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ASSIGNMENT 
QUESTIONONE 
(a) What is the limitation of single Phase Induction Motor? 
Answer: A single phase induction motor, unlike a 3phase induction motor, does 
not have a Self-starting torque. Auxiliaries are required to start a single phase 
motor. 
 
(b) Explain why a single phase induction motor does no self-start. Discuss this 
based on the double revolving theory. 
Answer: The idea of double field revolving theory state that any alternating flux 
produced in The motor as a two equal components but of opposite direction 
.Hence the single voltage applied causes a forward and backward flux in the 
motor which are of equal magnitude thus There is rotation of the motor. 
 
(c) Explain the constructional features and principle of operation of a Single Phase 
Induction motor 
Answer: 
i.) The constructional features of the single phase induction motor are; 
1. Stator 
2. Stator winding 
3. Rotor 
4. Rotor winding 
5. Terminal box 
6. Fan 
7. Bearing 
8. Frame 
 
ii.) The principle of operation. Firstly a pulsating magnetic field is produced, when 
the stator winding of the single-phase induction motor shown below is energized 
by a single phase supply. 



The word Pulsating means that the field builds up in one direction falls to zero 
and then builds up In the opposite direction. Under these conditions, the rotor of 
an induction motor does not rotate. 
Hence, a single phase induction motor is not self-starting. It requires some special 
starting means. 
If the 1 phase stator winding is excited and the rotor of the motor is rotated by an 
auxiliary 
Means and the starting device is then removed, the motor continues to rotate in 
the Direction in which it is started. 
 
(c) Using the double revolving field theory explains the torque–slip characteristics 
of a single phase induction. Hence explain why a Single-phase induction motor is 
not self-starting 

Answer:  
From the diagram at unity the slip is 1, hence the backward torque and forward 
torque are the same and opposite hence they cancel out. But when any of the 
torque is increased in one direction either forward or backward the direction the 
motor start to move is in the increased direction for which the Slip also decreases. 
Normally the torque decreases with a decrease in slip. However the exact point 
Of maximum torque is maximum at a lower slip because of the resistive load. 
 
(d) List five (5) types of Single Phase Induction Motor and explain explicitly any 
two with Relevant circuit/connection diagrams 
Answer: 



1. Resistance start motor 
2. Capacitor start motor 
3. Capacitor start 
4. Capacitor start, capacitor run motor 
5. Permanent capacitor start motor 
 
 
Resistance Start Motors. It has a single cage rotor, and its stator has two windings 
known as main winding and starting winding also known as the auxiliary winding. 
Both the Windings are displaced 90 degrees in space. The main winding has very 
low resistance and A high inductive reactance where as the starting winding has 
high resistance and low Inductive reactance. The Connection Diagram of the 
motor is shown below. 

 
 
Capacitor Start Motors are a single phase Induction Motor that employs a 
capacitor in the auxiliary winding circuit to produce a greater phase difference 
between the current in the main and the auxiliary windings. The name capacitor 
starts itself shows that the motor uses a capacitor for the purpose of the starting. 
The figure below shows the connection Diagram of a Capacitor Start Motor. 
 
 



 
 
(e) Describe the operation of Single Phase Induction Motor using the Double-Field 
Revolving theory. 
 
Answer: The double revolving theory states that when a single phase supply 
excites a motor 
The alternating flux developed in the motors consist of a backward and forward 
field of 
Equal magnitude and opposite direction. The motor will only start if there is a 
slight push in 
Any of the direction after which it follows the direction motion which is in the 
direction of the push. 
 
QUESTIONTWO 
(a) WhatisaUniversalMotor?Listfive(5)areasofapplicationofthistypeofmotor. 
Answer:Auniversalmotoraremotorsthatcanoperateonbothdcandac 
supply. 
Theapplicationsofuniversalmotorincludethefollowing.Thesemotorsare 
applicablewherethecontrolofspeed&themotorspeedhighvaluesare 
required.Usedinhandydrillmachines,hairdryers,tablefans,andgrinders. 
 
(b) DescribetheConstructionofaUniversalMotor. 
Answer:Theconstructionofauniversalmotorisassuchwithaseriesdcmotor. 
 
(c) DistinguishUniversalmotorfrom theDCseriesmotorwithrespecttotheadditional 
Constructionalfeatures.Describetheseadditionalconstructionalfeatures. 
Answer:Theuniversalmotorismodifiedinseveralwaystoallowforproper 



ACsupplyoperation.Thereisacompensatingwindingtypicallyadded,alongwithlamina
tedpole 
pieces,asopposedtothesolidpolepiecesfoundinDCmotors.Auniversalmotor'sarmat
ure 
typicallyhasfarmorecoilsandplatesthanaDCmotor,andhencefewerwindingspercoil.
This 
reducestheinductance.Thelaminatedpolepiecepreventeddycurrentloss. 
  
QUESTIONTHREE 
(a) DescribetheprincipleofoperationofathreephaseInductionMotor. 
Answer:Whenthemotorissuppliedwithathreephasesupply.Magneticfield 
aregeneratedintherotor.This,magneticfieldare120degreesoutofphase. 
Themagneticfieldcreatesacurrentorinducesacurrentintherotorofthe 
motortherebycreatingitsownmagneticfieldthatcausesittorotatewhenit 
interactswiththestatormagneticfield. 
(b) StatetheadvantagesanddisadvantagesofThreePhaseInductionMotor. 
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Advantages 
1.Theyarelowcost 
2.Requireslittlemaintainance 
3.Theyareself-starting 
Disadvantages 
1.Thespeeddecreaseswithincreaseinload. 
(c) A 400V ,threephase,starconnectedinductionmotorhasastatorimpedanceof 
(0.06+j0.2)ohm andanequivalentrotorimpedanceof(0.06+j0.22)ohm.Determinethe 
maximum grosspoweroutputandtheslipatwhichitoccurs. 
Answer 
Ro1=R1+R’2 
Ro1=0.06+0.06=0.12 
Xo2=X1+X’2 
Xo2=0.22+0.2=0.42 
Zo1=sqrt((Ro1^2)+(Xo1^2)) 
Zo1=0.44 
Slipcorrespondingtomaximum grosspoweris=R’2/(R’2+Zo1) 
S=0.06/(0.06+0.44) 
S=0.12OR12% 
Voltagephase=Vline/sqrt(3) 



Vphase=400/sqrt(3) 
Vphase=230 
Grosspoweroutput=3(V1)^2/2(Ro1+Zo1) 
Pgmax=3(230)^2/2(0.12+0.44) 
Pgmax=141696.4=141.7KW 
6 
Hint:takekasunity,Solveusingtheapproximateequivalentcircuitreferredtothe 
Stator(Version2) 
(d) DrawandexplaintheTorqueVsSliprelationshipofthree-phaseInductionMotor. 
Therelationshipbetweenthetorqueandsliprelationshipofthemotoris 
showninthefigureabove.Ideallywithnoloadorresistanceonthemotor,whenslip 
is1i.ethemotorisstandstillthetorquegeneratedismaximum,andastheslip 
approaches0thetorquereducestotheminimum.Hencespeedismaximum.Soat 
maximum speedweexperienceminimum torque.Howeverwhenaresistanceis 
introducedthepointofmaximum torqueoccursatamuchhigherspeeddepending 
theonthemagnitudeoftheresistance. 
(e) A3-phaseinductionmotorrunsat20rpsonno-load,and15rpsatfullloadwhen 
suppliedwithpowerfrom a60Hz,3-phasesource.Calculatethefollowing; 
i. Thenumberofpolesofthemotor 
Answer: 
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20rps=rps*60=rpm 
20*60=1200rpm 
1200rpm=120f/p 
P=(120*60)/1200 
Numberofpoles=6poles 
ii. Thepercentageslipatfullload 
Answer: 
15*60=900rpm 
Slip=(Ns-N)/Ns 
Slip=(1200-900)/1200 
Slip=0.25 
Slip=25% 
iii. Thefrequencyoftherotor’svoltage 
Answer: 
F’=SF 
F’=0.25*60 



F’=15Hz 
iv. Therotor’sslipspeed 
Answer 
Ns-N=slipspeed 
1200-900=300 
v. Therotor’sfrequencyataslipof10percent 
Answer 
8 
F’=SF 
F’=0.1*60 
F’=6Hz 
QUESTIONFOUR 
(a)HighlightfivemethodsofcontrollingthespeedofInductionMotors 
Answe:Thereareseveralwaystocontrolthespeedofaninductionmotor. 
1Reducethevoltageappliedtothemotor.(Thisreducestheamountoftorque 
themotorcanproduce.Slipwillincreaseandcurrentmaybewellinexcessof 
thefullratedcurrent.) 
2Controlthecurrenttothemotor.(Thisalsoreducesthevoltage,butifyou 
cancontrolthecurrentdirectly,youcancontrolmotorheating.) 
3Useawound-rotormotorandcontroltheresistanceappliedtotherotor 
windings.(Thisworksverywellonloadsthatrequirelongstarttimesandlarge 
torques.) 
4Controlthefrequencyandvoltageappliedtothemotor.(Thisisthemost 
popularoptiontoday.) 
Byinjectingemfinrotorcircuit 
(b)ListfourmethodsofStartingthethreephaseInductionMotors 
Direct-on-linestarting 
Reduced-voltagestarting 
Star-deltastarting 
Softstarter 
(c)ExplainanytwomethodsinQ4(b)usingappropriatecircuitdiagram 
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Reduced-voltagestarting 
Thereduced-voltagestartingmethodcanbeintroducedintomedium and 
largesizeinductionmotorstorestraintthestartingcurrent.Whenthemotor 
finishesthestarting,itwillresumetofullpressureworking.However,the 
resultofreduced-voltage starting willlowerdown the starting torque. 



Therefore,thereduced-voltagestartingisonlysuitableforstartingthemotor 
underno-loadorlightlyloadedcondition. 
Softstarter 
Softstarterisanewtypecontroldevicewhosemainadvantagesincludesoft 
starting,lightload and energysaving,and quickness.One ofthe most 
importantfeaturesisthattheelectroniccircuitisconductedinthesilicon 
controlledrectifierofmotorunderthetandem connectionofpowersupply. 
Using thesoftstarterto connectthepowersupplywith themotorand 
differentmethodstocontroltheconductionangleinsiliconcontrolledrectifier 
canmaketheinputvoltageofmotorincreasegraduallyfrom zeroandtransfer 
allthevoltagetomotorfrom thebeginningtotheend,whichiscalledsoft 
starting.Whenstartinginthisway,thetorqueofmotorwillgraduallyincrease 
withenhancivespeed.Infact,thesoftstarterisavoltageregulatorthatonly 
changesthevoltagewithoutalteringthefrequencyatstarting. 
10 
11 
QUESTIONSIX 
(a)Whatistheimportanceoftestingonthree–phaseInductionMotors 
Therecouldbemanyreasonstotestaninductionmotor. 
- Tofindoutifitworks. 
- Totestforreliability 
- Toseehowmuchperformancemarginithas 
- .Toseeifitworksaccordingtoitsspecifications 
Thevibrationtestisusedtodetectthevibrationlevelofaparticularmotor.Theno 
loadtestisintendedtofindoutthenoloadcurrent,coreloss,frictionandwindage 
lossesandtheblockedrotortestiscarriedouttodeterminethecopperlossof 
motor. 
(b)Statetwosimilarityanddifferencesbetweentheshort-
circuittestoftransformersand 
theBlocked–RotortestinInductionMotor. 
Answer 
Similarities 
1.Bothmachineareshortcircuited. 
2.Avariacissuppliedtoboth 
Differences 
1.ThevariacisappliedtoHVsideofthetransformer 
2.Powerisappliedtothestatorside/secondarysideofthe 



motor 
(c)StatetwosimilarityanddifferencesbetweentheOpencircuittestintransformerandt
he 
No-loadtestinInductionMotor 
Answer 
Similarities 
1.Bothtestdorequiresanoloadcorrespondence 
2.Theyarebothusedtodeterminetheefficiency 
Differences 
1.Becauseofreductiononpowerfactorthedirectionof 
measurementofcurrentastobechangedintheinduction 
motorwhereas itis no needed forthe open circuit 
transformertesting. 
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2.The rotor power factor reduces while that of the 
transformerremainsatunityorsomeotherunknown 
values 
(d)Listfourtypesoftestingcarriedoutonthree-phaseInductionMotorsandexplainany 
one(1) 
Answer:Generallythemotortestcanbeclassifiedintotypeandroutine 
test.Typetestincludes 
1.Windingresistancemeasurement, 
2. loadtestand 
3.Breakdowntest. 
Routinetestincludes 
1.noload, 
2.Blockedrotor 
3.Andinsulationresistance. 
Insulationresistance(IR)istheresistancemeasuredbetweenthewindingsofa 
motoranditsground/earthconnection.Itismeasuredinaveryparticularway.AnIR 
testismeasuredwiththeapplicationofahighvoltagebetweenthemotorwindings 
andthemotorearthconnection 
(e)A400-
volts,threephaseSTARconnectedInductionMotorgavethefollowingresultson 
no-loadandshort-circuittest 
NoLoadTest 400V 3.0A 645Watts 
BlockedRotorTest 200V 12.0A 1660Watts 



Giventhatthewindagelossesamountto183Watts,andthestatorresistanceas5Ω; 
determinethefollowing; 
i. TheEnergycomponentoftheNo-loadcurrent 
ii. ThemagnetizingcomponentoftheNo-loadcurrent 
iii. ThepowerfactoronNo-load 
iv. No-loadresistance,R0 
v. No-loadreactance,X0 
vi. Equivalentresistanceperphaseasreferredtotheprimary 
vii. Equivalentreactanceperphaseasreferredtotheprimary 
viii. PowerfactoronShortCircuit 
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ix. ShortCircuitcurrentwithnormalvoltageappliedof400Vacrossthestator 
AppliedVoltageperphase,V=400V,Noloadlinecurrent=3A 
Noloadphasecurrent=3/√3=√3A,Inputonnoload=645W 
Statorcopperloss=45W,windageandfrictionloss=183W 
Totalstatorcoreloss=645-45-183=417W 
Noloadp.f,cosᶲ= = =0.2 
p1 
3VI0 
417 
3×400×√3 
Noloadlinecurrentonenergy= ×cos∅ =3×0.2=0.6A Ilo 
Magnetizingcomponentofnoloadlinecurrent, 
= = =2.94A Ilm - () Ilo 
2 () Ile 
2 3- 2 0.62 
Energycomponentornoloadphasecurrent, 
cos∅ =1.732×0.2=0.3464A Ie 
=I0 
Noloadresistance, 
R = = =1.155Ω 0 
V 
Ie 
400 
0.3464 
Noloadphasecurrent, 
= =1.7A Im 



2.94 
√3 
Noloadreactance, 
X = = =236Ω 0 
V 
Im 
400 
1.7 
ShortCircuitVoltage=200V,shortcircuitstatorlinecurrent=12.0A 
ShortCircuitstatorphasecurrent=6.928A,Inputonshortcircuit=1660W 
Equivalentresistanceperphaseasreferredtotheprimary, 
R = = =11.53Ω 0 
Ps 
3Is 
2 
1660 
3×(6.928)2 
Equivalentreactanceperphaseasreferredtotheprimary, 
Z = = =28.87Ω/phase 0 
Vs 
Is 
200 
6.928 
X = = =26.5Ω 0 Z - 0 
2 R0 
2 (28.87)- 2 (11.53)2 
14 
Powerfactoronshortcircuit, 
cos∅s = = =0.4 
PS 
3VIs 
1660 
3×200×6.928 
ShortCircuitcurrentwithnormalvoltageappliedof400Vacrossthestator, 
= = =24A Isc 
×V Is 
Vs 



12×400 
200 
QUESTIONSEVEN 
(a)Explaintheoperationofsynchronousgenerator 
First,thebasicprincipleofgeneratingelectricity:youneedaconductortocarrythecurre
nt,a 
magneticfieldtomoveelectronsthroughtheconductorandrelativemotion(backandfo
rth,side 
toside,whathaveyou)betweenthetwo. 
InthecaseofanACgenerator,themagneticfieldiscreatedintherotor,whichisanevennu
mber 
ofironcores(bars)wrappedwithalengthofwiretocreatealternatingnorthandsouthpol
es.This 
donebywrappingthewireonewayaroundonepoleandwrappingthewiretheotherway
around 
thenextpole.Directcurrentisappliedtothewiretocreateastableandconstantmagneti
cfieldon 
thepolesoftherotor. 
Theactualalternatingcurrentisgeneratedinthecoilsofwirethatareloopedaroundtheo
utside 
partofthegenerator,thestator.Themagnitudeofthatvoltageispartiallydeterminedby
the 
numberoftimesthewireisloopedaroundthestator,givingthemagneticfieldmorecond
uctorsto 
passoverandtherebymovemoreelectronsthroughthewire.AthreephaseACgenerato
rhas 
threesetsofcoils,eachsetconsistingofonewire,wrappedthesamenumberoftimesaro
und 
thenlengthofthegeneratorsothattheyeachhavethesameoutputvoltage. 
Outputvoltageisdeterminedbythespeedoftherotor(directlycorrelatedtothespeedof
whatever 
isattachedtothegenerator,whetheradieselengine,gas,steam,hydroelectricorwindt
urbine),the 
numberofpolesbuiltintotherotorandthestrengthofthemagneticfieldtheycreate(dir
ectly 
correlatedtotheDCappliedtotherotorcoils)andfinallythenumberofcoilsinthestator. 



Sincethenumberofpolesandnumberofcoilsarefixedwhenthegeneratorisbuiltandins
talled, 
15 
theonlywaytoadjusttheoutputvoltagetothedesiredlevelistoadjustspeedandmagnet
icfield 
strength.However,sincealternatingcurrentrunsatarequisitefrequency(60cyclespers
econdin 
Americaandafewothercountries,50cyclespersecondinmosteverywhereelse),thesp
eedof 
therotorhastobeconstanttomaintainthatfrequency.Thatonlyleavesthemagneticfiel
d 
strengthavailabletoaltertheoutputvoltage,whichisaccomplishedbyalteringtheamo
untor 
currentthatissentintothecoilsoftherotor. 
Oncealoadisattached,andoutputpowerfrom 
theprimemoverisappliedtoworkoutonthe 
powergrid,outputvoltageandfrequencywilldropbecausecurrentrunningthroughthe
statorwill 
createanopposingmagneticfieldinthestator,whichwillopposethemagneticfieldcrea
tedby 
therotor.PowertotheprimemoverANDcurrenttotherotorcoilswillneedtobeincrease
dto 
maintain frequencyand voltage atthe required parameters;the reverse 
applieswhen load 
decreasesascustomersturntheirappliancesoff. 
(b)AYconnected,twopole,50Hz,11kV,10MVAsynchronousgeneratorwithXs=150Ωis 
operatingatfullloadand0.8powerfactorlagging.Calculatethefollowing 
i. Theinducedemfandloadangle,Ef< 
ii. Themaximum power,Pmax 
iii. Themaximum Torque 
S/MVArating=10MVA, ,p.f=0.8, ,f=V =11KV 50Hz,numberofpoles=2 line Xs =15Ω 
Inducedemfisgivenas; 
= Ia(line) 
Vt(lines) 
√3 
So; 
|E = =12,741KW f(phase)| (V Cos +( +Sin ) t(phase) φ2) Ia 



Xa φ2 
(Cosφ +δ)= = =0.399 
V Cosφ t(phase) 
Ef(phase) 
(6351)(0.8) 
12,741 
φ +δ=cos-1(0.399)=66.50 
Recall; 
Cosφ =0.8 
φ =cos-1(0.8) 
16 
φ =36.90 
Hence, 
δ=66.5-36.9=29.60 
ii.)Maximum power, 
Pmax = = =16,138,618.22W 
3|Vt||Ef| 
Xs 
3(12,741)(6351) 
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iii.)Maximum torque, 
Tmax= = =51,507.4Nm 
Pmax 
2πf 
16,138,618.22 
2×3.142×50 
(c)Explaintheconceptofparrallelconnection ofgeneratorsandgivefour(4)advantages 
ofconnectinggeneratorsinparallel. 
Connectinggeneratorsinparallelincreasesthepowercapacity,controlinloadmanage
ment,ease 
ofmaintenance,andredundancy.Theprocessinvolvesthephysicalconnectionoftwoor
more 
electricgenerators,andthesynchronizationoftheiroutputs. 
Thesynchronizationmatchesthewaveform 
oftheoutputvoltageofonegeneratorwiththe 
voltagewaveform oftheothergenerator(s). 
Benefitsofparalleloperationinclude 



Redundancy:failureofoneunitdoesnotaffecttheintegrityofthepowersupply,generat
orsmay 
betakenoutofserviceforpreventativemaintenance 
Scaling:manyunitscancombinetoprovideapowerdemand,ratherthanrequiringfewer
verylarge 
generators 
Resourcemanagement:generatorscanbelocatedandoperatedtobestmeetthegener
ating 
conditions,insteadofhavingtobelocatedandoperatedtomeettherequirementsofalo
calload. 
Anexampleofthismaybeanuclearpowerplant,whichmaytakemanyweekstobringupt
ofull 
operatingconditions.Usinganucleargeneratingstationatfullpowertomeeta"baseloa
d"with 
smallermorerapidresponsegeneratorsisonewaytosupplyfluctuatingloadrequireme
nts. 
Efficiency:Generatorsoperatingatfullloadaremoreefficientthanthoseoperatingatlo
wloads.It 
ismoreefficienttomeetachangingloadbyaddingorremovingsmallergeneratorsthanh
avinga 
singlelargegeneratoroperatinginefficiently. 


