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ABSTRACT

This paper deals with double stage drive system of 3-phase induction motor. As 3-phase induction motor
consider as load thus its speed and torque at output shaft counts as performance parameter. One of these two
stages is to control over DC voltage use to fed in inverter set provide controlling over output shaft torque. A
feedback signal of torque generate error signal of PID controller which control output voltage level of phase
control rectifier. This controlled voltage isfed to inverter where another stage comesinto existence. Conversion
of 3to 2 phase of load current use as feedback signal for this stage of controlling. Another PID controller isuse
to control direct axis current of output supply of inverter. This 3-phase controlled output of inverter isfed to the
armature winding of 3-phase induction motor by which controlling over speed will achieve. Smulation result
will show the effect of this two stage controlling technique in the performance of 3-phase induction motor.

Keywords: T, (develop torque), E, (stator voltage), N_(Synchronous speed), N, (rotor speed), f_(stator supply
frequency), I, (direct axis current), I _(Indirect axis current).

1. INTRODUCTION

The poly-phase induction motor categorized as
sangly excited dternating machine. Whenba anced poly
phase supply isgiven to poly-phase stator winding,
constant amplituderotating m.m.f. waveis produced
inair-gap. Thism.m.f. causestheproduction of m.m.f.
waveinrotor circuit. Theinteraction of stator m.m.f.
and rotor m.m.f. developsasteady electromagnetic
torque. Since poly-phaseinduction motor havesmple
construction and have better operationd characterigtic
thereforeitsmost popularly usedin modernindustries,
invarioustraction gpplications. Asamotor poly-phase
inductionmotor alwaysfacesvariaioninload condition
and asorequiresvariousoperating speed tofulfill the
load requirement. In case when induction machine
worksasinduction generator inwind turbinesit a so
requires various speed range. In such amanner we

can say that speed control of Poly-phaseinduction
generator alwaysameatter of concern of anelectrica
engines.

The speed control isaeither manual or automatic
process based on power switches by which speed
of thedriveintentionally can bevaried up to desired
level quickly. Thefundamenta methodswhichareused
to control speed of three phaseinduction motorsare:
polechanging methods, stator voltage control, supply
frequency contral, rotor resistance control, and dip
energy recovery methods. In paper wearegoingto
discussaabout how, speed of three phaseinduction
motor can be controlled by using the stator voltage
control method. Thismethod statesthat the speed of
three phaseinduction motor can bevaried by varying
the supply voltage; from torque equation we seethat
thetorqueisdirectly proportional to the square of
supply voltageand thedlip at themaximumtorqueis
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independent of supply voltage. Thevariation of supply
voltage doesnot ater the synchronous speed. This
method of speed control is used to control speed
below the normal rated speed. In this paper control
schemeisemployed with the help of PID controller.
PID control isoften combined withlogic, sequential
functions, selectors, and simplefunction blocksto
build the complicated automation systems used for
energy production, trangportation, and manufacturing.

2. CONTROLLING METHODAND
TECHNIQUES

Theoveral controlling technique can bedivided
into two stages: (i) Rectifier stage control and (ii)
Inverter stage control. Inthefirst stageof controlling
thesingle phaseAC supply can berectified by aphase
controlled rectifier. Asby controlling the phase control
rectification of thiswave providerequire DC voltage.
Thesnglephasevoltage hasvaueof 215V 50Hz.By
observe abovetechnique we can concludethat output
voltage of rectifier will control torque produceinthe
3-phaseinduction motor. Thus, thistechniquewhich
control torquein 3-phaseinduction motor can also
condder astorquecontrolling stageof induction motor.

2.1 Torqgue controlling of 3-phase induction motor

Asweknow therelation between torque devel op
and voltage level of 3-phase AC provide to the
induction motor isgiven asequation as

2
T, 0 E;

Wheretd isdevelop torquein theinduction motor
E, isvoltage magnitudeof stator of induction motor

Thiscondition can bedevelop by considering all
other variables of the motor consider constant. That
meansspeed of themotor and frequency of the supply
should maintain constant. Thus, over al torque
devel oped ininduction motor directly dependsupon
the square of thevoltageleve of the power supply to
themotor. Inthis paper thevoltagelevel maintained
by thecontrolled switching of power switchesconnected

[81

to the system. The gate signals for these power
switches are provided by pulse width modulation
technique. Thisgeneration of gatesignalsfor power
switchesisthe outcomeof PID controller whichis
fed by afeedback signal of torqueat shaft. Thus, the
voltagelevel provided for inverter actionisprimarily
controlled by aphase control rectifier. Thetorque of
output shaft isfed as feedback and generate error
signal for PID controller attached to the pulse
generator. Thusthe pulse generate by generator is
dependsupon the controlled signal provided by the
controller.

Tarque feedback signal ‘\/\1 comparator ):‘:1 FID controller ’:;i Pulse generator
Reference torgue

Fig.1. Block Diagram for Torque Control

Thesesgnasof pulseareused totrigger the power
switchesconnected tothecircuit. Thisparticular circuit
Isused to convert single phase AC into controlled
DC voltage by full wave controlled rectification. A
capacitor of desirevalueisconnected at the output
of the system to maintain voltagelevel constant at a
particular requirelevel. Thisoutput of rectifierisfed
as an input of inverter. As the level of voltageis
maintained by error sgnd of torque. Thus, thisvoltage
mai ntal nstorque constant throughout the operation
of themachineasdiscussed above.

ThisDC voltageisfedtotheinverter to generate
3-phase AC voltagefor input of theinduction motor.
Thefrequency of 3-phaseAC supply can becontrolled
by inverter action of the system. Thisinverter action
depends upon speed requirement of the induction
motor. As the second stage is inverter action and
control the gpeed of theinduction motor thusthisstage
also consider as speed controlling stage of the
induction motor.
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2.2 Speed control of 3-phase induction motor
Therelation between input frequency and output
rotational speedisgivenas:

N, asf
Where sisdip of the 3-phaseinduction motor

fissupply frequency
N isrotor speed

Thus, by considering the dip constant the speed
of motor depend uponinput frequency. By controlling
the input frequency of supply for induction motor
rotating speed of 3-phaseresultant flux can control.
Thus, dueto changing mechanism of rotor, speed of
therotor can be control by controlling therotating
speed of the resultant flux. For controlling the
synchronous speed model provideafeedback signal
to the comparator to thisthe comparator. The output
of the comparator generate error signal this error
signal fedinto the PID controller to generate control
signd for thesystem. 3-phasecurrentisalsotakesas
feedback thissignal isconvertintothedirect axisand
indirect axis current by the use of Planks
transformation. These values of two axes current
compare with reference value of direct axis and
indirect axiscurrent. Thusanerror sgnd will generate.
Thesetwo error signal of direct and indirect current
will fed tothe controller.

Speed feedback signal

Fig.2. Block Diagram for Speed Control

Thismodel isused asPID controller for proper
controlling of the system. Theoutput of thiscontroller
Isagain convertinto 3-phasecurrent controlling sgnal
and fedto a3-phase controlled inverter circuit. These
gatesignalsareused to controll sequencetrigger the
power switchesconnected withinverter. Thus, output
of theinverter iscontrolled and provides controlled
speed application at theinduction motor end.

AC supply —L
rectifier

Controlled DC J—|
in

Fig.3 Block Diagram Representation of Controlling
Technique

By above block diagram represent overall
controlling technique of 3-phase induction motor.
Thus, an induction motor can be controlled on the
basisof torque produced at the output aswel | asspeed
of therotor separately or together. Thiscontrolling
techniqueisbased onthefast acting power switches
at both the stages of controlling thesearerectifier and
inverter stages. Using thispower switchesmakesthis
controlling techniquemorequick responsive, religble,
and durable.

3. MATHEMATICAL MODELING

The mathematical modeling of thisSIMULINK
model canbedividedintotwo parts: oneismagnitude
of voltage controlling part and the other isfrequency
of voltage controlling part. The second part depends
upon the plankstransformation.

Rel ati on between output torque and magnitude of
voltage of 3-phasesACisgivenas:

3T ER,
Td: 2,52 2y 2
6.28nSTSl (R +s"X,)

Thus, by thisequation we can concludethat torque
develop in 3-phase induction motor will directly
depend upon magnitude of supply voltage. Any
increment in supply voltagewill causetoincressethe
value of output torque in sgquare of the voltage
magnitude. That meansthe overal torque production
ininduction motor can be control by controlling the
magnitude of AC voltage apply to the motor.

(9]
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To control the magnitude of AC voltage a phase
control rectifier is in use. Relation between output
voltage of rectifier and firin g angle is given as

V, = 2Vmcos o
I1

That means any change infirin g angle will directly
shows its effect on average value of output voltage
which count as DC voltage. Thu s, output of controller
will generate firing pulse for power switchesand output
voltage can be control. By controlling the output
voltage by control switching sequence of power
switches of rectifier output v oltage can be controlled.
So torque ofthe induction mot or can be control. This
controlling of voltage will be done inthe first stage of
controlling. Thus, this contro lled voltage isfed as input
of the inverter to generate 3-phase AC supply for
induction motor.

The second stage controlling o f 3-phase induction
motor is based on Parks transformation and used to
control speed of the induction motor. 3-phases to two
phase conversion is the first step for this controlling
technique. Method for this is given in following by
which three phase current in induction motor will
convert in direct axis and indirect axis current. By
obtaining these values of direct and indirect axis
current comparison will takes place and thus error
signal will generate for direc t axis current. Thisdirect
axis component of 3-phase curr ent is responsible for
generation and controlling of active power flow in
induction motor.
sin® +2[1/3 .

I, sind-2[1/3

d
lq cos6 —2[1/3  cosd +2[1/3 |

By controlling the magnitude o fvoltage infirst stage
of controlling torque can be considered constant.
Thus, anychange inthe active power will directly affect
the speed of the induction mot or.

The real value of direct axis current willcompare
with reference value and error signal will generate.
Thiserror signalis fed into the controller and output
of controller is fed to genera te require value of direct
axis current. This value of direct axis current will
combine with indirect axis current and generate
switching sequence for power s witches connected to
convert controlled DC voltage into the 3-phase AC
voltage. Bythis controlling t echnique active power in
the induction motor will contr ol with constant value
of torque; thus overall change in active power will
appear at the speed of rotor.

4. SIMULATION RESULTS

|

Fig.4. Pulse Signals for Phase Controlled Rectifier

Fig. 4 shows the triggering signals generate by
pulse generator to trigger pow er switches connected
to perform controlled rectific ation actionand provide
output as controlled DC.

Fig.5. PID Controlier Outpht

Fig. 5 shows the output signal of P1D controller
which shows its presence during transient time and
decrease its value as the time passes.

[10]
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Fig.6 Output DC Voltage of Phase Controlled Rectifier

Fig. 6 showscontrolled output DC voltage of phase
controlledrectifier. Theoutput limitsitsvalueat value
of 160.40V DC. ThisDC voltagefed totheinverter
for controlledinverter action.
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Fig.7 Output Torque and 3-phase Current of Induction Motor

By switching signdsprovidetothe power switches
of inverter action givesthree phase controlled outpui.
ThusFig.7 showstheoutput current of 3-phasesupply
whichinjected into theinduction motor. After transent
of 0.008 sec the 3-phase waveform of the current
will become 3-phase supply of constant value.

During thistransient duration the val ue of torque
will raiseform 1 to 400 N-m. and become constant
at thisparticular value. Somesmall ripplesare present
inthetorque of theinduction motor which will also
overcomeby along time period of operation.

Fig.8. Output Speed of Induction Motor

Asthe abovetwo figure showsthevariationin
torque and current. Thus, during thistransient time
the current will oscillatethis oscillation of speed will
damped out after second stage controlling technique
will comesinto action. Selecting speed control as
second stage controlling makestrans ent appearance
in speed for somelong time as compare to 3-phase
current and torque.

5. CONCLUSION

Thisresult showsthat by two stagescontrolling of
3-phaseinduction motor user can control either speed
or torque of the output. These controlling can be
together which mean by controlling any onerequire
stage user can control either speed or torquewithout
changein active power flow into theinduction motor.
Similarly by adopting controlling over boththestages
user can control speed and torquetogether by change
in active power flow into theinduction motor.
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