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ABSTRACT i

Single-phase induction motors are widely used in many

and I¢w power industrial applications. About a few thousands of single-phase induction

motots are manufactured every month in this country. A small savin Is in ‘manufacturing

!| eneficial effects to

the in dustry It is desirable to produce the motors with economical cost and at the same

cost gs well as running cost for single motors would have multiple

time pot compromising on its performance. Hence, many attempts have been made to

optintize design for optimum performance the single-phase induction motors .A complete

energly conservation solution of a drive will be achieved by implementing an optimized
desigh as well as the suitable control scheme. The energy conservation is quite essential

in induction motors by various efficient control schemes.

The traditional search algorithms used for optimization in¢lude Runge Kutta
methdd, Newton Raphson method and Gauss Seidel method. The non-traditional search
algotjthms commonly used for electrical machine design optimigation are Genetic
Algofithm, Simulated Annealing, Ant colony and Neural nets. The Selection of the

method depends on its flexibility in computing complex equations and computation time.

In this project , a Genetic algorithm is adopted for the optimal design of single
phas¢ induction motor. The optimal design of stack length, turns ratio, cross sectional
area pf main winding, current density of main winding, Length of imean tum, air gap
length and the flux density of stator teeth are described in this report. The simulation part
has Heen implemented using programming language VC++. The simulation results are

veriffed with the experimental results.
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LIST OF SYMBOLS:
Agl| - area of running winding conductor
La| - length of mean turn of main winding
Lol - length of each bar.
Apl - area of each bar
S - number of rotor slots.
Rs| - starting winding resistance
X - total leakage reactance in terms of main winding.
X - total leakage reactance in terms of aux. winding
Rumjor Rgm or R- main winding resistance.
R - rotor resistance referred to running winding.
Xsi - stator reactance.
Dyt - core diameter
Pl - number of poles.
Leil - length of airgap.
L | - length of stator core
T | - pole pitch.
Mo | = constant
K - winding factor for the main winding
Ry’ - resistance of rotor referred to main winding
Xid - leakage reactance of stator main winding plus rotor
in terms of running winding
Tl - number of turns in main winding.
Wi - width of rotor teeth

A1 o Aenrnth af rotatr oore




resistance of main winding.

reactance of main winding

impedance of main winding

resistance of main winding

reactance of auxiliary winding

current in auxiliary winding

current in main winding

phase angle of main winding current
phase angle of auxiliary winding current

The instantaneous value of mmf at the coil axis and is d

instantaneous stator current.
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CHAPTER 1
INTRODUCTION

Single-phase induction motors are widely used

apgliances and light-duty industrial applications where three-phase

available. The most common single phase induction motor f

in many domestic
power is not readily

ypes are split-phase,

capacitor start, and capacitor start and run motors. The split-pltase motors have the

proplem of poor starting torque that i1s solved by using a capacitor-§
auwdliary winding. The start capacitor may be disconnected after sf

cergrifugal switch. In capacitor start and run single phase inducti

tart in series with the
arting by means of a

bn mOtors, one more

capcitor 15 permanently connected to the auxiliary winding for improving motor

performance. The function of the capacitor is to generate a leading
auqliary winding so that the motor can produce a sufficiently higj

opdrate as a balanced two-phase machine.

single phase induction motor by various efficient control schemes
corIroI, PWM inverter control and multilevel inverter control. A n

tec

' phase current in the

h starting torque and

A complete energy conservation of a drive wiil be achidved by implementing
|

an Pptimized design as well as control [1] ~ [8]. The energy coiuservation 15 possible
|

such as triac phase

eview in the relevant

nical literature shows that there are several research efforts congerning efficiency and

performance improvement of single phase induction motors[1] — [q]_ The major areas in

the{control part of single phase induction motor are the optimal

placement of the run

cappcitor, minimum cost design and improved performance contfol scheme with two

tria¢s, design considerations for improving triac controlled single p

performance, a triac controlled strategy that adjusts the supplied

hase induction motor

voltage to the motor




alggrithms commonly used for electrical machine design opti

The traditional search algorithms used for optimization |nclude Runge kutta

method, Newton Raphson method, Gauss seidel method. The lon—traditional search

ization are Genetic

Algprithm, Simulated Annealing, Ant colony and Neural nets .The Selection of the

method depends on its flexibility in computing, complex equatigns and computation

time[9],[10].

In this project, 2 Genetic algorithm is adopted for the opfimal design of single

phaLe induction motor [1]. The optimal design of stack length, turng ratio, cross sectional

are3 of main winding, current density of main winding and the flux flensity of stator teeth

are! described in this report. The simulation part has been| implemented using

programming language VC++. The simulation results are verified With the experimental

rcsq;lts.

L1IHOBJECTIVE OF THE PROJECT

To understand Genetic algorithm and to study relevant pr&ngramming languages
for implementation of the engineering problem. /
To adopt Genetic algorithm for optimal design of single-{phase capacitor start
induction motor parameters. |'
To simulate Genetic algorithm coding to satisfying constrainté;.
To analyse the simulation results in order to get the imq!roved efficiency and
power factor. '

To fabricate the motor based on the simulation results.




1.2|ORGANISATION OF THE PROJECT

Chapter 1:
Chapter-1 deals with the objective of the project and

project.

Chapter 2:

This chapter expiains about the construction, operating

phake induction motor, design of stator ,design of rotor paramete

about Genetic algorithm.

Chapter 3:
This chapter explains about the software and hardws

single phase induction motor design.

Chapter 4: i

organization of the

principle of a single-

- details and discuss

re implementation of

This chapter contains the results obtained from the siml.ﬂlation and hardware

details.

Chépter 5:
This chapter provides conclusion, advantages of the

enhhncement of the project.

project and future
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CHAPTER 2
SINGLE PHASE INDUCTION MOTOH

The construction of a single-phase induction motor is

Fa

similar to polyphase

indyction motor. The stator i1s provided with a single phase winding and a centrifugal

swifch is used in some types of motors, in order to cut out a W

stafting purposes. It has a distributed stator and a squirrel cage ro

nding, used only for
or. When fed from a

single phase supply, stator winding produces a field or flux which i§ only alternative one

which alternates along one space axis only. It is not a synchronou
thelcase of two or three phase stator winding, fed from a two or thr
an fplternating or pulsating flux acting on a stationary squirrel cage
rotation. That is why a single-phase induction motor is not self st

rotgr of such a machine is given an initial start by hand or otherwi

thep immediately a torque arises and the motor accelerates to its final

Double-field Revolving Theory:

This theory makes use of the idea that an alternating unj

ly rotating flux as in
»e phase supply. Now
rotor cannot produce
ing. However, if the
e in either direction,

speed [5]-[6].

raxial quantity can be

repfesented by two oppositely — rotating vectors of half magnitgde. Accordingly, an

altefnating sinusoidal flux can be represented by two revolving flux

es,each equal to half

the value of the alternating flux and each rotating synchronously in opposite direction.

As shown in Fig 2.1 (a), let the alternating flux have a maximum val

congponent fluxes A and B will each be equal to .,/ 2 revolving in

of @, Its

ticlock wise and

clogk wise direction respectively. After some time ,when A and B wpuld have rotated




flux
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Fig 2.1 Double revolving field
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After
on . [
then g
flux ¢

revoly

flux t

three quarters of a cycle, again the resultant is zero,as shown in
' we plot the values of resultant flux against 6 between limits

curve similar to the one shown in Fig 2.2 is obtained. That is
ant be looked upon as composed of two revolving fluxes, each o

ing synchronously in opposite directions.

It may be noted that if the slip of the rotor is s with respect to 4

en its slip with respect to the backward rotating flux is ( 2-s).

ach of the two component fluxes,.while revolving round the st}

After half a cycle, fluxes A anb B will have a resultant of —

D X (B /2 ) =-Dy,
Fig. 2.1 ( e) and so
b =0"to 8=360",
why an alternating

| half the value and

he forward rotating

ator ,cuts the rotor,

induces an e.m.f and this produces its own torque. Obviously, the fwo torques (called

forwapd and backward torques) are oppositely — directed, so that

torqug
Now {
If N i

bs 1s equal to theirdifference as shown in Fig 2.3

bower developed by a rotor is Py = [(1-s) /s] LR,

 the rotor r.p.s., then torque is given by

T = (1/22N ) [(1-s) /s] L’ Ry,
Te=(1/2aN) L’Ra /s

Ty

k.( LERa/s )

Torque

he net or resultant

e (2.1)

e (22)




Hencq

At st

. the forward and backward torques are given by
Tr= k.( L°Ra/s )
Ty = -k.(L*Ry/(2-s)
Total torque T = T;¢+T,

Fig 2.3 shows both torques and the resultant torque for slips bets

Indstill, s = 1 and (2-s) = 1.Hence, Ty and T, are numericall

oppo

jtely directed, produce no resultant torque. That explains why

ween zero and two.

y equal but ,being

here 1s no starting

torqug in a single phase induction motor. However , if the rotor is starfed somehow,say in

the clpckwise direction, the clockwise torque starts increasing and, at]

anticlpckwise torque starts decreasing .Hence ,there is a certain amoy

the c
drawly
motor
moton
additi
apart 4

]
windij

CUITEI]

Singl¢-phase Capacitor Start Induction Motor:

ckwise direction which accelerates the motor to full speed
ack and make the motor self-starting ,it is temporarily converte

during starting period. For this purpose, the stator of a sing

pn to the main or running winding . The two windings are spag

and they are connected in parallel across the single-phase supply.

t is so arranged that the phase—difference between the current;
hgs 1s very large. Hence, the motor behaves like a two phase

its produce a revolving flux and hence make the motor self-startin

P - | Centrﬂlgal sthcb

I M ain | .’5 E'. Arviliaru

the same time ,the
nt of net torque in

To overcome this

d into a two phase

e phase induction

is provided with an extra winding, known as starting or auxiliary winding,in

ed 90° electrically

5 1n the two stator

metor. These two

2.



In single-phase capacitor start induction motor, the neceTary phase difference
betveen I, and I, is produced by connecting a capacitor in sefies with the starting
winding. When the motor reaches about 75% of full-load speed, thg centrifugal switch S,
opens and cuts out both the starting winding and the capacitor ﬁl'om the supply, thus

leaying only the running winding across the lines [6].

I
Inl

Fig 2.5 Phasor diagram of a single-phase capacitor start induction motor

The current 1, drawn by the main winding lags the supply voltage V by a large angle

whére as the current drawn by the starting winding leads the supply voltage V by a
cerfain angle. The two currents are out of phase by about 80° as compared to 30° for split
phake motor. The resultant current I;, is small and it i1s almost in ghase with the supply
volfage

Capacitor start/induction run motors have several advantdges over split-phase
mofors. Since the capacitor is in series with the start circuit, it ¢reates more starting
torque, typically 200 to 400% of rated load. And the starting current) usually 450 to 575%

of rated current and it 1s much lower than the split-phase due to the larger wire in the start



The capacitor-start induction motor is more expensive thdn a comparable spht
phake design because of the additional cost of the start capacitorf But the application
range is much wider because of higher starting torque and lower [starting current. Use
thep on a wide range of belt-drive applications like small conveyqrs, large blowers and
pr]:‘P

of general-purpose single-phase industrial motors. A capacitor car store reletive to the

s, as well as many direct-drive or geared applications. These jare the "workhorses"

vollage applied [5].

Equivalent circuit parameters:

A single- phase motor may be looked upon as consisting of two motors, having a
compmon stator winding, but with their respective rotors revolving infopposite directions
thefequivalent circuit of such a motor based on double field revolving theory. Here, the
single-phase motor has been imagined to be made up of (i) one stlor winding and (ii)
twq imaginary rotors Since iron loss has been neglected, the excitifig branch is shown
corkisting of exciting reactance only. Each rotor has been |assigned half the
magnetizing reactance[S].

Xm /2

P Rsm
-—o“ | ANN—e V00 o




For pny slip s, the value of Irand I can be calculated,
Foryard torque = I¢ % (R’ / 28) syn.watt

Backward torque =1y, 2 (Rym’ / 2(2-5)) syn.watt

Grogs motor torque = (Ry,’/ 2) [(I5 ¥/s) — ( Ip %/(2-s))] syn.watt

Net motor torque = gross motor torque — iron, friction and windage lgsses.

Net putput = Net motor torque (1-s) watt

= Net motor torque (1-s) /746 hp

Under standstill conditions, V¢ = Vy, but under running conditions V{

90 to 95% the applied voltage.

The total torque is T=T¢~Th.

2.1 DfSIGN OF STATOR

Main winding:

type. There are usually 3 or more coils per pole each having same or d

tums.The arrangement for winding is governed largely by the neces

The stator windings of single-phase induction motors are ¢

—--(2.12)

is almost

e (2.13)

oncentric winding
ifferent number of

ity of minimizing

harmgnic fluxes which may otherwise give rise to noise and uneven acgelerating torque.

N [/

\

\

——

A

>

8]




Such harmonics are produced owing to non-sinusoidal shape of mmf wave. This mmf
waye harmonics can be reduced by utilizing about 70 percent of the total slots for the
runping winding as this arrangement gives mimimum low orfler harmonics. The
remaining slots (about 30 percent of total slots) are used for accomodating the starting
winfling. In a small single-phase induction motor may be de:Eble to reduce the
harfonics still further by grading the winding ie. by having |different number of
conductors in each slot thereby giving an mmf wave, which neagly approaches a sine
wave [5].

Thq winding arrangement shown in Fig 2.7 is for a stator with 9 slofs per pole. There are

four coils per pole.

Coil (1-9) --- it spans 8 slots
Coil (2-8) --- it spans 6 slots
Coil (3-7) --- 1t spans 4 slots
Coil (4-6) --- it spans 2 slots

Thd coils can be re-arranged as shown in Fig 2.8

Thdre are again 4 coils per pole.

(il (1-10) --- it spans 9 slots
Qoil (2-9) --—- it spans 7 slots
Coil (3-8) --- it spans 5 slots
Coil (4-7) --- it spans 3 slots




With this arrangement the number of turns in the outside cg
half] of the conductors in siot 1, the other half conductors belong to
adjdcent pole. Suppose, for mnstance, that a motor with 9 slots per p

shopvn in Fig 2.7, It is desired to have a sinusoidal distribution.

Thq turns required in each coil are found as follows:
Cofl (4-6)-sin 2 coil span = sin(2/9) x 90°= 0.342
Coif (3-7)-sin 'z coil span = sin(4/9) x 90°= 0.643
Coif (2-8)-sin 2 co1l span = sin(6/9) x 90°= 0.866
Coll (1-9)-sin 12 coil span = sin(8/9) x 90°= 0.985

= 2.836

Pergent turns per pole in coil (4-6) = (0.342/2.836) x 100 =12.10
Perfent turns per pole in coil (3-7) = (0.342/2.836) x 100 = 22.70
Pertent turns per pole in coil (2-8) =(0.342/2.836) x 100 = 30.60
Pergent turns per pole in coil (1-9) = (0.342/2.836) x 100 = 34.60

The same procedure can be used for arrangement of

determining the base for percent turn calculations, one half the sine

for jcoil (1-10).

Coil (4-7)-sin 2 coil span = sin (3/9) x 90° =(.500
Coil (3-8)-sin 2 coil span = stn (5/9) x 90° =0.766
Coll (2-9)-sin % coil span = sin (7/9) x 90° =0.940

Coll (1-10)- ¥2 sin Y2 coil span = 4 sin(9/9) x 90°= 0.500

i1 (1-10) must be one
he outside coil of the

Hle 1s to be wound as

Fig. 2.8 except in

of 90° must be  used

= 27



Wind

weigl

coil p

total Tlumber of turns. For the winding shown in Fig 2.7.

ing distribution factor:

The winding distribution factor for concentric type single
ted mean pitch factor and it is calculated by multiplying the g

er pole group by the turns in the coil and dividing the sum of thg

ayer winding is a
itch factor of each

se produced by the

Pitch[factor for coil (4-6) = sin (2/9) x 90" = 0.342

Pitch|factor for coil (3-7) = sin (4/9) x 90" = 0.643

Pitch|factor for coil (2-8) = sin {6/9) x 90" = 0.866

Pitchlfactor for coil (1-9) = sin (8/9) x 90" =0.985

Suppese turns in coil (4-6), coil (3-7), coil (2-8) and coil (1-9) are regpectively Ty, Ts.7,
Tos.and Ty .

Winding factor:

Foru

Num

The

Kw=(0.342 T4gs +0.643 T35+ 0.866 Trgt 0.985 T, 9)/ ( T4

= (0342x12.1+0.643 x 22.7+ 0.866 x 30.6 + 0.985 x 34

sual winding distribution, the value of Kw will be between 0.75 t

ber of turns in running winding:

mumber of turns in the running winding can be calculated as belo

StatT

r induced voltage E =4.44 F T, Ky O

6 + T3+ Tag+Tig)

1.6}/100 =0.8
y 0.85.
v

e (2.14)

La nl o T 1~y B R - =
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The 1

The value of stator induced voltage E is approximately equg
voltage V. The winding factor for the running winding can bs

p (0.85.

umber of turns in series per pole for the main winding,.

Tpn] = TI"II f'( p.

Runr*'ng winding conductors:

Curr

Area

dm is

<an ug

Size d

both 1

has a

ent carried by each running winding conductor

I= (hpx746)/(Vncos®)

lof main winding conductor a, =1, / 3n

the current density for main winding in A/mm?.

For open type motors split phase, capacitor and repulsion start

jually be 3 to 5 A/mm?. For enclosed motors much lower values

f stator slots:

All the stator slots do not have the same number of conductors
funning winding and starting winding conductors. The starting

kmall cross sectional area, and its effect upon the size of the slot

the

slot.

or semi — enclosed slots, the insulation between core and coils 1

as slof lining .The slot linear is usually 0.3 to 0.4 mm thick.

1 to 95 percent of

assumed between

the current density

should be used.

| and some contain
winding conductor

is small. Generally

ing winding coil with the largest number of turns will determpine the size of the

s placed 1n the slot,
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a required for insulated conductors = Z, x (n /4 ) di* .

imum slot area required = (1 /0.5 ) Z,x (n /4 ) d,* .

slot area provided in the stamping 1s calculated by multiplying t
th of the slot.

average slot width Wiy ={a (D +dgs )/ Ss] - Wes

bre
dss = depth of stator slot .

Wi = width of stator tooth .
Sq
 of each slot = Wy ) X da.

= number of stator slots .

for teeth:

The stator tooth density By can generally be from 1.4 to 1.7 V)
If the lower losses and noise are important or if the motor is
er densities should be used . For general purpose machines a

fm ? is taken while for high torque machines it may go up to 1.8

pr of 0.95 is taken.

L iron length L; =095 1.
k density in the stator teeth Bi= @ /((Ss/ p) xLix Wy)

for core:

-—---(220)
-m-ms (2.21)
he mean width by the

/b/m ?
totally enclosed, then

flux density of 1.45
Wb/m ? . A stacking

£

The flux density in the stator core should not exceed 1.5 WTf’mz. Generally it lies



The flux density should also be checked in rotor teeth and 1

of flux density in rotor should not exceed the permissible values

cor

esponding values for stator . A little higher values are permissibl

Length of mean turn:

T

Ain

Lo = [8.4 (D+d)/ Sq] x slot spanned + 2L.

pap length:

phalbe induction motors. The following empirical relation gives satis

2.2

Gap length 1, = ( 0.007 x rotor diameter } / Vp

DESIGN OF ROTOR

Number of rotor slots:

The number of rotor slots is so chosen that there is

CO

binations. It has been found that a quiet —running motor will

htor core. The values
hich are the same as

in rotor.,

he length of mean turn for each of the coils per pole of a concentfc winding

The considerations for taking a particular air gap length ]re same as for three
f:

ctory values.

e (2.29)

no noise producing

result if there are no

harmonic fields, of stator and rotor slots, with number of poles differing by less than 4.

Hagmonic poles due to slots = 2 (S + p/2)

Where

S 1s the number of slots

The nrher af ctarnr <late 1e 11enallv fved by winding arrancement mimher of noles



For motors with more than 2 poles, quiet operation can g

the jhumber of rotor slots differs from the number of stator slots by

of foles.

Another useful rule states that the number of rotor slots sl
whikh might prove satisfactory, although the number of rotor slot

1 .5|times the number of stator slots. The number of rotor slots mus
pouit of view of magnetic locking [5]-[6].

An#a of rotor bars:

The cage rotor winding may be either of copper bars or {

technical advantages lie with copper but manufacture is cheaper

bnerally be expected,

whgn the numbers of rotor slots are divisible by the number of paIIs of poles and when

ore than the number

ould be equal to the

nunpber of stator slots plus twice the number of poles. There are maJy other combinations

are rarely more than

be selected from the

tast aluminium. Also

with cast aluminium.

Alsp with cast rotors, the joints between bars and end rings are elimirjated.

Total stator copper section for main winding A, =2 Tr, am mm?

A high rotor resistance 1s desirable from the standpoint of
curfent but leads to high slip and poor efficiency. The total ro

gengrally 0.5 to 0.8 of total stator copper section.

Tatal cross section of rotor bars A, = S, x a

—(2.31)

' starting torque and

OI copper section 1§

- (2.32)

Where



Rator resistance:

mo

ph
tor(

vall

hig:L efficiency , high full load speed and minimum temperature rise

ors. It should be as low as possible to keep down rotor coppey

e of rotor resistance,

Choice of rotor resistance is very important factor in the design of single phase

loss and to maintain

In the case of single

¢ motors there 1s an added advantage that the rotor resistance|effects the maximum

ue for given flux and therefore a higher value of pull out torque fs obtained with large

A significant parameter is the ratioc Rm’ / Xim . Experiende has shown that for

of Ru' / Xy 18

norfmal commercial fractional kilowatt machines, the value
appfoximately:
For split phase motors  --- 0.45 to 0.55
For capacitor motors - 04510 0.8
WHlere
R’ = Resistance of rotor referred to main winding
Xim = Leakage reactance of stator main winding plus rotdr in terms of running
winding,
The value of Ry’ is usually lower for the larger horse power|ratings. These values
can|be used as a guide in designing the ring or Ri,” choose the best| ring from a number

of apailable designs.




curfent would result. This will give rise to poor power factor and thgrefore these densities

L

LAY

are faken only shightly higher than the corresponding stator densities||

Flux density in rotor teeth:
Bis= On/[( S/ p)x Li x Wy] -—--{2.35)
Where
W, -width of rotor teeth

Retor core:
Flux density in rotor core
Ber= ®m /(2xLix deyr) -—--(2.36)
Where

dee = Depth of rotor core

xiliary winding:

Design of auxiliary winding for starting the single-phase indudtion motor.

After a satisfactory main winding has been designed, the nekt step is to design a

suiteble starting or auxiliary winding .In order that the starting winding can produce a
revplving field the flux set up by it must be out of phase with fluk set up by the main
wingding. The number of turns of the main winding must satisfy th¢ requirements of the
corg and the size of conductor requirements of the load. This meang that the reactance of
math winding i1s high and its resistance is low . The starting| winding must have

parameters just the reverse of those of main winding, It is essentfl to design the best

PR Wt L R T L. (S s TR (. S S (-, TR (VR MR, (PSR SN S m . S
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Opeljnting characteristics:

Mrﬂlf for air gap:

Thq

(0)

satu

mmff should be based upen the value of flux density at 60° from i

timg4

Sat

CIrg

mag

With single phase induction motor, the required resistance

2 small section wire i.e. about 25% of that of main winding . ]

ut 2 seconds. The phase angle between the starting winding

age should be about 0.4 of that for the main winding [5].

flux produced by stator mmf passes through the following parts:

air gap (i1) stator teeth (iir) stator core (iv) rotor teeth and {

bs B, for single-phase machines.
Bsg =157 Ba\.r

Mmf required for airgap Aty = 800000 Byeo K Ly

iration factor:

s usually obtained by

'he current density at

ting may be as high as 100 A/mm?. This is permissible as the wihding is in service for

current and the line

v) rotor core due to

ration in teeth | the flux density distribution curve is flat toppéd. The calculation of

nterpolar axis 1s 1,57

meeen (2.37)

of t]}‘le non-linear nature of the magnetization curve of the core materi

The saturation factor which is the ratio of the total mmf reqyired for the magnetic
it to the mmf required for air gap is difficult to pre detérmine from the d.c

netization curves. The shape of magnetizing current wave is npt sinusoidal because



Saturation factor F; = Total mmf required for magnetic circuit / mmf

= 1.1 to 1.35 for single-phase induction motor.

When the flux densities in teeth and core are low, the lo

usefl, and when high higher values should be used.

Iroh loss:

The iron losses in stator teeth and core are found by

required for airgap

ver values should be

calculating their flux

of $tator tooth and core loss due to fundamental frequency flux.
shopld be obtained from tests of motors of similar design. When tes

a vdlue of 1.75 to 2.2 may be used.

Frigtion and windage loss:

The bearing friction and windage loss will depend upon the

usefl. whether ball bearing or sleeve bearing . For sleeve bearings 2

ities and weights. The total tron loss for induction motors 1s 1.—1 to 2.5 times the sum

he muitiplying factor

data 1s not available,

type of bearing to be
nd a speed 1500 rpm,

it if usually from 4.0 to 8.0 % of the watt output. The high values §pply to small motors

belgw 180 W [5].

Ruhning winding resistance:

m=002] [TmLmtml'{am] at?s DC (hOt)

wn=0.017 [ Tin Lo / am] 2t 20 ° ¢ (cold )



Rotoy resistance:

|
We can calculate the value of rotor resistance referred to stator by puttiq'g m; = 2 for

singlefphase machines.

Rotor resistance referred to running winding
R’ =4 ms To” Koo’ p [ (Lo/ Sean ) + (27 (Ds/p?as ) ) KringI| - (241)

R’ =8 Ty ? K’ p [ (Lo/Srap )+ (2/m(Ds/p’as )) King] | - (2.42)

Leakjge reactance calculations of single-phase induction motor:

Slot l¢akage reactance:

The windings of induction motors are concentrictype with dffferent number of
conductors in each slot. Suppose the number of conductors in different slot are Z,, Z,, Z3
...... c. Therefore | there are 2p groups of conductors of Z,, Zo, Z3 ..|...etc. conductors

per slgt.

Henck the total stator stot leakage reactance

Xs=2nfT LA, e (2.43)
=2nf L[Z® +Z,% +Z3%+........ 1L Ags X 2p.
= 4naf L[Z° +Z2° +Z5°+........ JpLis | - (2.44)
= 47 f (ZKwm) "X (L/Ss) R Co - (2.45)

= 167f (To Kom) 2X (1.7 Sy ) hes Co e (2.46)



Rotor

the npmber of slots. Thus the rotor slot leakage reactance, in terms g

obtairfed from this equation by substituting rotor specific permeanc

specif

Thus

Total

Zig

Wher¢
As = [0 W Wy (Wi +W, A1/ (12 1, Y Ye.
Ys=aa*D/S., Yy=an D/S,.
Over|hang leakage reactance:
Xo = 167f (T Kum) > (L 1o ) / 6.48; p) [1 (D+dss) x ay
slots] §

bos = 1o [( £+ (d/e)+2e/(e+al)]

]

e = Wo [( W/ 3Wl(ha/ W, )]

slot leakage reactance:

jc permeance A C, and S, for S,

rotor slot leakage reactance in terms of stator
Xe© = 16 (T Ky} 2 (L7 Ss ) Asr.
slot leakage reactance in terms of stator X; = Xy + X ©

Xo= 16af (Tm Kam) 2 (L7 S¢) [hes Ca + (Ss/Sr) Aes 1.

[Z.ag leakage reactance:

Xy = 167f (Ton Kum) 2 (L7 S¢) A

The slot leakage reactance is proportional to the specific slot pamleand::e divided by

t the stator, may be

 hsr for stator slot

weeee (2.53)

weee (2.54)
e (2.55)

erage coil span in

- (2.56)




Where,

8, = rotor bar skew angle expressed in radian ;

=[n/(S;/P) ] x (rotor slot pitches through whichbars afe

ske]:wed )

K, - stator slot leakage factor =~ 0.95

Xm - magnetizing reactance.

Magnetizing reactance:

Koo =167t {Tm Kam) Z (Lo L 7) /(10 Lg Kop Fy) -—---(2.58)
Where,
F; = saturation factor.{ 1.1 to 1.83)
Ke=Kee Kee ] (2.59)
Kes = Y5 / [ Y- (ratio)slot opening). - (2.60)
Ker = Yo / { Yo — (ratio)slot opening]. | —eeem (2.61)

Caphcitive reactance:
Xe= Ka HRRm}(Xum). - (2.62)
Where

C - capacitance value

X.=l@e=fcy ] e (2.63)

Total leakage reactance:

Total leakage reactance referred to main winding plus rotor lr terms of running



Xom = Xun + Xim/ 2 - (2.65)
Thq leakage flux factors
K: = ( Xim- Xom )/ Xom L (2.66)
Ke =Y ((Xom - Xim) / Xom) -~ (2.67)

2.3 OPTIMAL DESIGN CONCEPTS

Design may be defined as a creative physical realization of{theoretical concepts.
Dedign is a process to accomplish a specified task optimally, uhder certain solution
constraints. Design has been defined as both art and science. It i§ a sctence because it
follpws established and universally accepted physical and mathemagical principles which
havk been verified by the experimental methods and an art becaus¢ of uncertain factors
and| decisions involving judgment or experience. analysis and synthgsis are two methods

usefl in designing[4].

De#ign analysis:

Human decisions ot
l NO
Input Is decisipn
ok?

YES

l

Performance calculations




The design analysis may be defined as the determination offthe performance of a

sysem from knowledge of the relationships among the variabes with the system

parj
star
des;

Fig

Bad

ymeters defined initially remaining unchanged. The design anglysis is an excellent

fing point for one beginning with use of application of digitil computers for the
en of electrical machines. The flow chart for common desigr] analysis 1s shown in
2.9.

ic summary:

In order to use optimization algorithms in engg design acfivities the first task is

to formulate the optimization problem. The formulation process begins with identifying

the

important design variables that can be changed in design. The o

are [usually kept fixed. There after, constraints associated with the

Iver design parameters

esign are formulated,

The constraints may arise due to resource limitations such as feflection limitations,

strength limitations, frequency limitations and others. Constraints

co

restrictions that govern the design. The next task is to fi

Iay also arise due to

mulate the objective

fungtion, which the designer is interested in min (or) max. The final task of the

forulation phase 15 to identify some bounding limits for the glesign vanables. The

formulation of an optimizing problem can be more difficult than sofving the optimization

pro

for

Op

—-

ulating objectives, constraints and variables.

limal design:

Optimal design of electrical machines is an iterative

plem; unfortunately every optimization problem requires differgnt considerations for

process wherein

assttmed data mav have to be varied manv times to arrine at the ddsired C‘esign. The



assIciated with the design are formulated. The constraints may arise due to resource

limipations such as deflection limitations, strength limitations, frequency |hmitations

and| others. Constraints may also arise due to code restrictions that govern the design.

Thq next task is to formulate the objective function, which the des{gner 1§ interested

in min (or) max. The final task of the formulation phase is to identi somp bounding
limits for the design variables. The formulation of an optimizing proplem can be more
difffcult than solving the optimization problem, unfortunately eyery optimization

proplem requires different considerations for formulating objective}, constraints and

varfables.

Classification of optimization methods:
The methods of optimization are classified in several ways as belowi
i ) Based on the existence of constraints

Dépending on whether constraints exist or not optimization can ﬁe classtfied into two
types.
(a) j constrained optimization

(b) Jun constrained optimization.

ii ) Based on physical structure of the problem
(a){ optimal problems

(b)t Non - optimal problems




iv )| Based on permissible values of design variables

(2)
(b)

Ob,

Integer valued

Real — valued programming methods.

Based on the nature of design variables

(a) The problem is to find values to a set of design parametdgrs which make some

prescribed function of these parameters minimum subject to dertain ¢onstraints.

(b) The objective is to find a set of design parameters consisfing of all continuous
functions of some other parameter that optimizes the objectije function subject to

the prescribed constraints.

ective function:

The common engineering objectives involve minimizatio of owerall cost of

ma

or

ufacturing (or) minimization of overall weight of an overall weight of a component

aximization of net profit earned (or) maximization of product. Although most of the

abope objectives can be quantified, there are some objectives that fiay not be quantified

€as

may
eith|
hel

min

y.

The objective function can be of two types either the objedtive function is to be
imized or it has to be minimized. The optimization algorithmg are usually written
br for minimization problems or for maximization problems. [he duality principle

§ by allowing the algorithm to be used for minimization or pmaximization with a

pr change in the objective function instead of a change in enfire algorithm. If the

P R LR U (D DU [ i N N S ST 1. A A [P I, § | T, I [



Mathematical formulation of design problems:

The typical form of a non linear programming problem

expyessed as,

Opfimize F(x) by determined x (x; Xz, X3 Xn)

Suljject to constraints ,

Gi(‘

k)< 0 (for }=1,23......m)

and Xmin < Xi < X maxi (fori=1,2,....n)

W

X(x| X2, X3

re F(x) is the objective function ,

maximum limits as X and X paxi.

genfral nonlinear programming problem [4].

Oplimize f(x)

Sudh that X exists within the n- dimensional feasible region D.

e D, where D= {x|x>=0, gi(x) <=0hi(x) =0, =1 to n}

corpprises the n principal variables for which the optimization is

fun
the

I 1

[tion f(x) is called the objective function, for which the optimal

In machine design 1s

Xn) 15 the set of independent design variables wi,h the minimum and

-4 DESIGN OPTIMIZATION OF SINGLE PHASE INDUCTIbN MOTOR

The optimal design of single-phase induction motor is usuplly formulated as a

In the above equations, f{x) g(x) are real valued scalar fuI:tionS'and vector x

be performed. The

values of x result in

maximum value for f(x), and these optimal values satisfy the %iven constraints. The



Op

limal problem formulation:

conpparing a few alternative design solutions created by using a pro

suc

an

conmputed and the best solution is adopted. This method is often fpllowe

the

estimate of the underlying objective (cost, profit) of each

time and resource limitations. But in many cases this method

In many industrial design activities a native optimal design is

1 an activity, the feasibility of each design solution is first inveftigate

achieved by
blem knowledge. In
. Thereafter

design solution is

d because of

15 folliowed simply

becFuse of the lack of knowledge of the existing optimization procedpres [4]-[5].

it 1
pro
var

pro

pari

mo
alggrithm. Since an optimization algorithm accepts an optimiz

We begin our discussion with the formulation procedure

1

4 almost impossible to apply a single formulation procedure

blems. Since the objective in a design problem and the associat

blems. The purpose of the formulation procedure is to creat

el of an optimal design problem, which then can be solved u

icular format, every optimal design problem must be formulated i

Dedign variables:

e
b from product to product, different techniques need to bjl

by mentioning that
or all iengg design
design parameters

used in different

=
=

a mathematically

lng an 'optimization

1on problem in a

n that format.

The formulation of an optimization problem begins Lvith identifying the

underlying design variables, which are primarily varied during the

Dptimization process.

A design problem usually involves many design parameters of which same are highly

sengitive to the proper working of the design. These paramete

rs are: called design

varfables in the of optimization procedures. Other (not so mmportagt) design parameters

nenklly remain fixed or vary in relation ta the decion vartiables Therk iz no mieid ondeline



varfables. The efficiency of the optimization process can be incredsed. The first thumb

—_—

i

pospible. The outcome of that optimization procedure may indica

g of the formulation of an optimization problem is to choose as flw design variables as

whether to include

mofe design variables in a revised formulation or to replace some previously considered

des{gn variables [4].

e Internal diameter of stator

e External diameter of stator.

e  Winding turns ratio.

e Number of stator slots

e Depth of stator slots

e Width of stator slots

o Capacitance value of capacitor

le  Length of stator stack.

» Cross sectional area of stator conductors
e  Number of rotor slots

e Length of mean turn of main winding

Number of parallel path
Number of conductors in parallel
Length of air gap.

Number of main winding turns.
Number of auxiliary winding turns.

Height of stator stator slot.

Height of rotor slot



2.4

tash

Current density of main winding <3 to 5 A/mm?
Full load power factor > 0.8.

Efficiency > 0.75

Length of airgap < 0.32 to 0.7 mm

Area of rotor bars <17 to 20 mm’

Stator core flux density <0.8 to 1.5 wb / m’
L/Tratio<05t0 1.2

Length of core <0.07 to 0.1 mm

GENETIC ALGORITHM

In order to use optimization algorithms in engineering design activities, the first

is to formulate the optimization problem. The formulation

ide

desjgn parameters are usually kept fixed. Thereafter, constraints
desjgn are formulated. The constraints may arise due to resourd

deflection limitations, strength limitations, frequency limitations, an

may
forn
max
for
diffy
prol

tifying the important design variables that can be changed in

also arise due to codal restrictions that govern the design.
hulate the objective function, which the designer is interest

imizing. The final task of the formulation phase is to identify

jcult than solving the optimization problem. Unfortunately,

plem requires different considerations for formulating objecti

vari

ble bounds. Thus, it is not possible to describe all considerati

procegs begins with
a desi'gn. The other
assocjated with the
2 limit%.tions such as
s| othe?s. Constraints
The next task is to
pd 1n hninimizing or

ome bounding limits

the design variables[9].The formulation of an optimization problemi can be more

every optimization
bes, constraints, and

bns in a single book.

Hoyever, many of these considerations require some knowledge abput the} mechanism is



A roulette-wheels for five individuals having different fitgess values. Since the

thirfl individuals has a higher fitness value

Peoint  Fitness

1 25.0
2 5.0
3 40.0
4 10.0
5 20.0

Pl

ig 2.10 Roulette wheel marked for five individuals accoring to fheir ﬁtzhess values.

Than any other, it is expected that the roulette-wheel seleftion virill choose the
thirfl individual more than any other individual. This roulette-wheel selectit:)n scheme can
be gimulated easily. Using the fitness value fi of all strings, the prd:nabilit)i' of selecting a
stritg P; can be calculated. Thereafter, the cumulative probability (P;) iof each string
beirjg copied can be calculated by adding the individual probabilities fromithe top of the
list.} Thus, the bottom-most string in the population should have a cumulad_ive probability

(P,) equal to 1. The roulette-wheel concept can be simulated by fealizing that the i-th

strigg in the population represents the cumulative probability value$ from iPi-l to Pi. The
firs{ string represents the cumulative values from zero to P;. Thus, t:[he cumulative
propability any string lies between O to 1. In order to choose n strings, n raiuiom numbers
betyveen zeros to one are created at random. Thus, a string that neprese}llts the chosen

random number in the cumulative probability range for the string is copieci to the mating

podl. This way the string with a higher fitness value will represent|a largttr range in the

cumhilative nrohabilitvy valies and therefare hac g hiocher nrabahilitd af beiho conied inta



larger number of copies and a mating pool is formed. It is import
striggs are formed in the reproduction phase. In the crossover ope
credted by exchanging information among strings of the mating

operators exist in the GA literature. In most crossover operators, t

In reproduction, good strings in a population are prok:lilisticallly assigned a

to note that no new
ator, new strings are
ool. Many crossover

vo strings are picked

froth the mating pool at random and some portions of the strings afge exchanged between

the|strings. A single-point crossover operator is performed by

Cro

sitelas shown:

00 000 00 111

11 111 11} 000

The two strings participating in the crossover operation

imgs and the resulting strings are known as children strings. It

conktruction that good sub strings from parent strings can be coml

child string, if an appropriate site is chosen. Since the knowledge of]

andomly choosing a

sing site along the string and by exchanging all bits on the righg stde of the crossing

are known as parent
is intuitive from this
ned td form a better

an apgropriate site is

usuplly not known beforehand, a random site is often chosen. WiLh

chilfren strings produced may or may not have a combination of
pargnt strings, depending on whether or not the crossing site falls in
Bufjf we do not worry about this too much, because if good st

crogsover, there will be more copies of them in the next mating g

a ralhdom site, the
ood s'ubstrings from
he apdlropriate place.
Fings d!rre created by
pol geiperated by the

repfoduction operator. But if good strings are not created by crgssover) they will not

ive too long, because reproduction will select against those

trings iin subsequent

oanbkrations



int
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n

dec

the

Fit

malfe a search process. Therefore, GAs are naturally suitable for
problems. Minimization problems are usually transformed into

by $ome suitable transformation.

d. Usually, the following linear mapping rule is used:

he crossover operation and 100 (1- P;) percent of the populatid

X, = X+ [(XY-XY)/ (2% -1)] x decoded value (

bded value of a binary sub string s; is calculated as ¥ 2' s

string is represented as (8i.1 Si-z... 82 81 50)).

ess function:

In the above equation, the variable x; is coded in a sub strirg si of]

nto a

S )

fixed mapping

- (2.69)

length 1;. The

where

Si e (0,1) and

As pointed out earlier, GAs mimic the survival of the fittest [pn'nciﬁle of nature to

the| objective function and used in successive genetic operati

operators require that the fitness function be non negative, althougt

solving% maximization
ximiz%tion problems
In general a fitness function F (3 is ﬁr#t derived from
1n8s. qertain genetic

L
certallh operators do

not} have this requirement. For maximization problems, the fitgess ﬁJ!IICtiOIl can be

co
pro|

the

idered to be the same as the objective function of F (x) = f

optimum point remains unchanged. A number of such transfo

Thq following fitness function is often used:

Fx)=1/(1+fx))

x). Fof minimization
I
blems, the fitness function is an equivalent maximization probInm chpsen such that

|
ations are possible.

(2.70)

J This transformation does not alter the location of the mingnum, *Jut converts a



L e

The

population is then operated by three main operators — reprody

mufation — to create a new population of points. The new populatig

and|

iter

sub

tested for termination.

htively operated by the above three operators and evaluated

conginued until the termination criterion is met. One cycle of the]e opert

sequent evaluation procedure is known as a generation in GA’s t

GA| operators:

seld

rep

cts good strings in a population and forms a mating pool

nunber of reproduction operators in GA literature, but the essential

that
cop
rep

fo
pop

=

ies are inserted in the mating pool in a probabilistic manner.

the mating pool with a probability proportional to its fitness. Th

ulation is selected with a probability proportional to f; . Since

usuplly kept fixed in a simple GA, the sum of the probability of each

for

Pi=f /(2% f)

roduction operator is the proportionate reproduction operator WI

ction,

nis fu

If the termination criterion is not mfet, the

This

inol

[oduction operator is sometimes known as the selection opegator.

,the 1

string

Where n is the population size. One way to implement the

s

lectio|

crossover, and
rther evaluated
population is
3 procedure 1s

ations and the

gy [9].

Reproduction is usually the first operator applied on a popglation| Reproduction

That 1s why the

| There exist a

idea i]]l all of them is
the above-average strings are picked from the current populatjon and their multiple
The cdgmmonly- used

e a sqring is selected

th string in the

he population size is

|being selected

the mating pool must be one. There fore, the probability of selecfing the i-th string is

(2.71)

|
b scheme is to
|

ine a roulette- wheel with its circumference marked for each sfring pv‘oportionate to

thelstring’s fitness. The roulette-wheel is spun n times, each time sdlecting an instance of



The most striking difference between GAs and many trgditiona
meTods are that GAs work with a population of points instead of ajsingle
thefe are more than one string being process simultaneously, it t very

exppcted GA solution may be a global solution. Even though some ftraditic

are [population —based, like Box’s evolutionary optimization and cogiplex §
do jnot use previously obtained information efficiently. In GA, pfevious
infgrmation is emphasized using reproduction operator and pfopagal
thrqugh crossover and mutation operators. Another advantage witQ a pog
seagch algorithm is that multiple optimal solutions can be captuged in

€a

[£a]

1y, thereby reducing the effort to use the same algorithm many tirges.

In discussing GA operators or their working principles in the pre
nothing has been mentioned about the gradient or any othgr aux

infdrmation. In fact, GAs do not require any auxiliary information excep

fungtion values. Although the direct search methods used in trlditiona

methods do not explicitly require the gradient information, some ¢f thos

| optimization
point. Because
hkely that the
nal algorithms
earch methods
y found good
red adaptively
yulation -based

the population

2vious section,
liary problem
t the objective
l optimization

e methods use

seafch directions that are similar in concept to the gradient of the functibn. Moreover,
|

some direct search methods work under the assumption that the fungtion to be optimized

1s upumodal and continuous. In GAs, no such assumption is necessaryﬂlO],

One other difference in the operation of GAs is the value of proba.bilities in their

opefators. None of the genetic operators work deterministically.|In the reproduction
|

operator, even though is expected to have fi/ f copies in the mating]pool, # simulation of

the jroulette-wheel selection scheme is used to assign the true numper of

icopies‘ In the

crogsover operator, even though good strings are crossed, strings to e cros#;ed are created
|

at thndom and crogeccites are created at random In the mtation andratar 4 randam hit ic



to §

easfly get trapped in one of the local optimum points. The objec

loca

remains as they are in the current population.

olve a multimodal problem with many local optimum points, sqarch p

| minimum and one global minimum. If the initial point is ghosen

thoigh a mutation operator is also used for this purpose spafingly.

opel
Wis!
bit

nee

ach

the out come is true then the bit is altered; otherwise the bit is jkept u
| for mutation 1s to create a point in the neighbourhood of the gurrent

eving a local search around the current solution. The mutaion 1s

rocedures may

ive function has one

to be a point

A crossover operator is mainly responsible for the searchlof new strings, even

The mutation

rators changes 1 to 0 and vice versa with a small mutation prgbability, P The bit-

e mutation is performed bit by bit by flipping a coin with a propability Py, If at any

nchanged. The
point, thereby

also used to

maiftain diversity in the population. For example, consider the following population

hav

Ing four eight-bit strings:

0110 1011
0011 1101
0001 0110
0111 1100

Not”ice that all four strings have a 0 in the left-most bit position.|If the

solu
des

ntr

bribed above will be able to create 1 in that positton. The ipclusio

bduces some probability (NPy,) of turning 0 into 1.

true optimum

tion requires 1 in that position, then neither reproduction n11 Crossover operator

n of mutation

Theca three nheratore are simple and araichtforasard The genrodilction oneratar



cregted, they will be eliminated by the reproduction operator in the jiext ge

gog

T

d strings are created, they will be increasingly emphasizedf9].

e parameters used in genetic algorithm are as follows:
Scaling factor - 0.001
Population size - 20

Maximum generation number - 500

neration and if






programming language VC++. The design of 230 Volts, 0.5 h.p, 4{p

phase

318

usit

vC

The

and
leng
Cros

resy

DFTWARE IMPLEMENTATION

o

f* The computation time is much lesser when compared to othgr

= The object oriented programming concept helps to build] t]

th of stator stack, current density of main winding conductor,

Al
St

CHAPTER 3
IMPLEMENTATION

A design software for single-phase induction motor has be

L1

1)

induction motor is implemented and hardware is fabricated.

The optimal design of the single-phase induction motor th.

g genetic algorithm (GA). The GA is implemented using pyo;

de

hles

be

rrar

implementation of GA with the help of VC++ has following adv{nfage

as Matlab- Genetic algorithm tool box (GAOT).

effectively thereby producing accurate results.

In this the optimal design of single-phase capacitor start inducfig

power factor are taken as the objective function and the constraIt;
r

of

1€

1 n

ary

s sectional area of main winding conductor. Then the coding{ig sif

Its are used in fabrication of the single-phase capacitor start indudtis

orithm:

1: Choose a coding to represent problem parameters, a selectign

op

vedoped using a
,- 50 Hz single-

en implemented

nming language

8

ware tools such

algorithm more

notor, efficiency

e the turns ratio,

gap length and the

nulated and the

b OLOT.

erator, a




1]
Based on the simulation results, the motor is fabricated With t}’é specifications
detgiled below. '
Horse power 0O5HP
Rated Voltage S 230V
Number of Poles : 4
Frequency . 50 Hz I
Rated current . 2.5A
Capacitor . 100pF
Table 3.2 : Optimal design design parameters of 0.5 hp .4 pole, RJ0v] 5p Hz single
phase induction motor
Parameters Main winding Auxli#ry pinding
Wire size (SWG) 18 | 22
Number of turns 308 653
Pitch (1-9) (2-8) (3-7) (4-6) (1-10) {249) [3+8) (4-7)
Lgngth of mean turn (m) 0.203 0.34
Resistance () 1.76 0.6p
Clrrent density (A/mm”) 3.301 R2.p
otor design:
Length of air gap (mm) = 0.321
Rotor diameter (m) = 0.0932
Area of rotor (mm?) = 19.57
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CHAPTER 4
RESULTS

Genetic algorithm has been applied to solve the single-plase 1

on problem and it was demonstrated with a test motor. The

h used to optimize induction motor design problem with objg

tiency as objective function, the motor parameters are changed ¢

1cs

suitpbly changed according to the input data. By optimizing t
respect to efficiency results in improved operating performance. 1

arelpresented in table 4.1.

4.1[SIMULATION RESULTS

S
F
D
L
F
C
L
A
L
S
A

e L B2 B = M

Iting the improvement of efficiency. The number of turns ]_E main

PER BEST OPTIMAL EFFICIENCY: 0.806521
WERFACTOR ; 0.752918

ameter of core D: 0.109524

ngth of core L: 0.0871428

ux density of stator teeth Bts: 1.32857
rrent density Isd: 3.03175

ngth of airgap 1g:0.32

ea of rotor bars ab: 19.5714

pclepitch ratio LTOWR : 1.12988

ator core flux density Becs 1.19571

ea or rotor/area of main winding Aratio 1.8

UX PER POLE : 0.00398449

PTH TC WIDTH OF STATOR SLOT RATIO :12.8473
ATOR CORE FLUX DENSITY: 1.1528¢

rns in series per pole : Tepm 77

rns in each coil

TAL TURNS IN SERIES FOR MAIN WINDING: 308
NGTH OF MEAN TURN: Lmtm0O.203513

uction motor

behet

3+~ e L, ., | e I~

lgorithm has
nctions. With
cantly thereby
winding has
[ design with

hlation results

| v B0 B! Pl



MAGNETISING REACTANCES Xm 42.1935
SHEW LEAKAGE REACTANCE sk 0.4098189
TPTAL LEAKAGE REACTANCE Xlm 2.368¢
The computation time required for genetic algorithm to cohjersgifo an optimal
solution 1s listed in table 4.1
Table 4.1 : Simulation results for optimal design compareq yitly gonventional
design. !
Convelt ondl|| Proposed
S.No Parameters methqd Genetic
algorithm
1 Stator bore diameter (m) 0. IDJ" 0.1095
2 Stator stack of length ( m) 0.97; 0.097
31 | Current density in main winding (A/mm?) 4Rl 3.031
4 Stator core flux density (Wb/m?) 1.12 1.195
5 Area of rotor bars ( mm? ) 20| 19.57
6 Length of air gap(mm) 0.] 2. 0.321
|
7 Stator tooth flux density (Wb/m?) 14 1.328
8 Turns in series per pole 1]4i 77
|
9 Resistance of main winding (Q) 2 1.765
10 Resistance of rotor referred to main winding (£2) 2.3 li 1.435
w " 3 rFa3 . ra y .~ MIL o




4.2| HARDWARE RESULTS
Thq destgn of a single-phase capacitor srart induction motor specifi tianis 0.5 h.p, 230
volfs , 4 pole, 50 Hz induction motor has been optimized and fabricahji. ;
Thel auxiliary winding is not changed.
Mhin winding:
Standard wire gauge (SWG) = 18
Turns in series per pole = 77
Length of mean turn (m) = 0.203
Resistance of main winding () = 1.76
Current density (A/ mm? ) = 3.301
RJ‘otor design:
Length of air gap (mm) = 0.321
Rotor diameter (m) = 0.0932
Area of rotor (mm®) = 19.57
Lgad test:
Table 4.2: Load test
Voltage | Current Power | Speed Fraq: enky S1 S2
S.Ne | (volts) (amps) (watts) | (rpm) (hz) (kg) | (kg)
1 230 25 500 | 1390 o |37 10

ocked rotor test:

B

T oLl A Y. DV onle e o] oo loioe Lok




Performance:

anl

fficiency = (Output power / Input power) x 100.
(370 / 500) x 100.
= 74%

=

ower factor = power /(vxi)
500 / (230 x 2.5)
0.869

i

improved from 0.7 to 0.869 .

From the results, the efficiency of motor is increased by 9% ard|fthe

p

bwer factor 1s
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CHAPTER 5
CONCLUSION

phake capacitor start induction motor. This procedure employs gen

for

optimal values of independent variables. The optimum des

cap

facfor with the constraints such as main dimensions, current de

length of air gap, flux density and area of rotor bars. The simula

wit
opt
can|

use

i experimental results. The energy conservation is achieved

be used for all single-phase induction motors with minor mod

ful for design engineers.

A#ivantages and applications of the project:

o The developed software can be used to optimize the
all Fractional Horse Power (FHP) induction motors.

s The overall efficiency of the motor has been increased

In this project, a Genetic algorithm is adopted for the opIrﬁum

mized design in single-phase induction motors. Also the develoI:“

o Optimization of running performances such as losses

Furure enhancement of the project:

¢ Design of controller for efficient control using powe

» The developed hardware can be used for compressor, flImp

P4

' glec

ij‘esign of single-

| rithm to search

tic af
ign fla single-phase

citor start induction motor has been achieved for maximizing effi

igncy and power

yty fnl main winding,

psilts are verified
njplementing the

Al based software

atign| which 1s much

iensigT parameters for

applications

wer factor

renic devices.
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APPENDIX I
SOFTWARE CODE

#include<iostream.h> '
#in¢lude<cmath> :
#inglude<stdlib.h>

#in¢glude<fstream.h>

#inglude<time.h>

ifstgeam fin("run.dat");
ofsfream fout("run.out");
#ddfine SLN 6

#define POP 20

#define NX 6

#define noit 500

voidl main()
{
int P,V freq,pole, Sslot,Rslot;
int bestcnt;
double
cl,Ltowr[POP+1],FLE,PF AN, SN, ns,coecos,DsL,polepitch[POP+1 ]lLL[nortﬂ- 1{[POP+1],
D[roit+1][POP+1],
double
Li[ OP+1],Sslotpitch,Wts,Bts[noit+1][POP+I],ﬂuxperpole[POPH],I]io[P'D]E"H],dss[PO
P+1],dsc[POP+1),Ws[POP+1],Bcs[POP+1],ae[POP+1];




1],4b[noit+1][POP+1],Ar[POP+1], Aratio[POP+1],rsm[POP+1],Lb,¥i,c2 LE’rOP+ 1],rrm[P
OP}1]; |
double :
c3[POP+1],xs[POP+1],ysr{POP+1],yss[POP+1],C4[POP+1],xz[POP1],3 (15>[POP+I],Xm[
POP+1],xsk[POP+1 ],XIm[POP+1],Xom[POP+1],K1[POP+1],C1,F\’J;, [‘l,Iﬂ:iPOPH],rrm
O[POP+1]; '
double
F1[PpOP+1],F2[POP+1],F3{POP+1 ],F4[POP+l],FS[POP+1],F6[P0]+5:1],]I7 [POP-+1],F8[
POP+1],FO[POP+1]; '
double
HI1|POP+1],H2[POP+1],H3[POP+1],H4[POP+1],HS[POP+1],H6[ +1],H7[POP+1].H
S[POP+1LH{POP+1],H10[POP+1],HI1[POP+1] H12{POP+1],H1} | OFPH1],H14[POP+
1],H115[POP+1],H16[POP+1],H17[POP+1],H18[POP+1],H19[POP; : l-l[[POP-H],HZ
1[PPP+1],H22[POP+1],H23[POP+1],H24[POP+1],H25[POP+1], H] i[P( Pr-1],H27[POP
+1]JJH28[POP+1],H29[POP+1],H30[POP+1] H31[POP+1 ],I—I32[POP-+?+ 11,433[POP+1].H
34[POP+1],H35[POP+1],H36[POP+1],H37{POP+1] H38[POP+1];
double eff[ POP+1], bpf[noit+1];

double powf[POP+1],bltowr[noit+1],bbcs[noit+1],bAratio[ng
int i,j,k;

13|

= a

double vbest[noit][NX]={0}, //Declarations were done here
double best[noit+1],minval[POP+1][NX+1],bestk[noit+1];
double
vmipnfNX+1 ], vmax[NX+1],xfPOP+1][NX+1],f{fPOP+1],fifPOP+1],¢
signed int a;
iyt xyz[POP+1}INX+1][SLN+1]={0},val[POP+1][NX+1]
=0} par[POP+1[NX+1HSLN+11={0}:

POP}INX+H];

Lrum |




/f
/D

fou

/lcout<<ns<<"\n";
coecos=16.5,;
L=(370)/(coecos*ns)/1000;
fcout<<DsL<<"\n";
/lc1=(3.14/pole)*Ltowr;
for( 1=1;i<=NX;it+)

fout<<vmin[i]<<vmax[i]; // Min Max values of the generations

}<<endl;

fin>>vmin[i]>>vmax[i]; // Min Max values of the generations “:Ilrer

Jl:ere
out

(I




foy( J=1;3<=NX;++)

ht sum =0,num=0,c.n;
Ilr( k=0,n=SLN:k<SLN;k++.n--)
{
¢ = pow(2.k);
num = xyz[i}[j][n] * ¢ ;

sum +=num,;

vt g

=3

alli][j] = sum;

M********************$************$***

fout<d<endl;

fout<x™n BITS AND CORRESPONDING VALUES n";
for( j=1;i<=POP;i++)
{

fol( j=15<=NX;j++)
{

for( k=1;k<=SLN;k++)
{




fout<<endl:

int dr = pow(2,SLN) -1;
fout4<"VALUES BETWEEN MIN AND MAX \n ";

for(}i=1;i<=POP;i++)

1
1

/

{ fout<<endl,

fo

—

JFLp<=NX j++)

X131 = vmin[j] + ( (vmax[j] - vmin[j]} /dr * val[i]{j] %
aval[i}[j] = x[i][];

ut<< "t "<<val[i] [j]<<"\"<<x[i][j]<<"t";

D=0.107;//between 0.09 to 0.11optimise
L=0.0784;//L=DsL/AD*D}.// between 0.07 to 0.1
polepitch[1]=3.14*D[nt][i]/pole;
Ltowr[i]=L[nt][i)/polepitch[i];
cout<<Ltowr[i]<<"n";//between 0.5 to 1.2constraints if not ch
Li[i]=0.95*L[nt][i];

yss[1]=3.14*D[nt][1]/Sslot;

Tﬂi

e d

2

nd L




:"<<de[i]st[i]<<"\n";ﬁthis min 2.5 to 4.5 according to select Wts

1,5 ad
/ISTA

withit

pml[i];

fout<<"FLUX PER POLE : "<<fluxperpole[i]<<"n";
//CHECK FLUX DENSITY IN CORE
Do}i]=D[nt][i]+0.072;

dsc[i]=20;//minl17 max 26

dss[1}=((Do[i]-D]nt][1]}* 1000-(2*dsc[i]))/2;

/foptimise

Ws[i]=(3.14*(D[nt][i]* 1000-+dss[i]/Sslot)-Wts;
fout<<"DEPTH TO WIDTH OF STATOR SLOT RATIO

Bes[i]=fluxperpole[i]/(2*Li[i]*dsc[1]/1000);
fout<<"STATOR CORE FLUX DENSITY: "<<Bcs[i]<<"n";/
cording to select dsc
TOR WINDING
Kwm=0.8;
E=0.95*V;
/I Tm=450;
Tm[t]=E/(4.44*Kwm*freq*fluxperpole[i]);//Calculate flux per.
limit change Tm
Tpm{[i]=abs(Tm[i}/4);
fout<<"Turns in series per pole : Tpm "<<Tpm[i]<<"n";

fout<<"turns in each coil :\n";

Tm[1]=Tpml[i]*4;
fout<<"TOTAL TURNS IN SERIES FOR MAIN WINDING:

c46{i]=0.121*Tpm([i];c37[i]=0.227* Tpm[i];c28[i]=0.306* Tpmfi

"

thid FlinO.S max

pale gngl Bes if not

Lc1911]=0.346*T

< Thnfi]<<"n";

//LENGTH OF MEAN TURN




-

Tpm]|

i

i

ARE/

h

Lmtm[i]Z(c46[i]*Lml46[i]+c3?[i]*Lml37[i]+c28[i]*Lml28[i]--di
[ ]: ﬁ
fout<<” LENGTH OF MEAN TURN: Lmtm"<<Lmtm[i]<<"\n";

/fconductor size

[=P/(V¥*FLE*PF);

/fIsd[1]=5.// this value between 3 to 5;
am[1]=I/Isd[nt]{1];
Am[i]=2*Tm[i]*am[i];

fout<<" total area of conductors in main winding: Am"<<Am[#<g<"h"

//ROTOR DESIGN

lg[i]=0.32;//optimise length of airgap between 0.32 to 0.7
fout<<"LENGTH OF AIRGAP lg "<<lg[nt]fi]<<"n";
Dr[1)=D[nt][1]-(2*1g[nt][i])/1000;

fout<<"ROTOR DIAMETER: "<<Dr[i]<<"\n";
Rslot=44;

Btr=1.3://this value higher than Bts

Lb=0.0756;

ab[i]=17.//lies between 17 to 25

wb=ab][nt]{i]/Lb;

Arli]=Rslot*ab{nt][i];

Aratio[i]=Ar[1}/Am([i},//this lies between 1 to 2.4 else change at:

torfLmi1ofi)y

fout<<"RATIO OF ROTOR BAR AREA /MAIN WINDING CONDCTOR

Aratio"<<Aratio[i]<<"\n";

//END RING CALCULATION
ae[1]=0.32%Ar[i]/pole;
//RESISTANCE OF MAIN WINDING




JRp—

fout<<" RESISTANCE OF ROTOR REFERED TO AMIN rrih

"<<ern[i]<<"\n";

//REACTANCES

c3[1]=(1.875+(Sslot* 1.78/Rslot)); | _

xs{i]=16*3.14*freq*'l'm[i]*Tm[i]*0.8*0.8*L[nt][i]*4*3.14*0.9&“‘03 [1]/(36*10000
*1000):

fout<<"SLOT LEAKAGE REACTANCE xs “"<<xs[i]<<"\n"]

HZIGZAG LEAKAGE REACTANCE

Wir=Wis-1:

ysr[1]=3.14*Dr[i]/Rslot;//check

C4[1)=Wis* Wir* (pow((Wts),2)+pow({Wtr),2))/(12*1g[nt][i]*p )\ilr((yFs [1]*1000),2
Y*(ysq[i]*1000)};

xz[i]=16%*3.14* freq*pow(Tm[i],2Y*0.8*0.8*Lnt][i]*4*3.14*C 4[ii]l(. 6/ 10000*10
00);

fout<<"ZIGZAG LEAKAGE REACTANCE :xz "<<xz[i]<<"In%;

//IOVERHANG LEAKAGE REACTANCE

xo[1]=16*3.14*freq*pow(Tm[1],2)*0.8%0.8*4*3.14%(
(3.14’|F(D[nt][i]+(dss[i]f1000))*5) )/(10000*1000*6.4* Sslot*pole);
fout<<"OVERHANG LEAKAGE REACTANCE xo"§<xo[Jj¥<"\n";
//magnetising reactance
Xm[i]=16*3.14*freq*pow(Tm[i],2)*0.8%0.8*4*3.14*Lnt][i]*polepgch[i]/(10*(lg

[nt][i}/1000)*1.28*pole* 1.15*10000* 1000);
fout<t"MAGNETISING REACTANCES Xm"<<Xm[i]<<"\n";

//skew leakge reactance
xsk[i]=Xm[i]*pow(0.35,2)*0.95/12;

fout<<" SKEW LEAKAGE REACTANCE xsk "<<xsk[il<<Tn"- 1




Klji]=sqrt( (Xom[i]-XIm[i]}Xom[i] );
fout<<" LEAKAGE FACTOR: Kl "<<Klfi]<<"n";
CI=0.15*P;

FWI1=0.04*P;

TI=CH+FWI;

fout<<" TOTAL LOSSES: Tl "<<Tl<<™n";
//PERFORMANCE CALCULATION
rrmO[1]=0.021* Tm[i]* Lmtm[i)/ab[nt][i];
Im[i[=V/Xoml[i];
F1[i]=(2-pow(KI[i].2)y*rrm[i];
F2[1]=(2*rsm[i]+rrm[i])*rrm(i)/Xom[i];
F3[il=Im[i]*rrmOfi]*rrm[1)/XIm[i];
FAfi]=2*Im{i]*rrm[i];
F5[i=Im[i]*rrm[i]*K][i};

Fé[i]=pow( (Im[i}*rrm[i]*KI[i]),2)*rrm[i];
F7[i]=V*KI[i];

F8[i]=pow( (V*KI[i]),2)*rrm[i};
FO[i]=Cl/(2*V);

fout<<rrm[i}/Xlm[i]<<"n";

H1[i]=0.984:

H2[i]=pow(H1[i],2);

H3[i]=1-H2[i);

H4[i]=H3[i]*rrm{i];

H5[1]=F1[1];

Ho6[i]=H4[1]+H5[i].//U

H7[11=H3[1]*XIm[1]:




H13[i]=H11[i]-H12[i];
H14[1]=F9[i]*H6[i];
double N[POP+1];
H15[i]=H13[i]+H14][i];
N|i]=HI15[i];

H16[i)=sqrt{ pow(N[i].2)+pow(F4[i],2) );
double 11[POP+1];
H17[1]=H16[i]/H10[1];
[[i]=H17[i]:
H18[i]=H3[i]*F7[i];
H19[1]=sqrt( pow(N[1],2)+pow(F4[i].2) );
double I2[POP+1];
H20[11=H19[i]/H10[i];
[2[i}=H20({i];
H21[i]=H1[i]*F5][i];
H22[i]=H21[i}/Hi0[i];
double [3[POP+1];
I3[1)=H22[i];
H23[i]=H3[i]*F8]i];
H24[i]=F6[i];
H25[1]1=H23(i]-H24[i];
H26[i]=H [i]*[1[i]*rsm[i];
double pmyculoss[POP+1];
pmyculoss[i]=H26[i];
H27[{]=L2[i]*12[i]*rrm[i];

double secculossm[POP+1);




for(
{

Cl=H29[i];

H30[i]=H25[]*H2[1]/(H10[i]*H10[i]);
H31[i]=H26[1]+H27[i]+H28[i]+H29[i}+H30[i];
H32[1]=H29[i]+FW]I;

H33[1]=H30[i]-H32[i};

H34[i]=HI[i]*SN;
H35[1]=(60/(2*3.14)y*(H33[i]/H34{i]);
H36[i]=H33[1)/H31]i];

eff[i]=H36[i];

H37[1]=H31[1)/(E*I1[i]);

powi[i]=H37[i];

Hecout<<eff[i]<<" "<<powf[i]<<" "<<H35{i]<<™n";
fout<<eff[i]<<"PF "<<powf[i]<<" "<<H35[i]<<"\n";

Heout<<]3<<" "<<rrm<<" "<<H2§;

=15 <=NX:j++)

fogit<<"\t"<<x[cnt][j];

{
if(i==1)
Dint][j]=x[ent][j]:
if(j==2)
L[nt][j]=x[ent][j];
if(7==3)
Bts[nt][j]=x[cnt][i];




ab[nt][j]=x[cnt][}];

foyt<<endl;

for( i3

fout<<"best"<<bestk[nt];

1 51<=noit;i++)

fout<<noit<<™t";

fout<<endl<<"ITER BEST["<<i<<"] "<<bestk[i]<<"\n";

Hfor( J=1;j<=NX;j++)

{

<<gli]{5]<<" "<<ab[i][6]<<"n";
;
i fut<<"\t"<<PGsJ[i}[j];
}
besfent=1;

for( ig1,)=i+1;j<noit;j++)

{
if(bestk[i]<bestk[j])
{
bestk[i] = bestk[j];

bestent =j;

fout<<D[i][1]<<" "<<L[i][2]<<" "<<Bts[i][3]<<" "<<kd

[i]1}]

<<Il




te<B

"<<[S

"w<B

"<<IS

Cout<J<"LTOWR: "<<bltowr[bestent]<<"\n";

cout

cout

}

s[bestent][3]<<"n"<<"Isd:

H[bestent][4]<<"\n"<<"[g;"<<Ig[bestent][5]<<"\n"<<"ab: "<<ab[
fout<<"LTOWR : "<<bltowr[bestcnt]<<"n";
fout<<"Bes "<<bbcs[bestent]<<"\n";

fout<<"Aratio "<<bAratio[bestent]<<"\n";

cout<<"D: "<<D[bestent][1]<<"\n"<<"L: "<<L[bestcnt]
s[bestent][3]<<"n"<<"Isd:

H[bestent][4]<<"\n"<<"lg:"<<|g[bestcnt][5]<<"n"<<"ab: "<<abl]

<<"Bes "<<bbes[bestent]<<"\n";

<"Aratio "<<bAratio[bestent]<<"\n";

fout<<"D: "<<Djbestent][1]<<"n"<<"L: "<<L[bestcnt 2

cout<<"\n\n\n SUPER BEST "<<"OPTIMAL EFFICIEN
"<<bgstk[bestent]<<"\n "<<"POWERFACTOR: "<<bpf[bestcnt]<<"

DG

[<q"\n"<<" Bts:

stegtlf 6]<<"\n":

J<f"'n"<<" Bts:

stcrrt][6]€<“\n";




