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Ab.\‘ﬁ"ﬂ'l’.‘(-'['h_\'ri.\ilum are now widely used in nary power clectranics and moetors drives applications. Thls s due 1o
their several advantages such as relutlvely small gize, low losses, market availability, and low cost, In this paper. a stator
voltuge conirol of three-phase induction motor by wsing thyristors b analyzed and simulated in detalls. The stulor viltage
has been contrelled hy phase angle contrdl of three-phase supply. The effect of harmwnic distortlon in the Hhe volage und
current have been studied and shown, ‘Che study cevenls thai, this method is sottabie for applcations requirtng a low
turyue and low speeds. The power factor, cfficiency and lorque capabllity of the motor drop dramatlcally for lower
virltages. Fidng requircments and Umlts of control have alse been studied. Recent PSIM6.T pragram bas been used to
simulate (e while systein. The simuiation results From PSIMG.1 have been found §n correlation with their counderpart
leom MATLAN 7.
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I LwEroneToN

In the last decades, the production of power
clectromes swilches has been plentilnl and diverse.
Same of these swilches are (hynstors, G,
tiboplar power transistors, MOSEFETs, 1GB3 1™ and
MCTs [1.2]. Even wath Uwese devices, 1he basic
Ihymistor sl conshlules a robust, ssmple and
ceonouncatl device that has many  applications
Thyristors are widely used for control of power in
hoth AC and DU svstems, This s duc to their
several advantages sach as relatively small size, low
lovses and (st switehing  Apart from many olher
uses. such a controller is vsed (0 control the thyee-
phase AC power i induction heating, light control,
reactive power control and siarting as well as speed
contral ol AC molors
Three phinze AC valluze controller has been uscd
with  R-L lead {12} flor various  <circuit
conligurations. 1lus technigue can be madificd to
be used with nduction melor by reducing the
cquivalent cirenit of induction moior lo be just £
and £ ]3] Three-phase AC voltage controlicr used
with three-phase mduction motor is shown jn Fig.1.
Using of Three phase AC voltage coulro! in speed
control ol induction moter has disadvantages such
a3 low clliciency due to cxtra e rolor copper

losses, Although it has these dwsadvantages, bul
generally, this scheme has somc advantages on
olher aspeets, melwling fow cost in installation, case
1o maintain o reliable which make this scheme
popular option in industry. This scheme has been
uscd inwnany indusirial applications as in drive an
averhear traveling crane, an elevalor speeg control

system 5] and starling and stopping mecans for
mduction inolor |4-7]

In reference |4] a signai from the rotor vollage
aitd current are vsed Lo control the speed and lorque
respechively, But the main disadvantage ol this
technique is not applicable for squimel cage
nduction motor. woreover the control ol currenl
withoul any reference lo the power factor leads o a
rathcr nonlincar torguefspeed  characlenstie, I
relerence [5] a tachomeler generafor conmecled to
three-phase  squirrel-cage  nduction motor 1o
generale a speed signal representing the actual spoed
of the induction molor (o compare il with commangd
speed signal lo produce a suitable finng signal. In
relerence |6 and {7} the three phase AC coulroller
wilh cycle skippimg melhaed (o control, slarl, and
stop the three-phase induction molor.

i1 Svs1eEM MonhiinG

Many rescarches anadyzed the three-phase AC
conlrotler under induciion motor Jopd to obiain
nutthematwal and  programmable leom lor e
vanalion of torque, speed and Tine currents along
with firing angle A detailed analysis for induction
machine by vsing reference frame theory has heen
carricd oul in [8,9] to oblain the variation of the
lorque and cwrrents with the vanalion of input
voltage. This technique has been used for smgle
requency balance three-phase supply but 11 can be
cxtended  lo deal wilth  vanable  frequency,
unbalanced three-phase supply, This technique does
uol deal with the vanation ol the molor performance
as the harmonic dislorlion in phuse vollages.

In this rescarch modcling of induction mator huas
been carried onl by reducing its equivalent circuit o
be R-4 load. ‘Then, MATLAIS program has been
uscxl Lo oblain all perionmance parameters in lenns
of its liring angle. A modern computer simulation
program (PSIMG 1]10]) has been used 1o validatc
the MATLAL simulation resulis,
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From intensive simulation results, the firing angic
ranges for the threc modes of operation have been
oblained and summarized as shown in Tablc(l). It 18
clear that thc mode 2/3 has ncar sinusowdal current
waveform.

Table(1) Modes of operations of 1he conlrol sysiems.

Fig.t Thice-phase AC volinge controller fur 3-ph induction molor,
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The simphified cguivalent cirevit of an induction motor
is as shown wm Fig.2. The total impedance can be
cxpress as shown in (1}, This equation can be reduced
to be just K and L clements in terms of slip as shown
1 (2) and {3) respectively.
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Once the tefal impedance of the motor is found, it
could be represented by a three-phase control circuit as
shown m Fig.3, Aflcr that the analysis shown in [1,3]
has been used to determune the supply current and all
other performance paramcters n the induction motor
by using MATLAB compuler program.

The analysis and operations of the three phase
voltage contraller under induction motor toad depends
on the relative values of firing and phasc angles. These
different values will make the system works in
different modes of opcerations, namcly, mode 2/3,
mode 0/2/3 or mode 0/2 |1]. Fig.d4 shows the three-
phase supply currcnt for different modes of gperations,

Modc Limits
0/2 O<a<h-—x/3
0/2/3 h-a/3sa<d
2/3 O, <a<®+xri]
0/3/2 M+g/3<asiall
N 0/2 2/3<asinl6 |

Where. &« s the firing angle,

@ : The motor power factor angle or, the phase angle
of the impcdance (ic. is the phasc-angle difference
between the phasc voltage and the phase current).

®,: Anglc of the input current of the motor under
sinusoidal supply current (i.c. it is corresponding to the
time between a voltage zero crossing and the instant at
which the current fundamental component first reaches
zero foltowing voltage zero crossing.).

Fig.3 3-ph induction moter wile conteeller representod as K-1, Towd.

A N i // S
Fig.4 Three-phasc cucrents for diflerent modes ol operations,

B. PSIM Computer Simulation
The simulation of three-phase phasc angle controller
under thrce-phasc induction motor lpad has been
carricd out by using PSIM6.1 computer program.
[ntensive simulation has been camcd out for different
modcs of operations to determine the operating limits
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of this svstem The nameplate motor data uscd n this
simulation is shown beclow:
1 kW. 220/3%0 V, star conncction, 3.0A. 4 poles,
1800rpm. 60 Hz, K =00583pu, R, =00417pu,
N, =0123pu. X, =00)8 pu.and A, =105 pu.

L SIMULATION RESUITS
The simulation has been carnied out ender throe cascs
of operations The first case is constant torgue variable
firing angle (sce Fig.S to Fig.10) whilc the second casc
is constant firing angle variable speed (see Fig 11 to
Fig.13) while the third casc is constant firing angle
vanable lorque {scc Fig 16 to Fig.19).
£ Case £ Fhe vanation of phase vollage with Liring
angle for different valucs of torque 1s shown in Figs,
It 15 clear that the phasc voltage is approximately himear
onh e the regron of mede 2/3 where the phasc voltage
mverscly proportional to the firing angle for all values
of torque. The vanation of speed with fining angle for
different values of torque is shown in Fig.6. This curve
reveals that the speed inverscly proportional to the
firing angle for mode 2/3 and dircetly proportional in
amy other mode of operations. So, the speed control
svatem has to identify the mode of operation to send a
correet value of firfing angle to switches otherwise the
system will get out of control

The variation of power factor with fining angle for
diiferent valucs of larque is shown in Fig.7. 11 1s clear
that the power factor mverscly proportional to firing
angle in no lead for all modes of operations. But. at
high loads the power factor inversely proportional 1o
the firnng angle only 1 2/3 mode and dircctly
proportional in any othcer modce of operations.

The varialion of power faclor angle (<} with firing
angle for different values of torque is shown in Fig 8.
It 1s clear 1hat the limits shown in Table(l) agree with
the curves shown in this figurc. The variation of THD
with firing angle for different valucs of torque is
shown m Tig.9 Tt 1s clear that the THD is tow and
dircel proportional Lo firing angle only in mode 2/3 In
any other mode of operation cxeept the regions acar to
mode 2/3 the THD is very high duc to the distortion in
line currents The high THD in line currents reduces
the efficiency of the motor duc to iron and cepper
losses  associaled  with  the  corrent harmonics
components as shown i Fig (.
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2) Case 2: In this casc, threc diffcrent values of
firing angle have been used. These vatues are 90°, 70°

and 50 respectively. The speed has been used as
independent variable and changed from (.25 pu to tpu.

The wvanation of phasc voltage with speed for
different valucs of firing anglc 1s shown in Fig.11. [t is
clear that the motor works mainly in the mode 2/3 for
any firing angle cxcept near to synchronous speed it
gocs to mode (H2/3. Phasec voltage is inverscly
propertional to specd al low specd and is directly
proportional {0 spced near to symchronaus speed.
Phase voltage is high for low firing anglc and visa
¥Crsa.

The variation of torque with speed for diffcrent
valucs of firing angle is shown in Fig.12. The motor
torque is directly proportional to speed at low speed
and inverscly proportional to  speed near 1o
synchronous speed. it is clear that the maximum torque
increascs with decrcasing the firing angle valucs.

The variation of power factor with speed for
different values of firing angle is shown in Fig.13. The
power factor is dircctly proportional to speed at [ow
speeds and inverscly proportional to speeds near to
synchronous speed.

The variation of THD with speed for different vailues
of firing anglc is shown in Fig. 14. The THD 1s dircctly
proportional to spced at low speed and inversely
proportional to speed near to synchronous specd.

The variation of cfficiency with speed for different
values of firing anglc is shown in Fig.15. 1t is clear that
the cfficicncy s approximately same in cach motor
speed for dfferent firing angle.
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Fig. 11 Phase vollage for dilTerent values of liring angle.



Mansoura Engineering Journal, (MEJ}, Vol. 31. No. 3, September 2006. E. 5

25 ' - 1 r 1 ' I
' ' g nn! |
- = _'IJi |
2 | 13 ﬁr_|| |
' |
35
o 1S . . X !
L= : ;,-'v-‘:‘"}'a"m. .:’r’-"’-\[-\\-
{ PRPRIEL Y . | ‘3?
W =7 !
3
o
5 1
=

82 o3 o0s o5 os or o8 o9 1

. Spee&, (PU)

— o
asspe b 23 ey
W=7 oo — 3 e
R 23 |

Fig 12 1w motor torque for dillferent values of (inng angle
0-8| P ; D e

0.?| |
06

[=]
o

Powaer Factor
o
o

03
! X
0 2i —— |
o | 0
! L
I AT Ju s S LS
2 03 04 05 08 07 08 09 1
Speed, {PU)
ns=sge M 2 - - . e S,{
w=70 23 o]
w=90" 213 - e e e ]

Uig 13 Power Tactor variation for different values of finng anglc.

35 - : : : : [ !

30!

e

B2 03704 05 T0s To7 08 ‘09 1

Speed, | PV )
astp o W ————————— gl
P [, P — ™
a=90r | 213 ]

Fig 14 The THID vanaton Tor dilterent values ol liring angle,

90,

80

Molar Effeciency (5h)
F:N g h 4
o =T

G
L]

e gn‘
;| — 0|

l Lt St]j

k3
=]

=]

82 03 o4 o0s 06 07 08 08 1
Speed, (PU)

=50 l-_ 23 T I‘Sﬁl

Wt b W3 il

n=00" | — 213
Fig. 15 The motor clliciency For dilerent values of limng angle.
3) Case 3: In this casc, three different valucs of

firing angle have been used. These valucs arc 907, 707

-

and 50° respectively. The torque has been uscd as
independent vaniable and changed from noload to Ipu.

The variation of pcak valuc of phase voitage with
torquc for different values of firing angle is shown in
Fig.16. it is clear that the motor works mainly in the
mode 0/2/3 at light loads and low valucs of firing
angles. The motor work goes toward mode 2/3 for high
loads and h for any firing anglc cxcept ncar to
synchronous speed it goes to mode 2/3 at high valucs
of torque and firing angles. It is alse clear that the
voltage decrcascs very fast with increasing load torque
especially at high valucs of firing angle.

Moter spoed is inverscly proportional lo the load
torque as shown in Fig.17. The speed decreases very
Fast with incrcasing load at high valucs of firing anglc.

Motor cfficicncy 1s directly proportional to the load
torque at Light loads and visa versa for high loads as
shown i Fig. 1§, it is clear that thc motor cfficiency
decreasc very fast with increasing load at high valucs
of firing anglc duc to increasing lasses associated with
high harmonics,

The variation of THD with torque for diffcrent
valucs of firing angle is shown in Fig 18 The THD is
inverscly proportional to torque at low torque and is
dircclly proportional at high loads when the motor
gocs to mode 2/3.

The varation of power factor with torque for
different values of finng angle is shown in Fig.19. The
powcer factor directly proportional to torque in mode
0/2/3 mode at low speed and inversely proportional to

specd near to synchronous speed.

IFig.20 shows (be Hmits of cach modes for diflerent motor speed
So, lo force the motor to work m 2/3 mode o work m good
elhciency and Jow T valucs, it ts requured Lo fellow 1he lkmits
of mode 2/3.
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i¥. CONCLUSIONS
This paper presents a modeling and simulation of (hree-
phasc AC wvollage controller for (hrec-phiase induction
motor. The simulation resullts rom PSIM6G.1 have been
found in carrcation with (heir counlerpart [rom MATLAB
7. The speed control of 1the induction motor is achicved by
conirotling the Ninng angle. The refation between the speed
of thc motor and the firing angle depends on the mmode of
aperation. So, the speed control sysicin has to identily 1he
modc of opcration (o send a correct value of ficing angle to
swilches otherwisc the system will get ol of conlrol.
Eflficiency and THD of ihe system depends on 1he mede of
operation of e systcm where their valucs arc goed around
mode 2/3. So, it is recommended ta force tlie motor (o work
in 1his mode of opcration and avoid others,
The control limits of this system exist over a wide range of
delay angle in light loads and visa versa. Simulation resulls
presenied in tlis paper demonstrale the simplicity of this
technique.
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