.3 tl\pa,vﬂ, V, and anglea can

be calculated as

Vref = \] Vj/ + VZ’ (11)
a= arctar{ﬁ] (12)
\

B. Calculating time duration] ., T, and T _

Depending upon Fig.3 to calculate the time duration
sectorl on the real and imaginary axes it is fahadt

I 1 I 1

——V1+_—V,C0s60=my . cos (13)
T. T, N

E (14)

T—stin 60=my . siny

S
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Fig.1. Power circuit inverter and PMSM

Voltage | Switching Line to neutra Line to line
vector on voltage: voltage:
Van Vbn VC” Vab Vbc Vca
Vo T1,T3,T5 0 0 0 0 0 0
V1 T2,T3,T5 | 2/3 | -1/3| -1/3 0 -1
Vo, T2,T4T5 | 1/3 | 1/3 | -2/3 1 -1
Vs T1,T47T5 |-1/3| 2/3| -1/3] -1| 1 0
-2/3| 13| 13| -1 O 1

V. T1,T4,T6

Vs | TL,T3,76 | -1/3| -13| 2/3| 0] -1 1

Vs T2,T3,T6 | 1/3 | -2/13| 1/3 1| -1 O

V7 T2,T4,T6 0 0 0 0| O 0

Table 1. modes of operations of three phase voltage
source inverter (the voltage in term ofy, )

ﬁ axis

Vs

Vs

Fig.2. Switching space vector and sector

ﬁ axis 1

Vref

Fig.3. voltage vector

From eq13 and eql4 it is found that;

leéstsin@O—a) (15)
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Tzzgm']'ssina (16)
To=T.~(T+T) an

WhereTszi, fS is switching frequency andis

f

S
modulation index
From that the switching time duration at any sector be
calculated as:

T1:§m'|'ssin(n’—;—a) (18)
T2=§stsin((n— 1)’—37—a) (19)

Where nis number of sector

C. Calculating the switching time of each switches
Table2 shows the switching time in inverter

IV. PROPOSEDFIELD ORIENTED CONTROL SVM

The conventional structure of the field orientedteol is

shown in Fig.4. The error in q axis current isaafced to Pl
current controller to produce g axis voltage refieeealso the
error in d axis current is delivered to Pl curreontroller to

produce d axis voltage reference. These voltages ar
transformed with help of electrical rotor positigrto two

dimensional voltages varying in time which usedj¢émerate
gating signals to drive the inverter through SVM. this

traditional control (FOC), the drive is influencely

uncertainties, electromagnetic interface, non-siis of

stator current and permanent magnet rotor fluXlafahem.

They reflect on the torque and current causing wteeh
problems such as ripple and noise. Pl speed ctertrghich

is used to generate the g-axis current isn't sefficto

overcome the noise and ripples in torque and cur8mthis
paper introduced modified structure controller mapiove
these problems.

The modified structure of the field oriented cohti®
shown in Fig5. In this structure, the modified aman be
seen in details in Figé and simple model is shawkig7.To
minimize the ripple and noise in the torque andmiing the
speed so simple estimated model is used; this nestietated
the load torque and deduced from that new g axieet
controller through lookup table which is addeddference q
axis current controller this new g axis currentasnparing to
measure g axis current and the error is used tergéng q
axis voltage through PI controller.

With this enhanced in the g-axis current compont,
distortion of the current doesn’t reach the bekte/al o reach
the best value another Pl controller is used. Tipatiof this
P1 controller arises from comparing the estimatexkid flux
with permanent magnet flux. The output of this Bhtecoller
is added to the reference d-axis current whicbrsed to zero
at constant flux region. This new d axes currembisipared
to actual d axis current and introduced to Pl ciler to
regulate d axis voltage .

The d axis voltage and q axis voltage are transdrwith
help of electrical rotor position into two dimens# voltages
varying in time which used to generate gating dgtadrive
the inverter through SVM.
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sector Upper switches Lower switches
(T1,T3,T5) (T2,T4,T6)
1
=T+ T+ 12 | 12= T
2 2
O L P A
Ts=Lo To=T +T,+L
2 2
2
=Tl el
2 2
raeT T Te | 1acTo
1 2 2 2
Ts= Lo Te=T+T,+L
2 2
3
=T ToLle | r2=7,em,0 Lo
T T
T3=T ,+—= T4=-"2
T2 2 2
_T )
T1-70 TG‘T1+—O
4
m=Te T2=T +T,+ L
2 2
=T Lo | rasy el
2 2
T5=T,+T +L T6=L
1 2 2 2
5
P PR A
T3=L T4=T1+T2+L
2 2
T5=T,+T +L T6=L
1 2 2 2
6
TI=T.+T +L TZ:L
1 2 2 2
T3=L T4=T1+T2+L
2 2
Ts=T,rle | Te=T,+ Lo

P1 controller is a type of feedback controller whias output
depending upon the error. This error is used tosadie input
of the other process. Two parameters are usedsigrdéhis

controller. These parameters are proportional gp(np ) and

Table 2. Switching time duration

V. PI CONTROLLER

integral gain (K, ). This controller can represent as

G(s):kp+

Proportional gain is used to improving the riseetiamd
integral gain which is used to eliminate the stestdye error.
These parameters can be deduced by many methddasuc

¢

S

trial and error, Ziegler-Nichols method and intérmadel of

control.

DC
dq Vs >
Y SVM nverter
aff = P
s
i do /77, |
[ D n
LA

abc ‘
J -

Fig.4. Conventional structure field oriented contrd

i

+ ; Aj v
@- m L. Modified dq Vs >
~A R block Aj SVM »Inverter
[ |E|l,; la -vd op V.
1 Tl{z I dq < L.
< l
i abc |
q 1 \/
d/dt [« 0. PMSM
Fig.5. Modified field oriented control
+ 8 A7
1, N
+ + La
i PO
a Simple
model eq.(3) o
—
] PM Inv 4/(3p)
lq ld
Tref
Fig.6. Modified block
P damict
Subsystem .
L
(e
0T >
Mechanical speed id igestimated
P Lookup table
PM flux ‘ logee
I

Simple moce!

Fig.7

. Simple model

The parameters of the Pl controller are determined
depending upon [15-16].
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VI. SIMULATION STUDY Figs.(12-13) show that the speed with conventiomadel and
Here conventional and modified models are comparadse the modified model approximately the same. .
comparisons are used to showing the effectivendss o!M Fig.15, the stator currents become smoother with
modified model on the motor speed responses, torgfdified model due to improvement in the dq-axesen
responses and THD in current. Table3 shows tfk@mponents. In conventional model (Fig.14), thetosta
improvement in the torque ripples and THD due te the current has some distortion due to noise and eleetignetic
simple model and PI controller. Table4 shows theomo interference.

parameters. During the simulations, the torquesalete is at "

rated. In all Figs the time axis is in seconds tuedfollowing Load t
imulated w6l __Load torque |
cases are simul: _ _ Motor torque
1. Motor starting with loading. b\ ]
2. Sudden applied load.
3. Dynamic load £ e |
Where it is found that, < 1o .
w
A. The first Case (starting with load) § 8| 1
In Figs (8-9), dq axes currents are simulated wit & ¢ i
conventional and modified model respectively. Ir )
conventional model (Fig8), the dq axes currenteehsame |
distorted. In modified model (Fig9), both g-axisrreunt 2 .
component and d-axis current component are enhanced 0 ‘ , , , , ,
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
25 i i i i i i Time in sec
__d-axis current . . ]
N ..g-axis current Fig.10. Torque with conventional method
20t 4
25
2 15 ] _IIT:I::atd ts:rque
c 2 a LViotor orque_
[} i1
z 1 A
= L\
3 e ] 2\ 1
o |
@ H
e |
Um g 10 |
— o
-50 U.IUQ U.I[]4 U.I[]Ei [].IUB 0.I1 0.I12 0.14 5 7
Time in sec
Fig.8. Idg-axis current with conventional method 0 ‘ s s . . .
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14
Time in sec
30 T T
__d-axis current Fig.11. Torque with modified method
2l ....q-axis current |
3 2 ‘ ' ' " __Mofor speed
20 \_\ 1 L~ Reference speed
£ 15¢ 1
[}
= - J
2 1o - 3
= w
O 3 i
5 1 ¢
=] 4
Q
0 -4
w -
-50 0.I02 U.I[]4 U.I[]Ei [].IUB 0.I1 0.I12 0.14
Time in sec 1
Fig.9. Idg-axis current with modified method . ‘ . . . . .
- . 0 002 004 006 008 01 012 014
The torque responses in Fig.11 showed that, tlygiéoripple Time in sec
is improved with modified model if it is compared the . _ .
conventional model (Fig.10). Fig.12. Speed with conventional method
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120

__Mdtor speéd
....Reference speed

Speed (Rad/sec)

-20

1 1 1 1
0 0.02 0.04 0.06 0.08

0.1 0.12 0.14
Time in sec
Fig.13. Speed with conventional method
20 T T T T T T
/".‘ __Stator current phase (a)
sk i ....Stator current phase (b) J
,:‘ fip -—-Stator current phase (c)
P 1 A
Tl
= 5g il
[%] I
= K
£ o/ !
2 !
o [
5 ¢f |
s b
P ol
1
A5
¥,
207 ! .

1 1 1 1
0.02 0.04 0.06 0.08
Time in sec

0.1 0.12 0.14

Fig.14. Stator current with conventional method

Stator currents in (A)

n '_Stator'current 'phase ('a)
i ....Stator current phase (b) 1
-—-Stator current phase (c)

5
10 :
i !
T ]
11
11
20ty 1
725 1 1 1 1 1 1
0 002 004 006 008 01 012 04

Time in sec

Fig.15. Stator current with modified method

B. The Second Case (sudden applied load)

Here the motor start without load, at 0.1 sec. snddad is
applied, at 0.25 the load is suddenly removed wliere

found that,

Fig. 16 shows the oscillation and distortion in tieaxes
currents with conventional method where found tigher
oscillations and distortions in both dgq axes curseghile in

modulation method the distortion and oscillationare

improved as shown in Fig.17.

__d-axis current
....q-axis current

< i !
£ & |.
[} H H
= H : [
S H H

O 4

-20 0.05 01 015 0.2 0.25 0.3 0.35
Time in sec
Fig.16. Idg-axis current with conventional method

d-axis current

Currents in (A)

....g-axis current 1

—

-2 L L L
0 0.05 0.1 015 02 02 03
Time in sec

0.35

Fig.17. Idg-axis current with modified method

The effect of applied and load removal can bee

geéigs

(18-19). In conventional method (Fig.18), the mdtwgue is
very increasing when suddenly load is applied aaxtehsed
when load is removed but in modified model whenltzel is
suddenly applied or removal the effect of this dam
neglected i.e. with modified model the motor torque

responses is improved (Fig.19).

14 . . . . ‘
__ Load torque
12 ....Motor torque
~ i !
E 8ft H
zZ ;
8 i
S H H
=3 i H H
S 4t i i
= H
\ i
2 \ ]
AN {
gyt !\/"
2 005 01 015 02 025 03 035

Time in sec

Fig.18. Torque with conventional method
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b _ Load torque
12l ....Motor torque |
P
g3 /
1

Torques (N.m)

0 x\w'" i‘ﬁ"“"—

-2 1 1
0 0.05 0.1

1
0.25 0.3

. .
015 02
Time in sec

0.35

Fig.19. Torque with modified method

The effect of simple model can be seen in Fig.2th wi

sudden applied or removal the load. The same effattbe
studied with conventional method (Fig. 20) wheris itound
that,

ISSN: 2347-6389, Volume-2 Issue-4, March 2015

adding PI current controller, the stator curremsdme less in
the total harmonics distortion if it is compared tioe
conventional model (Fig.22).

15 ‘ . . :
i __Stator cdrrent phase (a
™ —..Stator current phase (b
; .. -—-Stator current phase (c
i {T I TR _
10k - H =1 B
3 ik
= ikl
T il
£ | HEH
%) H Hilh
£ H et
& BEaTE
£ 0 A3 H
=] q ¥ E| H H
& E{EHE R e
= H HiH t H e
S Hi SHER I
© 5 HE I i
A b 1
@ | R
i HEH | H SEE
i ulE3 g ol : - L =0
*10‘5 '-'551"?;51" 15
i
15 I L L L L |
0.05 0.1 0.15 02 0.25 03 0.35
Time in sec

Fig.22. Stator current with conventional method

. . 15 T T T
Stator cdrrent phase (a
tht!e change in the motor speed can be seen Wmly \ —gpator current Ehase bj
load is applied or removal when compared to coneeat A Stator current phase (¢
. . 10 ;_.-i'};i tH BN HTH |
model which has higher effect on the motor speedttie ; Lo 8 ot S 6 e
: Attt :
same case. < i3 bR b
c S5y IR IR 1
—_ O EHEA 1 = : i
160 . . i) b i HERER e RE
—_Motor speed = i HHERE e e e
140r . Reference speed /\ = 0y E'.; FEE E Al ‘ ¥
c | HEH i diHHE R t
120} = I i ! AfH i
/-\ g -5 | : He i
T 100 1 ]
3 E Eé-' "I = H B L]
= '”’? 0 s S i (S R
3
o 60 15 L L L L L L
$ 0 0.05 01 015 02 0.25 0.3 0.35
& 0 Time in sec
2 Fig.23. Stator current with modified method
0
C. The Third Case (dynamic load)
20 . s s s . ‘
0 005 01 T“-i:ie n SU;C 025 03 03 Here the motor start with increasing load gradyally.1 sec.
the load reached full load, at 0.25 the load isdgadly
Fig.20. Speed with conventional method decreased at 0.35 sec. the load reached zero atidumis
without load at 0.4 sec.
140 " Wiotof speed” Oscillations in dg-axes currents with conventiomathod
ol .Reference speed can be seen in Fig.24. In modulated method thdlatsens
/\ . are improved (Fig.25).
100 v
E _dlaxis current
w 80 H ....g-axis current -
o H
[ &#
X 60 : ]
3 W iy %, 1
@ 40 = 3
20 I i
S 4
0 [S3 |
2 4
_200 0.05 01 015 02 0.25 0.3 0.35 0 f\ —
Time in sec
720 0.‘05 0.‘1 0.‘15 0.‘2 o_és 0!3 0.‘35 0.4

Fig.21. Speed with conventional method

Time in sec

In Fig.23, the stator currents become smoother with

modified method due to reduction of the noise i stator
flux and suppresses in electromagnetic interferei¢ith

11

Fig.24. Idg-axis current with conventional method
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120

' ' ' ‘ ‘ i " Motor speed ‘ ‘ ' '
—d-axis current —Reference speed N
1 0 ....q-axis current ] 100 N :
12 i _
d 80 .
= 10 / g ’g
g \ 5 0 1
£ 38 i J =]
£ e
g o i 3 N ]
3 . l 2
@ 20 B
2 E 4
0 ‘ i
2 . . . ‘ ‘ . . 20 . . . ‘ ‘ . .
0 0.05 01 015 0.2 0.25 0.3 0.35 04 0 0.05 01 015 0.2 0.25 0.3 0.35 04
Time in sec Time in sec
Fig.25. Idg-axis current with modified method Fig.28. Speed with conventional method
In Fig.26, the ripple torque is reduced with maatifimethods
if it is compared to conventional method (Fig. 8% occurs 140 ' ' ' Motor speed
due Fo less in the electromagnet mtgrface andoxgment in 0l “Reference speed
g-axis current component with modified model. [\
Fig.28 shows the motor speed with conventional ogth ook T e —
and Fig.29 shows the motor speed with modified oush ok
From these Figs. It found that; § 80k ]
The variation of the speed due to varying load ban “'g
neglected due to use the simple model where thiatioar of @ 6o0f ]
the motor speed with conventional method can not t 73
neglected. 2 40 l
®
14 T T 2[] _
__Load torque
12 % ....Motor torque - 0 ]
20 : '

1 1 Il Il 1
0 005 01 015 02 025 03 035 04
Time in sec

Fig.29. Speed with conventional method

Torques (N.m)

In Fig.31, the stator currents become smoother mitdified
method due to reduction of the noise in the stfitor and
suppresses in electromagnetic interference. WithingdPI
current controller, the stator currents become ilesise total
harmonics distortion if it is compared to the camienal

a
b
c

0 005 01 015 02 025 03 035 04 model (Fig.30).
Time in sec
Fig.26. Torque with conventional method 15 ' ' ' 'STAoF Current pnase

~..Stator current phase
_—Stator current phase

_I_'oad tof’que
12 ....Motor torque |

Stator currents in (A)
™
et T T T T e e
e
i g
T L
e

Torques (N.m)

D L S e T
—

R 1 1 I I 1
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

2 I I ! ! I
0 0.05 01 015 02 0.25 03 035 04

L Time in sec
Time in sec

Fig.27. Torque with modified method Fig.30. Stator current with conventional method
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Fig.31. Stator current with modified method

VII. CONCLUSION

This paper is addressed the dynamic performance

permanent magnet synchronous motor under effeéielof
oriented control with simple model and Pl contnoleth
using space vector pulse width modulation. SVPWkasle

Simple model to control the motor torque and meped is
proposed. Pl current controller is used to affeetinverter
switching frequency to reduce the ripples in thejte and
current. The stator current waveforms become smeooithe
results show that, the g-axis current becomes dmoathich
reflects on the motor torque to keep quit operafidre d-axis

current reduced to zero which reflects on totalrizaric
distortion in current. Simple model reduced frorfeef of

sudden applied load, removal load and dynamic load

motor speed and motor torque.

Motor control Torque THD in current
ripples

Conventional field 0.62 0.83

oriented control

Modified field 0.5 0.71

oriented control

Table 3. Effect of modified method on torque ripple and
THD in current.

Output power in Watts 900
Motor speed in R.P.M. 1000
Line to line voltages in volts 110
Rated torque N.M 8.59
Number of poles 10

Stator resistance in ohm 0.43

d axis stator inductance in Henry 0.00697
g axis stator inductance in Henry 0.00697
Permanent magnet flux in voltage.S/Rad  0.11
Moment of inertia N.m. § 0.001118

Table 4. Motor parameters
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