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Abstract:

This research dwelt on the simulation of the impact of soft starter controller on
induction motor transients. It was aimed at resolving the various challenges
inherent in the dynamic operation of asynchronous motors, which included
current and torque surges during motor start up. The method leading to solution
include comprehensive mathematical model of asynchronous motor in both
steady state and dynamic state conditions; as well as the development of soft
starter control scheme and its application for the motor operational control and
finally, the simulation of the impact of soft starter controllers on machines
performance or behavior during transients from standstill to synchronous speed
was carried out using MATLAB/SIMULINK software.

The MATLAB/SIMULINK simulation was used to determine the variation of
the starting inrush current and starting torque pulsation under different firing
angle and so using the pulse width between (70% - 90%) . With the applied
voltage of 220V, the starting current is between +200A and - 150A and the
torque pulsation is between -85Nm and +300Nm when connected directly to the
supply. It is seen that the starting inrush current is about 3 to 8 times of the
motor no-load current. A control scheme is proposed for reducing the inrush
current and torque pulsations. It was observed that the inrush current was about
+100A and the torque pulsation is between -140Nm and +120Nm. The inrush
current is reduced to about 66.6%.



oaldlial)

da A Cingay skl DG sl & pnall Jusedil dad Ayl oSa il alSlace Canl) 130 5l

a6 s il ool 31 e Al g ¢ adinl) S jaall Sabipall Juaill b Al Al ) clpaal
ot doadl Jald sl ) e e dall ) Apagal) 48 phall Jaiis o jaal) ey ol ) 50l
Al Sl sy b ) ALY Al A iyl g A0 A (e S 3 (el il
ASail) Cilas 5 Al BlSlae 2k 5 ¢ a5 S jall Ll oKail e sk o(soft starter) 4l
Al Al yiall de pud) ) o sSill (e sandl oL LS sl o) cilaslall elal e soft starter
233 MATLAB / SIMULINK 3l aladiul o8 MATLABASIMULINK gl
ol G e alaiiuly 1388 5 ddliae (@3 4yl 5 cand ) ) sall a3 Qs Mall 3835 4l (il
Uatis A 150 -5 A200 + O sl S ¢ il 220 G Aalaall Gkl dl) e ¢ (£90- £70) o
e )i of Ladlall (e & el 5 8bal) Jua sill 22 Nm300 + s Nm85 G Le ol
gyl L Sl 6l oSt dalada & iy Jaeadll pde i e ) 30 8 () 3 (Al 5o Juril
140 G ) O sl e s Gl aal 100 + Jss gy s Gl las sl ol sl o
1.66.6 s A oLl gax Jlss o5 Nm120 sNm



Table of Contents

Dedication
Acknowledgemen
Abstract

Table of Contents
List of Figures
List of Tables

Chapter One: Introduction

1-1 BacKground....eeeeeeereieneeeiieiiieeieeenereeneennccenscenscnns
1-2 Problem Statement.....cceeiveiieiieiiiiniiniiniieieecneensennns
1-3 O JECHIVES. e eteeeeeenerennrenneeencenscenasennseenscanscansennss
1-4 Methodology...eeeeereereiieiieteeeeeeeeeerenneeenscenscenncnns
1-5 Project LayOUt...ceeeeeeeeeeeeerennreneeennecenecenacennscansenns

Chapter Two: The Three-Phase Induction Motor

P20 R a1 1 o]0 (8 Tex £ o] o A
2-2 CONSEIUCHION. .tueiteiernerimsnrinreesessnssnssnsosssssssnssnsens
A N - (0] e
A {0 (0 ]
2-2-2-1 Squirrel Cage rotor..c.ceeeeeeeeeieeeinrecetenrensecacensens
Ry ey ¥ VAV oTU1oTo [ o] (o] R
2-2-3 Operation PrinCiple...ccciccieieieiieiiiiceeiereerenecansennes

Vi

Vi
IX

Xii



2-3 Electrical and Mechanical PerformancCe......eeeeeeeeeeeeeieeeeeenenes 13

2-3-1 Rotor current and power faCtorg..c.eeeeeeeeeeierenecnecearenneennens 16
2.4 The application of 3-phase induction MOtOr.....ccceeeierinreneennnn 17
2.4.1 Application of squirrel cage induction motor......ccceeeveeieneenns 17
2-4-2 Application of Slip ring induction MOtOr.....cccceeeeiiereecnnnnnns 17
2-5 Starting Method Of 3-Phase Induction Motor......ccceeeeeeeenenennnns 18
2-5-1 The conventional Method....ccevereeeiieeiieiiereieeeneeenaeeeneeenanes 18
2-5-2 Electronic MethodsS. coeeeeeeieieiiietiierereeineerenrecnsenasennscanacone 22
2-5-2-1 USINGENYFISTOr e iueieiiiiiiniiniieiieiieeiesnisniinssnsssnssnssnsonsens 23
2-5-2-2 USING IGB T ueiiuiiieiiniiieiiniintieeentesceacensenscensensonscansanses 24
2-5-3 Comparison between conventional and electronic methods....... 26
2-6 Related WOrK......cviiiiiiiiiiiiiiiiiiiiinnneeeeecnnsccccsnnssccccnnnnses 27
Chapter three: Simulation 29
RN Fal 1 golo [¥]ed 1 o] o PO PPN 29
3-2 MATLAB/SIMULINK . .eiitiiiiiiitineeeatitenecensenscscnnsenscnns 30
KECH o] [o]e] 1qe [1-To | =11 1 AN PPN 30
3-4 Modeling CoMPONENTS..cuiieiereienrieeerareereeasansensseaseasanscnses 31
3-4-1 T Y ISIOr e e eineieenatineeneenateneeneceecensesacensensennsensensenncnnsanes 31
3-4-2 RIMIS. . iiiiiiiiiiitiitieeeneeintenecsacensensennsensonscsnsansenscnnsanses 32
3-4-3 POWEIQUI.uetueiiereneeensensosassnssnsonsssnsonsssssansosassnssnsosssnses 32
3-4-4 Current MeasuremMeNnt. .. c.ceeeieereieeeesentoeneosncesnsssnsssnsssnnses 33
3-4-5Voltage MeasUremMENt....ceeeeeeererererareescenscesascensccnsennssone 33

Vii



3-4-6 Asynchronous MacChiNg.....ceeeeeeeieieeeeeerenerennsennscnnscnnncenns 33

3-4-7 PUISE GENEIAtOr...cuiieirerriniiniieeseeesnssnssasesssssnssnsssssnsnns 34
3-4-8 DiISPIaY.ueeeienieneienieeeeeeciarenecsacensenscensonsonscsnsenssnsssnsanans 34
3-4-9 Scope and Floating SCOPE...ceeereeerernrerereereerarecnsenasennsennns 34
K O ) (-] o J N 35
3-4-11 BUS SEIECTON . eiuiiniiniieiieiernientsesiesnssnssnsonssssnssnssnssnssns 35
3-4-12 IMUXutttintrenetinnrennreensesnsssnsssnsssessssssssnsssssssnsssnsssnnsonnse 35
3-4-13 TO WOIKSPACE. ceeeueteerernrenneeenreenscenaceensennsesnscansennscnnns 36

3-5 Simulation Model of Direct-On-LineStarter(DOL)....c..ccccvu.... 36

3-6 Simulation Model of Soft Starter Controller......cccceveeeiininanns 37
Chapter four: Simulation Results 40
4-1 INtrOAUCTION. cuiueiieiieiieiniiniiniiettsntentsntsssessssnssnsssssssssnsnse 40
4-2 Effect of the Soft Starter on the Motor Current......ccceeeuveeinnene. 40
4-3 Effect of the Soft Starter on the Motor Torque:...ccceeeeeeeeeenneennen. 42
4-4 Effect of the Soft Starter on the Motor Speed.......cccceveieeennnnnnn. 44
5-4Effect of change of pulse in the Thyristor Firing Angle............... 45
Chapter Five: Conclusions and Recommendations 50
Rl 0] 1ol [5[0SO 50
5-2 RECOMMENAALIONS. . euieiinrniiarniierarierareerasarsesnssesasassssassssnsnsoses 50
] (] (=T 0T 51

viii



List of Figures

Fig(2.1) Three phase induction motor (a) Squirrel cage rotor (b)

] 1T oI g [ 10T 0] (0] o PN 5
Fig(2.2)Stator of three phase induction MOtOr....cceevuiieiierieeeenrenrnnes 6
FIg(2-3) SQUITTEl Cage rOtOr . icieiieiieieieiiaiineeieiiatescsncsntonscsassnscnsons 9
Fig (2-4) Lamination of stator and rotor.......ceeeeeeeiieriecieenienrensencnns 10
FIQ (2-5) SHP NG FOtOF . ciuiiieiiieieiiatiatenetentonsosasanssnsssssnsosssnsonss 11
Fig (2-6) :Power flow of inducCtion MOtOr....ccvveeeiieieiarinrenrenecnnsencens 14
Fig (2-7) : Torque-speed curve of induction Motor......c.ccveveeeieniennnnns 15

Fig (2-8)The circuit of a 3-phase induction motor at any slip s.............16
Fig (2-9)one phase of the rotor circuit at standstill........cccceeveiininaneen. 17

Fig 2.10Power and control circuits of three phase induction motor with
3 1@ ]I > ] e 19.
Fig 2.11Typical electrical diagram for a primary resistor or reactor

reduced VOItage Starter. .o ireiiieieiieiieienetinreneceassnsesacasnssensonscnnses 19

Fig 2.12 Typical electrical diagram for an auto transformer

reduced VOItage Starter...ccveiieeiieiiriieeieiieeeintenrenacansensonscansonssnnns 20



Fig 2.13 Delta configuration as motor nears full speed.......cceeevvvveneen. 22
Fig 2.14 Star configuration at Start-UpP....ccceeeeeeeereererecencensenscensensene 22

Fig 2.15Power and control circuit of three phase induction motor with star
(0[] 1 r= 1 r= U =T 22

Fig 2.16 Current versus motor speed and torque versus motor speed.....23

Fig 2.17 Electronic soft start of induction Motor.....cccceveieeiieiinreneennnns 24
Fig 2.18 Block diagram of complete SyStem...ccceeieiiniiniiniieeeeneensennes 25
Fig 2.19Block diagram of motor drive SyStemM....cceeeereeieniinriereecnecnes 25
Fig 2.20 Block diagram of a soft starter....ccceeeeeeeeiinienieieiinrenecnnsennens 26
Fig 3-1: System BIock diagram...cccceeieeieieiinieneieeiinicneciacsnssscsnsonsons 31
Fig(3.2): SIMULINK Model of Three Phase Induction Motor Direct On
I 0TI = =] 37
Fig ( 3.3): Block diagram of Solid-state soft-starter......ccceeeeeieeiinnennn 37
Fig (3.4):Flow of chart......cccoiiiiiiiniiiiiiiinniiiiiinnniicessnsscccsssnnnscnn 38
Fig (3.5) : SIMULINK Model of Three Phase Soft Starter Connected to a
three Phase MOTOr....couiiuiieiiiiiiiiiiiiiiiiiiiiiiiiiieiieinirniiatsasensesnsnn 39
Fig (4.1): StatorCurrent (DOL).c.iveiveeeereeneenesnriersaseecnssnssasonsascnces 41
Fig (4.2): StatorCurrent (SOt STArter)..ceeeeeeeieieeiieeieeerenseessesscnssnses 41
Fig (4.3) : Electromagnetic Torque (DOL)..cceieeeeieiinreieenecenscacanssnnn 42
Fig (4.4) : Electromagnetic Torque (SOft starter)....ccceeeveeierieeenarennnnns 43
Fig (4.5) : ROtOrSpeed(DOL) . .uiiuiieiieiieierenrenienreesesscnsossossssscnssns 44
Fig (4.6) : Rotorspeed(SOft Starter)..ceceeeeeeieeeeiecierenersersnronecsnsiiiiosnens 44

Fig (4.7) Torque at the pulse (30) for Thyristor Firing Angle..............45



Fig (4.8) Current at the pulse (30) for Thyristor Firing Angle............ 46
Fig (4.9) Torque at the pulse (66.6) for Thyristor Firing Angle.......... 46
Fig (4.10) Current at the pulse (66.6) for Thyristor Firing Angle........ 47
Fig (4.11) Torque at the pulse (83.3) for Thyristor Firing Angle...,.....47
Fig (4.12) Current at the pulse (83.3) for Thyristor Firing Angle........48
Fig (4.13) Torque at the pulse (90) for Thyristor Firing Angle...........48

Fig (4.14) Current at the pulse (90) for Thyristor Firing Angle..........49

Xi



List of Tables

Table 1.1: Difference between Slip Ring and Squirrel Cage Induction Motor.......... 11

Table 4.1: Three Phase Induction Motor Parameters

Xii



xiii



Xiv



Xv



XVi



