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CHAPTER-1

INTRODUCTION

These motors are very widely used in industries especially in the fractional
kilowatt range. They are extensively used for electric drives for low power constant
speed apparatus such as machine tools, domestic apparatus and agricultural
machinery. There is a large demand for single phase induction motors in sizes ranging

from a fraction of a kilowatt power upte about 3.7 K.W.

Constructionally this motor is more or less similar to a polyphase induction motor

except that

(hH Its stator is provided with a single phase winding.

(2) A centrifugal switch is used in some types of motors in order to cut out

a winding used for starting purpose only.

It has a distributed stator winding under squirre] cage rotor.

1.1 TYPES OF SINGLE PHASE MOTORS

Single phase induction motors may be classified as follows depending on their

construction and method of starting:



(h Induction motors(Split Phase, Capacitor and Shaded Pole etc.)
2) Repulsion motors (also called inductive-series motors).
(3) A .C.Series Motors.
{4) Unexcited Synchronous Motors.
1.2 ADVANTAGES OF CAD

Literally it is a known fact that electrical technology has developed amazingly in
the recent past. But recently it has been chipped and shaped attractively to the final
stage. The incoming of computers in the field of design is yet another land mark in

the field of electrical technology.

The concept of CAD, the modern trend in the design field, has emerged as
a boon to the design engineers. It enables creations followed by rigorous testing of

graphic models without involving the chores of making physical models.

The design procedure resides as a very general software which is user alterable.
The user can alier the design as and when he wanted according to any given
specifications. It is also possible for him to emphasis on any part of design

according to the needs.



SYNOPSIS

Energy Conservation is the foremost talk of the day and efforts are being made
to bring down Power Consumption. In this project an attempt is made to design and
fabricate an Energy Efficient Single Phase, 0.25 H.P, 1440 rpm Induction Motor with the

help of CAD.

Program is written in C language for the design purposes.

To increase the efficiency the Conductor Area and the Core Area are increased
and higher grade of Steel is used. Also  higher grade insulation is used to reduce the

weight of the motor.

The motor is tested and the test reports are presented in the report.



This vital advantage of flexibility in the design procedure is evident when
modifications and alterations are sought after. Apart from the flexibility, the
incredible speed with which the complex mathematical manipulations are done adds to

the versatility.

13+ ADVANTAGES OF INDUCTION MOTORS

The Single Phase Induction Motors are useful for small outputs . It has the

following main advantages.

H Its cost is low and very reliable.

(2) It is very simple and extremely rugged, almost unbreakable in

construction.

3 It requires a minimum of maintenance.

(4) In normal operating conditions no brushes are needed hence frictional

losses are reduced.

(5) It starts up from rest and needs no extra starting motor and has not to

be synchronised.



1.4~ APPLICATIONS OF SINGLE PHASE INDUCTION MOTOR

({A) DOMESTIC APPLICATIONS:

(1) Wet Grinders.

(2) Blowers.

(3) Fans.

) Small pumps (Ex: jet pump).

(5) Conveyers.

(B) INDUSTRIAL APPLICATIONS:

Petro-chemical, Cement, Rubber, Textile, Food processing, Sugar-cane Industries
use single phase induction motors. In these kind of industries such motors are used for

pumping purposes.
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CHAPTER-2
CONSTRUCTIONAL DETAILS

2.1 INTRODUCTION

The construction of Single phase induction motor is similar to that of a three
phase induction motor. However they consist essentially of a stator with running and
starting windings, a squirrel cage rotor, an automatic switch to disconnect the starting
winding w};en the motor has picked up speed and a body and end shield to which these
parts, and also the terminal box, bearings etc. are fitted.

2.2  STATOR

The stator is the stationary part of the induction motor. It is a cylindrical
structure, made up of laminations mounted in a cast iron or die cast aluminium frame.
The stator has tapered slots with parallel sided teeth. The slots house the starting and
running windings. The centre circles are used for punching rotor laminations. The
laminations are either 0.35mm or 0.5mm thick.

The stator laminations are welded at several places around the outfer
cylindrical surface and the stack is later pushed into a frame for assembly.The segments
are held together by axial key bars fitting into dovetailed slots in the outer rim of the
core.The total number of segments is chosen in such a way so as to provide an equal

number of joints in the core flux paths of alternating poles.



Long cores are divided into a number of stacks with radial ventilating ducts in

between ir order to facilitate the cooling. The width of a single stack of core should be

in between 50mm and 60mm.

23 STATOR FRAME

Frames of electrical machines are structures in which stator core is

assembled.They serve four distinct purposes:

(1
2)

3)

G

They enclose the core and windings.

They shield the live and moving machine parts from human contact and
from injury caused by intruding objects or weather exposure.

They transmit the torque to the machine supports, and are
therefore designed to withstand twisting forces and shocks.

They serve as ventilating housing or means of guiding the coolant into

effective channels.

A great varety of designs is employed to meet the above requirements,and to

adapt machines to particular service conditions.

Frames of small machines are made as a single unit.They are provided with feet

by which they are fixed to the base plate. The frames of totally enclosed machines are

provided with axial fins in order to increase the heat dissipating surface.



For induction motors the frame should be strong and rigid both during
construction and after assembly of the machine.This is because the length of air gap is
small and if the frame is not rigid,the rotor will not remain concentric with stator giving

rise to unbalanced magnetic pull.

24  STATOR WINDINGS -

Single phase induction motors are generally wound with concentric windings. They

have two distinct windings.They are:

(1) Main winding (or) Running winding.

2) Auxillary windings (or) Starting windings.

Each is a single layer winding, with the main winding being at the bottom
of the slots. In three phase motors equal slot space is devoted to all phases but in
single phase motors considerably more slot space given to main winding and less to
auxillary winding. The most popular kinds of single phase windings are the

concentric,progressive and skein.

Concentric windings are so named because all the coils for a single pole have
a common centre and different pitches for each individual coil. That is the

individual coils in the pole group are concentric coils of varying sizes.



25 ROTOR

The rotor consists of a block of slotted laminations mounted on a shaft. The slots
form a series of tunnels when the rotor is assembled. The tunnels are filled with
aluminium poured in the molten state. The bars, end rings and fan blades form one
homogeneous casting. In some motors copper bars and copper end rings are used, the
former being brazed into the latter. The rotor slots are skewed so that a quieter
operation is obtained. In large machines the radial ventilating ducts provided in the rotor

are equal to that of the stator.
2.6 SHAFTS AND BEARINGS ~

The air gap of an induction motor is made as small as possible. Therefore the
shaft is made short and stiff in order that the rotor may not have any significant
deflection, as even a small deflection would create large irregularities in the air gap

which would lead to production of an unbalanced magnetic pull.

Ball and Roller Bearings are generally used for low capacity motors. In single
phase motors roller bearings at the driving end and a ball bearing in the non driving end

are used.
27 STARTING SWITCHES -

These switches are required to cut the auxillary winding out of circuit when the



motor has attained about 75% of synchronous speed. Starting switches are centrifugally
operated whenever possible. For most applications, the centrifugal switch is preferable
over the magnetic switch because it is not affected by the line voltage, is more reliable

and is less expensive.

2.8 ELECTROLYTIC CAPACITOR -

Modern capacitor start motors employ A.C ELECT ROLYTIC CAPACITORS. An
A.C electrolytic capacitor is formed by winding two sheets of etched aluminium foil,
separated by two layers of insulating paper into a cylindrical shape. The unit is
impregnated with an electrolyte usually ethylene glycolol or a derivative. An anodic

film is later produced on each foil by electro-chemical means.

The voltage rating of a capacitor is not necessarily same as that of the motor,
it may be less, the same, or more depending upon how it is used. Power Factor of

the electrolytic capacitor is generally of the order of 6 to 8%.
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CHAPTER-3

DESIGN ASPECTS OF STATOR

3.1 OUTPUT EQUATIONS:

The Output Equation for Single Phase Machine is

KVA Input Q CoOxD*xL

Output Coefficient CO =11 x KWM x BAV x AC x 10-3

KVA Input KW /(cos & x t)

DxDxL Q/COo

But normally the rating of the induction motor is given by the HORSE POWER.

Then the KVA Input is

il

Q HP x 0735 /( t x cos @ )

The Horse Power, Efficiency, Power factor and Speed of the machine are
specified. Therefore in order to calculate the value of D x D x L, we must evaluate
Output Coefficient. But the Output Coefficient depends on the choice of the electric

and magnetic loadings (i.e) Values of ac and Bav.



32  CHOICE OF AVERAGE FLUX DENSITY IN THE AIR GAP :

The choice of average flux density depends upon the following factors.

(i) Power Factor :The value of flux density in the air gap should be small as otherwise

the machine will draw a large magnetsing current giving a poor power factor.

(i) Iron Loss : An increased value of Bav results in increased iron loss and

decreased efficiency.

(iii) OverLoad Capacity : An increased Bav value means that flux per is large and if
the number of turns is less, the leakage reactance become small. So the diameter of the
conductor is large which means that the maximum output or in otherwords the machine

has a large OverLoad Capacity.

For 50 Hz single phase machinesthe value of Bav normally lies between

.35 to 0.6 Wb/m}.

33  MAIN DIMENSIONS :

The ratio of core length to pole pitch for various design feature is :

1 Minimum Cost - 1.5 to 2.0

(ii) Good Power Factor - 1.0 to 1.25



(iii) Good Efficiency - 1.5

(iv)  Good Overall Design - 1.0

34  STATOR WINDINGS :

Single layer concentric windings are generally used for stator. In the

concentric windings all coils have a common centre and different pole pitch.

MAIN WINDING TURNS :

Flux per pole mm Bavx m xDxL /P

Total Turns Tm E /444 xfx ®, x kwm)

35 CHOICE OF AMPERE CONDUCTOR PER METRE :

(i) Copper Loss : A large value of ac means that a greater value of copper employed

in the machine results in higher copper loss and large temperature rise.

(ii) VOLTAGE : A smali value of ac should taken for high voltage machines as in

this case the space for insulation is large.

(ii))YOVERLOAD CAPACITY: A large value of ac would result in large number of
turns. This would mean the leakage reactance of the machine would become high and wili

result in reduced value of overload capacity.



For single phase induction motors the value of ampere conductors normally hes

between 5000 to 12000 (ac/m).
3.6 NUMBER OF STATOR SLOTS:
The following factors are considered in selecting the number of stator slots.

(i) Tooth Pulsation Loss: Tooth pulsation losses and noise can be minimised by

using large number of narrow slots.

(ii) Leakage Reactance : With a large number of slots, the machine has higher

overload capacity.

(ili) Magnetising Current and Iron Loss : The use of large number of slots may
result in excessive flux density in teeth giving rise to higher magnetising current and

higher iron loss. The stator slot pitch,

Yss

gap surface / total number of stator slots

T xD/Ss

where Ss number of stator slots
Total number of stator conductors = 2 x Tm

Conductors per stator slot = Zss = 2 x Tm /Ss

The number of slots per pole lies between 9 to 12.



3.7  SIZE OF STATOR SLOTS :

All the stator slots do not have the same number of conductors and some
contain both the running and starting winding conductors. Starting winding conductors

have small cross sectional area, and its effect upon the size is small.

Generally the running winding coil with a large number of turns will determine
the size of the slots. The slot liner is usually 0.3 to 0.4(MM) thick. The ratio of
insulated conductor area to the slot area should never exceed 0.5. Actually this ratio

should not exceed 0.35 if the winding process is made easy.

Area required for insulated conductors = Zs x (7 / 4) x d1 x dl

where Zs is the total number of the conductors.

d1 is the diameter of the insulated conductor in mm,

The slot area provided in the stamping is calculated by multiplying the mean width

by the depthe of the slot.

The average slot width,

Ws(av)

m x (D + dss)/Ss - Wis

where dss depth of the stator slots



width of the stator tooth

3

Ss number of the stator slots.

Area of each slot Ws(av) x dss

3.8 STATOR TEETH:

We should check the flux density in the stator teeth in order to see that it is not
excessive. The stator tooth density Bts can generally be from 1.4 to [.7 Wb/m® If the
low losses and noise are important or if the motor is totally enclosed, the lower
densities should be used. For general purpose machines a flux density of 1.45 Wb/m’

is taken while for high torque it may go up to 1.8 Wb/m?,

As stacking factor of 0.95 is taken,

Nett iron length Li = 095 x L

Flux density in the stator teeth,

Bts = ® m/((Ss/p xLi x Wts)



3.9 STATOR CORE :

The flux density in the stator core should not exceed 1.5 Wb/mj.

Generally it lies between 0.9 to 1.4 Wb/m®,

Flux in the stator core = Pc = DdDmf2
Flux density in the stator core,
Bcs = ® m /(2 x Li x dcs)

where dcs is the depth of the stator core.

Area of the stator core = i x des

Outer diameter of stator laminations,

Do

D + 2(depth of the stator slots + depth of core)

Do D + 2dss + 2dcs.

LENGTH OF MEAN TURN :

The length of the mean tum for each of the coils per pole of a concentric

winding,

Lmt = 8.4 x (D + dss)/Ss x Slot span + 2 x 1



CHAPTER-4
DESIGN OF A1R GAP

The following factors should be considered when estimating the length of the air

gap.
(i) Power Factor : If the power factor increases then the length of the air gap reduces.

(i) OverLoad Capacity : The length of air gap affects the value of zig-zag leakage
reactance which forms a large part of total leakage reactance in the case of induction
motors. If the length of air gap is large, the zig-zag leakage flux is reduced resulting

in a reduced value for leakage reactance. So the overload capacity will increase.
(iii) Pulsation loss : The pulsation loss is less with larger air gaps.

(iv)  Unbalanced magnetic pull : If the length of air gap is small even a small
deflection or eccentricity of the shaft would produce a large irregularity in the length

of air gap and is responsible for the production of large unbalanced magnetic pull.

(v} Cooling : If the length of air gap is large the distance between the stator and

the rotor is large. This would provide a better ventilation or cooling.

{vi) Noise : The noise of the motor is reduced by increasing the length of the air

&ap.



The

millimeter.

@

(ii)

(iii)

(v)

following

empirical relation gives the value of length of alr gap in

0.007 x rotor diameter / v p

I

02+2{(DxL)
N
0.125 + 035 x D + L + 0.015 x Va

02+D



CHAPTER-S
DESIGN OF SQUIRREL CAGE ROTOR
5.1 NUMBER OF ROTOR SLOTS :

The selection of number of rotor slots in squirrel cage motors 1is very impé)rtant
and a considerable attention should be paid to select a suitable value. This is because
with certain combination of stator and rotor slots the machine may refuse to start or
may crawl at some ssynchronous speed. In some cases severe vibrations may be set
up generating excessive noise. The effects are produced be harmaomic fields. The

harmonic fields are due to :
) Windings
(i1) Slottings
(iii)  Saturation
(iv)  Irregularities in the air gap.
The difference between the stator and the rotor slots should not be equal to
i) 0,+p,+2p,+3p, t3p-——-- > To avoid synchronous cusps.

(i) 21,2, +(pzl)z(p=2)-—--- > To avoid noise, vibration.



52  AREA OF THE ROTOR BARS :

The cage rotor winding may be either of copper bars and end rings or of cast
aluminium. Also techincal advantages lie with copper but manufacture is cheaper with
cast aluminium. Also with cast rotors, the joints between bars and end rings are

eliminated.

A high rotor resistance is desirable from the stand point of starting torque and
current but leads to high slip and poor efficiency. The total rotor copper section is

generally 0.5 to 0.8 of total stator copper section.
Total cross section of rotor bars Ar = Sr x ab
where,

ab

area of each bar, mmj}

1

Ratio ArfAm 0.5 to 0.8 for copper rotors

Since aluminium, generally used for this purpose,has a resisitivity approximately

twice that of copper, total bar area must be two times the area required for copper.

Ratioc ArfAm = 1.0 to 1.6 for aluminium rotors.



5. SHAPE AND SIZE OF ROTOR SLOTS :

a2

The rotor slots for squirrel cage rotor may either be closed or semi -closed types.

Closed slots are preferred for small size machines because the reluctance of
air gap is not large owing to absence of slots opening.lt reduced magnetising
current.as surface of rotor is smooth,the operation of machine is quieter.advantage is that
leakage reactance is large therefore the current at starting can be limited,so we can used
to start with direct on line starters.But the result in reduced the overload capacity.Buy

semi-closed slot gives a better over load capacity.

5.4  ROTOR BARS:

The rectangular shaped bars and slots are generally preferred to circular bars
and slots as the higher leakage reactance of the lower part of the rectangular
bars,during starting,forces most of the through the top of the barlt gives increase
rotor resistance at starting,so improves the starting torque.The value of resistance
depends upon current density used for rotor conductors. Current density of rotor taken

as 4 to 7 A/mm?,

5.5 END RING :

The stator field produces emfs of fundamental frequency in the bar. The

magnitude of emf in the bar are assumed to be infinitely distributed, the distribution



of emf can be considered as sinusoidal in the bars over a pole pitch. This emf
produced in the bars would circulate currents. The resistance of end rings is negligible
when compared with that of the bars, the resistance coming in each current path 1s the
resistance of two bars. Thus the current which the bars carry would be proportional 1o

their instantaneous emfs which in turn depend upon the position of the bars in the

magnetic field.

The maximum value of the current in the end ring is

Ie(max) bars per polef2 x current per bar

Srf2 x Ib(max)

56 ROTOR TEETH :

The width of the rotor slot should be such that the flux density in the rotor teeth
does not exceed about 1.7 Wb/m?. The maximum flux density occurs at their roots

as their section is minimum.
Minimum width of the rotor teeth,
Witr(min) = mm /(1.7 x (Stfp) x Li)

Minimum width of tooth actually provided



Wtr = Rotor slot pitch at the root -Rotor slot width.

= . (Dr -2 x dsr)/Sr - Wsr

Where, dsr

Depth of the Rotor slot.

Wsr

Width of stator slot,

5.7 ROTOR CORE :

The flux density in the rotor core is generally equal to the Stator core density.

Depth of rotor core = ® m/(2 x Ber xLi)

Where, Ber = Flux density in the Rotor core.

Inner Diameter of Rotor Lamination,

Di

Dr - 2 x (dsr + den)

The flux density in rotor teeth and core can be taken slightly higher than those

in the stator teeth and core.
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CHAPTER-6
SOFTWARE
6.1 ALGORITHM
STEP :01 :-

For the design of single phase induction motor the input requirements are
Rated Voltage, Horse Power, Speed,Efficriency, Power Factor, Specific Magnetic

Loadings and Specific Electric Loadings.
STEP :02 :-
Winding factor of the Main winding is calculated by following equation.
Pitch factor of coils = sin (coil span/slots per pole)

winding factor of concentric winding is,

[l

Kwm Sum of product of pitch factor of each coil to tums

in each coil divided by total turns per pole.



STEP :03 :-

The main dimensions are obtained by the following equations.

h ns = n /60

@ <0 = 11 x Bav x ac x kwm x 10
3 Q = opxi0%(t xcos®)

(4) DXL = Q/(c0 x ns)

Core diameter can be obtained upon the Length to Pole pitch ratio.

STEP :04 :-

The flux per pole in stator,

dPm = Bavxn xDx L/P

STEP :05 :-

Main winding parameters are desinged by the following equations.
(1) Induced voltage, E = 095 x V
(ii) Total series turns in main winding is :

Ts

Il

E /(4.44 x Kwm x f x min)



(iii) Total turns per pole, Tp = Ts/P

(iv)  StatorRatedcurrent,Is=op/{vxcos dx 1)

(v} Area of the main winding, Am = ls/Ids.

Where,

Ids

I

Current density in Main winding.

Ids is lies between 7 to 9 A/mmxmm

(vi)  Diameter of the Main winding is, dm = v (Amx4/ 7 )

(vii) Length of Mean turn of main winding is

Lmt = 8.4 x (D + dss)/Ss xslot spanned + 2 x 1

STEP :06 -

Winding factor of axillary winding.

pitch factor of aux winding for coils

= sin ((coil span +1)/slots per pole)

sum of product of pitch factor of each coil to turns in each coil
Kwa= - S e e e e

total turns per pole in aux winding.




STEP :07 -

STARTING WINDING DESIGN :

Starting winding parameters are found out by the following equations.

(i) Total no of turns Ta =k x Ts x Kwm [/ Kwa

It

(ii) Total turns per pole Tpa =Ta/P

(iti)  Area of the aux winding,

it

As Area of the main winding / 2 to 2.4
(iv)  Dia of the aux winding =da={ (Asx 4/ 7))
(v) Length of mean turn of aux winding is,
Lmts = 8.4 x (D + dss )/Sr x slot spanned + (2 x L }
STEP : 08:-

STATOR SLOT DESIGN:

The stator slot parameter are obtained by the following steps



(i) stator slot pitch = Ssp = m x T/ Ss

(ii) Depth of the stator core dsc = ® m /(2 x Li x bes;

where bes is the flux density in the stator core ( 0.92 to 1.4 wb/m?)

(ili)  Width of the stator teeth = Wst = @ m/ ({ss/p)xLixbst
where Li = 095x L
bst = flux density in the stator { 1.4 to 1.7 wb/m})

(iv)  Slot area conductor area/ space factor
(Normally the space factor = 0.5)

Conductor area = 2x Tm x Am

STEP : 09:-

Length of air gap =g =02 +2x+v (Dx L ) mm

where D & L are in metres.



M

(i1)

(iii)

STEP : 10 -

DESIGN OF SQUIRREL CAGE ROTOR:

Normally Squirrel cage rotors are used in the single phase induction motors.

The values are calculated by the following eqns.

Rotor outer diameter Dr

stator inner dia - 2 x length of the air gap

Dr = D-2xlg

Total conductor section in stator,

= Tew = 2XxTmx Am

(a Copper rotor:

Total conductor section in the rotor =0.55xTcu

(L) Aluminium rotor:

Total conductor section in the rotor = 1.1 x Tcu



where

(iii)

(iv)

v)

(vi)

STEP : 11 :-

ROTOR SLOT AND BAR DESIGN :

The rotor slot parameters are obtained trom the following equations.
(1) Rotor Slot Pitch = m x dr /Sr

(ii) Width of the Rotor Teeth,

Wir ® m /((Stfp) x Li x btr)

btr

flux density in the rotor teeth. Its value is slightly more

than the flux density in the Stator Teeth(bts).

Depth of the Stator Core,

dsc = ® m /(2 x Li x ber)

Bar Current Ib = 2xixcos @ xtsx kwm /Sr

The Bar Width and Depth are equal to the slot dimensions(excluding neckr).

The Length of each bar = Lb = v (L} + Ssp}}

The Rotor Bars are skewed by one slot pitch in the Rotor slots.



STEP : 12 :-

END RING DESIGN :

The End Ring Parameters are obtained by the following formulae.

(i) Area of the end ring = 0.32 x tesr /p

where tcsr is total conductor section in the rotor

In this case the current density in bars is assumed to be equal to the current

density in the end ring.

The depth and thickness are selected depending upon the area of the end

ring(Assign the value of depth in order to find the thickness of the end ring).

(i1) End ning current le = Srx Ib /( © x p)

STEP : 13 :-

(i) Gap Contraction of the Stator Slots,

Kgs = Ys/ (Ys - Kes x Wo)



where

Wo is Slot opening of SemiclosedStatorslots

Kcs Carter's Gap Coefficient.

FAL+5x(g/ Ws))

where Ws is the width of the Stator slots

(i1)

(iii)

(1)

(1i)

Gap Contraction Factor of the Rotor Slots(Kgr) are found out in the similar

manner as that of the Stator Slots.

Gap Contraction Factor of the Machine,

Kg Kgs x Kgr
STEP : 14 :-

RESISTANCES AND REACTANCES OF THE WINDINGS :

Resistance of the Stator Windings, Rotor Bar and End Ring Resistances at 20
degrees and 75 degrees are found out by the standard formulae of the Induction

Machines.

Specific Permeance of Stator, Rotor and Zig-Zag Leak age are found out by

using the standard formulae of Semi Closed type slots.



(iii)  The Slot Leakage Reactance, Zig-Zag Leakage Reactance,Over-Hang Leakage
Reactance and Magnetizing Reactance are found out by standard formulae of the

Semi-Closed Slots type Induction machines.

STEP : 15 :-

CAPACITOR DESIGN :

{i) Capacitive Reactance required for maximum starting torque,

Xc

Xla + (Ra + Rm) /(Zm + XIlm)

where Xla = Total Leakage Reactance in terms of Auxillary Winding.
Ra = Total resistance in terms of Aux wdg.
Rm = Total resistance in terms of Mainwdg
Zm = Locked Impedance of Main winding.
Xlm = Total Leakage Reactance Referred to Main winding
{ii) Capacitance C =10°/ (2 x 7 xfx Xc)

(iii) We should select the nearest and also the smaller value of the Capacitor

available in the Market.
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include <stdio.h»>

include <string.h>

include <math.h>

include <conio.h>

include <graphics.h>

include <stdlib.h>

include <dcs.h>

define k 1.53.

void mainy{)

{
int ac¢=10000,c3,c6(10],3,31.33,.j4.ksl, ks2,ns,n,
rx,rs,rv,ta,tpm,tppa, tta,ttm,x3,x4,2,23,25;

#* H o ¥ W R

flcat a,ab,atg,asw,aer,abl,add,aos,aa,al,ats,atr,atcs,atcr,até6o,
atst,atrt,atsc,atrc,aeid,bav=0.4582,bcs=1.2,bcr=1.4,bst=1.45,bb,b60,
btsl,btséd,.btred,btrl,c0,c[10),cl(10),c2[10]),c4{10],¢c5([10],cap,c?,Ch,
cty,Tg,Ccus, cur,cue,cc,cx,clsp,ced, ceis,
d,d1,dsc,d0,dss,.dob,dcr, dr,doe,dors, dero,deri,dem,dss0,
e,eff=0.9,exrr,effl,ermw, fpp, fdt, fwl, fdsc,
h,he,ist,isc,i,1im,11,10,id=7.5,1ib,ie, ip, idr, ics, ldos,
k1l,k2,xr=0.96,kqg,kwm, kgss, kgsr, kwa,kcs,kcr, k1,
1,11,1b,1g,1n1,1n2, lrcm, lrca, lmt [10], imtm, Imgn, Imts, 1ip, Imta{10], 1dis,
lded, imty, lipr, 1cs, lor, max, msc, m, ntm, nlpf, neck, neckr,
op,opl,ocs,pf,pac,pl.p.g.ql,r,rl,rri,rr2,rsp,rsw,rr,rsl,rs2, rrm,
sa,ssp, spz,scri,scr2,slht,sps,spr,sar,sct,scpf,st,spp,ss,sr,sd,tr,tlds,
tou,tld,ttx,tty, tsc,trst,tirs, tesm, tesr, tosb, toe, tts, tim, til, trrs, trsw, tlrs,
trmw,tl,tcm,tnl, w0, worb, wtr, wsst, wors, wgs, wst , wgt , ws, wo, wrt,wtsl, wtrl,
va,vae,x,x0, X0, XC,Xs,XzZ,Xm,xcl,x6,x5,xsl,xlm,xom,y,2zl,z2,za, zm;

int arr(6]={35,50,70,11C,135,225},
ar[S]={0,3000,1500,1000,750},
ssal[8]={0,54,36,32,30,28,24,18},

aw[16]1={0,12,18,25,40,46,60,90,120,
180,250,370,550,750,1100,1500};

float  adss(16]1={0,0.003,0.004,0.005,0.007,0.008,0.009,
0.011,0.013,0.015,0.017,0.019,0.022,0.025,
0.028,0.030},

bt [35]={0,0.3,0.4,0.5,0.6,0.7,0.8,0.9,0.95,1.0,1.05,1.1,
1.15,1.2,1.25,1.3,1.35,1.4,1.45,1.5,1.55,1.6,1.65,
1.7,1.75,1.8,1.85,1.9,1.95,2.0,2.05,2.1,2.15,2.2,2.25, ;,

at[35)={0,170,180,200,210,220,300,330,350,400,410,420,450,
500,600,700,900,1100,1450,1700,2400,2900,4000,5C00,
70C0,9000,1200C,14000,19000,26000,34000,42500,
50000, 70000, 95000} ;

int gd =CGA, gm=CGACl;
initgraph(&gd, &gm, "c:\\tc\\bgi");



settextstyle(1,0,2};

setcolor(9);

outtextxy (0,0, "ENERGY EFFICIENT MOTOR") ;
delay (3);

settextstyle(1,0,3);
outtextxy (50, 35, "GUIDED BY");
sertexcstyle{l,0,3);
outtextxy (70,70, "Mrs.N . KALAIARASI B.E");
delay(3);

cleardevice () ;

cuttextxy (10,10, "DONE BY") ;
settextstyle(1,0,1);

outtexcxy (40, 40," S.RAMAKRISHNAN") ;
outtextxy (60,70, " R.RAMESWARAN") ;
outtextxy (80,100," K.P.THIYAGARAJAN") ;
outtextxy(100,130," R.S.RAM KUMAR") ;
delay (2} ;

cleardevice () ;

settextstyle(1,0,2};
outtextxy (40,40, "SPCNSORED ") ;
outtextxy(70,70.," BY");

outtextxy (100,100, "STARK MOTORS") ;
delay (2);

cleardevice();

settextstyle{l,0,2);

outtextxy (120,40, "DESIGN") ;

outtextxy (140,70, "OF") ;
settextstyle(3,0,3);

outtextxy (20,100, "SINGLE PHASE INDUCTION");
cuttextxy (110,130," MOTOQRS");

delay(3);

cleardevice() ;

settextstyle(1,0,2);

outtextxy (75,75, "INPUT DATAS") ;

delay (3);

closegraph () ;

clrscr();

/**************************************t***t*************T************

STATOR

R R AT T T )
printf ("PLEASE ENTER ALL MACHINE PARAMETERS IN SI UNITSA\n");
princtf{"\n /. /.S LSS

printf ("\n 1.HIGH SPEED MACHINE {3000 RPM] ") ;

printf{("\n 2 MEDIUM SPEED MACHINE {1500 RPMI] ") ;

printf{("\n 3.SLOW SPEED MACHINE {1000 RPM] ") ;
)

printf{"\n 4.VERY SLOW SPEED MACHINE [750 RPM]"
princf("\n ././././. /. /. /0SS S
printf("\n ENTER YQUR MACHINE SPEED :");

scanf ("%d",&33) ;

n=ar (i3] ;

p=6000/n;

printf ("\nSTANDARD VALUES OF MOTOR CUTPUT IN WATTS");

PTANCE(N\D./ ./ /) S TS TS S ST TS
printf{"\n 1: 12, 2: 18, 3: 25, 4: 40, 5: 46, ")

;



printf("\n 6: 60, 7: 90, 8: 120, 9: 18O, 10: 250¢, i

printf{"\n 11: 37C, 12: 550, 13: 750, 14: 1100, 1%5: 1:00."5;

printf("\n./././ ./ S S ST

printf ("\n ENTER YOUR REQUIRED CUTPUT POWER {(WATTS) CHOICE:");

scanf {("%¥d", &z3) ;

op=aw([z3];

dss0=adss [23] ;

printf('enter the powerfactor :");

scanf ("%f", &pf) ;

printf ("enter the rated voltage of machine :"];

scanf ("%¥d4", &xrv) ;

DI AL E ("Il ~ o v e e e e e v v e "

printf{"\n 1.54, 2.36, 3.32, 4.30, 5.28, 6.24, 7.18 ");

PEANTE { NIl o o e v e e e e o i e Y 2 g e e e e ")

printf (*\nENTER YOUR STATOR SLOT(SS) CHOICE:");

scanf ("%d",&j4) ;

ss=szalj4l; /*

MMMMMMMMMMMMMMMMMMMMMMVIMMIMMMMIVRBMIVMIVMVIVEV VMMMV MM MMMMIMMMMMMM MMM M MMMMMIMMM
WINDING FACTOR OF THE MAIN WINDING

MMMMMMMMMMMMYMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM.—— >/

%
k2=ss/ (2*p) ;

x4=1
x3=2?Q2;7>

x5=0;
forij=1;j<=(int)k2;j++)
{ %
toy={({x3-x4)/(2*k2))*90*(3.141592654/180) };
clil=(sin(tty));

x5=x5+c[j];

kwm=0;
for(j=1:i<=(int)k2;3i++)
{
cl[jl=cijl/x5;
kwm=kwm+c [J] *c1[j];
}
MVvMMMMMVMMMMMMMMMMMMMMMMMIVMMIVIMIM MIVIMMIMIVIMMIMIMIVIMIVVEVIMVIVIMMIMIVIVIVIVIM VM MIMIMIVIM MIMIMMIMIVIM MMM
MAIN DIMENSIONS CALCULATIONS
MMMMMMMMMVMMY-MMMMMMMVIMMMMMMMMMMMMMMMMMMMDMVMIMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM. *
ns=n/60; /** ns REFEERS TO THE SFEED IN RPS **/
c0=11.0*bavrac*kwm*ie-3; /** c0 REFEERS TO OQUTPUT CO-EFFICENT**/
m=(op*le-3)/{(cOxeff*pf*nsg); /**m REFS TO THE D*D*L VALUE **%x/
printf( " MACHINE CHARACTER TABLE \n");

printf (" /. /.0 S AN )
printf (" 1, minimum cost \n");

printf (" 2. good power factor \n");

printf(" 3. good efficiency \n");

printf (" 4. good overall design \n");

princf("./. /.00 S S S A
printf ("enter your choice :");
scanf ("%d", &z} ;



switch(z)
{
case 1l: printf ("enter the values between 1.5 to 2.0\n");
scanf ("%f", &x};
pl=x*22.0/(7.0*p);
break;
case 2: printf("enter the values between 1.0 to 1.S\n"};
scanf ("$E", &x} ;
pPl=x*22.0/(7.0*p};

break;

case 3: x=1.5;
pl=x*22.0/1(7.0%p);
break;

case 4: X=1.0;

pl=x*22.0/{7.0*p);
b
/* pl REFERS TO THE L/D VALUE */

y=m/pl;

d=pow(y,0.3333333);

tou=1{3.142857143*4d/p) ; /**tou REFEERS TC POLE PITCH COF MACHINE*~*/
l=tou*x;

11=0.85%*1;

fpp=bav* (3.142857143*d*1/p) ;

MvvvvVMIVIMMMMVEYIVIVIVMVIMVIVIMIVIVIVIVIMDVIVIVVIMIVIVEVIMMMIVIMMVIVIMMMIMIMMMIVIMMMIMMMMMMMMMMMIMIMMMMIVMDMIVIM
CONDUCTOR CALCULATIONS

MMMMMMMMMMMMMMMMMMMMVIVIVIVIMMMMMMMMMMMMMMMV Y MMMMMMMMMMMMMIMMMMMMMMMMMMMMMMMMMM

e=0.95*rv; /* e REFERS TO INDUCED EMF OF THE MACHINE */

ntmée/(4.44*kwm*50*fpp);/* ntm REFERS TC THE NC OF SERIES TURN MAIN WDG */

cpm=ceil {ntm/p) ;

Ctm=tpm*p;

T “-:t>

/* tpm,ttm REFERS TO TURNS IN SERIES/POLE & TOTAL TURNS IN MAIN WDRG */

i=op/(rv*pfreff);

a=i*le-6/1id; h /**AREA OF MAIN WINDING IN SQUARE METER**/
zl=sqrt(28.0*a/22.0);
C3=0;

for(j=1;j<=(inc)k2;j++)}
{
c2ljl=ceil{cl[j]*tpm);
c3=c3+c2(jl;

}
x3=2*k2;
x4=1;
for{j=1;j<={int)k2;j++)

{

S

Imt [(§)1=(8.4* (d+dssC) /ss) * (x3-x4)+2*];

for{j=1;Jj<={int)k2;j++}
Imtn=c2 [j]*imt [j] +1mtn;

e



latm=lmtn/tpm; /**1mtm REFEERS TQ LENGTH OF MEAN TURN**/

AMMMMMMMMMMMVMMMVMMMMMVMMMMMMMMMVVVIMMMMMMEYEVIVIMMMMM MM VEVIVIMIMMMMVMMMMMMMMMMMM MMM
WINDING FACTOR OF STARTING WINDING

IVMMMMMMMVEMMMMMMMMMMMMMMMMMMMMMMMMVMMMMMMMMMMMMMMMMMMMMMMMYMMMMMMMMMMMY MMM

x3=2%k2+(int)k2+1; S¥ ¥ "

x4={int)k2+1;

X6=0;

for(j=1;j<=(int)k2;j++)

{ g.
LCX=(X3-%4)/(2*k2)*90%3.14/180;
c4 [jl=sin(tex);

X6=x6+c4 {j];

}
kwa=0;
for{j=1;3<={int)k2;j++)
{

c5{jl=caljl /x6;
kwa=kwa+c4 [j]*c5[j];
Pﬂﬂﬂ;ﬂ4%ﬂW@m@@@@@&44@@@@mmm@mmmWﬂﬂﬂd@dﬂﬂﬂﬂﬂﬂﬂﬂﬂdﬂ%ﬂﬂqmﬂdﬂﬂﬂMMMMMMMMMMMMMM
STARTING WINDING DESIGN
MMMMMMMMMMMMMMMMIMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM %/
ta=ceil{k*ttm*kwm/kwa) ;

tppa=ceil{ta/p); /* TPPA REFEERS TO TURNS PER POLE IN AUX.WINDING*/
tta=tppa*p;/' /* tta REFEERS TO TCTAL TURNS IN AUX.WINDING=**=/
al=a/2.2; /** al REFEERS TO AREA OF THE STARTING WINDING *=*/
z2=sQrt {28.0*%al/22.0);

lmty=0;

x3=2*k2+ (int) k2+13 BX
X4=(int)K2+1;
for{j=1;j<=(int)k2;j++)

{
céljl=ceil (¢5(]j]*tppa);
Imraljl=8.4*(d+dss0) /ss* {x3-x4} +2*1;
X3--;
Xd++;
Imty=1lmcy+cé6 [j] *1lmtalj];
}
lmes=1mty/tppa; /**lmts REFS TO LENGTH OF MEAN TURN OF STARTING WDG**/ /*

MpaMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM
STATOR SLOTS DIMENSIONS

MMMMMMMMMMVNMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM

neck=0.7787; 1ip=2.228; /**BOTH ARE IN MM#***/

/****gcrl REFS TO DIAMETER OF THE BOTTOM SEMI CIRCULAR SLOT**=xxx/

/****scr2 REFS TC DIAMETER OF THE UPPER SEMI CIRCULAR SLOT*#*#wx/

55p=3.142857143*d/ss; /**** gsp STATOR SLOT PITCH*x**xx%/
dsc=fpp/(2*1ll*bcs); /****=*pbcs lies b/w 0.9 to 1.4 wh/sq.mrxx/

wst=fpp/ (ss/p*ll*bst);/*bst REFS TO THE FLUX DENSITY IN THE STATOR TEETH* /
tts=wst*gss*1*0.95;

scri={22/7.0*d/ss)-wst;

scr2={22/7.0% (d+dss0) /ss) -wst;

* /

./



max=0;
for (3= (int)k2,3j1=2;3»=2,3l<={int)k2; J--,Fl++)

i

aa=c2[jl*a+c6[jl] *al;

if {aa>max}

max=aa;

}
bb={(c6[1)+c6[1])*al;
if (bb»aa)
max=bb;
cc=c2i{1l] *a;
if (cc>max}
Mmax=cc;
max=max+0.00002;
3a=11/0.5)*max; /****sa REFS TC THE SLOT AREA* % x %% /
asw={scrl+scr2)/2.0;
ab=sav{(3.142857143*scr1*scrl/8.0)+(3.142857143*scr2*scr2/8.0));

slht=ab/asw; -
dss=neck*le-3+scrl/2.0+slht+scr2/2.0; /**dss REFEERS TO DEPTH OF STATOR SLOT**/
do=d+2*dss+2*dsc; /*** d0 IS THE OUTER DIAMETER OF STATOR LAMINATION®*/

/*aws REFERS TO THE AVERAGE WIDTH OF THE STATOR SLOTS***kxw®*x /

MMMVMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMYMMMMMMMMMMMMMMMMMMMMMMYMMMMMMM

LENGTH OF AIR GAP
MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM */

1g=0.2+2*sqgre {d*1); /***1g REFEERS TO LENGH OF AIR GAP (MM) *x** /

/***********t********************************‘k*t************************

ROTOR DESIGN
*******t**********t*************************t********************w****&*/
dr=d- (2*1lg*le-3) ; /***dr REFERS TO DIAMETER OF THE ROTOR (M) *** /
sr=8s+(2*p); /***sr REFERS TO ROTOR SLOTS ***/
tocsm=2*ttm*a; /**tcsm REFS TO TOTAL CROSS SECTION IN MAIN WDG**xkx* /
Printf{"\N ~ e e e e e "y,
printf{"\n 1:COPPER ROTOR ");
printf ("\n 2:ALUMINIUM ROTOR "};
PYINCE (TNN v e e e e e i e "y
printf ("\n ENTER YOUR MOTOR ROTOR CHOICE:");
scanf {("%d", &z5) ;
switch(z5)

{

case 1; tcsr=0.55*%tcsm; /**tcsr REFS TO CONDUCTCR SECTION OF ROTOR***/
break;

case 2: tesr=1.1*tCcsm;

) ‘e

MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM
ROTOR SLOT DESIGN

MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM - %/

neckr=1.,0668; lipr=1; /**BOTH ARE IN MM**=*/

rsp=3.141592654*dr/sr; /*****rgp REFS TC THE ROTOR SLOT PITCH****/

ip=2*i*pf*ttm*kwm/sr; /****ib REFS TO THE BAR CURRENT***/

wtr=fpp/ ((Sr/p)*11*1.5);/**btr = SLIGHTLY > THAN bts{1.5)*****/

WOrs=rsp-wtr; /***wors REFS TO THE WIDTH OF THE ROTOR SLOT**/

aer=0.32*tcsr/p; /****x3er REFS TO THE AREA OF THE EACH END RING*****/



aer=aer+0.0001; ’
tcsb=tcsr-2%aer; /***tcsb REFS TO AMOUNT OF CONDUCTOR IN BARS*™**/
if(z5==1}
{
worb=wors-le-3;/**worb REFS TO THE WIDTH OF THE BAR* *** /
dob=tcsb/worb; /**dob REFS TO THE DEPTH OF THE BAR***#®%/
dors=neckr*le-3+dob+2e-3; .
} /**dors REFS TO THE DEPTH OF THE SLOT WITH INSULATION***/

else
{

worb=wors;

dob=tcsb/worb; /***dob REFS TO THE DEPTH OF THE BARG** *** /

dore=neckr*le-3+dob;/***dors REFS TO THE DEPTH OF SLOT *¥*=/
dcr:fpp/{2.0*ll*bcr); /***dcr REFS TO THE DEPTH OF THE ROTOR CORE*™** /

/***hcr REFS TO FLUX DENSITY IN THE CORE *=***/
idr=dr-dors-dcr; /** idr REFEERS TC INNER DIAMETER OF ROTQR*** /
abl=dob*worb; /****ahi REFS TO THE AREA OF THE BAR**** /
ib=sqgrt {l*l+ssp*ssp) ;/**1b REFS TO THE LENGTH OF EACH BAR***/
sd=1idr; /*
MMMMMMMMMMMVMIMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMIVIv MMMMMMMM MMMMMMMMMM
END RING DESIGN
MIVIMMVIVIVMMMVMMMMMMMYMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMVVIMMMM v/
ie=sr*ib/(3.141592654*p); /****ie REFS TC THE END RING CURRENT*** /
doe=10e-3; /***doe REFS TO THE DEPTH OF THE END RING****kwx* /
roe-aer/doe; /***toe REFS TO THE THICKNESS CF THE END RING***/
dero=dr-3*le-3; /***ders REFS TO THE OUTER DIA OF THE END RING***/
deri=dero- (2*doe); /***deri REFS TO THE INNER DIA OF THE END RING***/
dem= (dero+deri) /2.0; /***dem REFS TO THE MEAN DIA OF THE END RING***/ A
MMMMMMMMMMMMMMMMMMMMYMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM
GAP CONTRACTION FACTOR

MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMVYIMMIMMMMMMMMMMMMMMMMMMMMMMM

kcs=1/ (1+(5*1g*le-3/wst)); /**kcs IS CARTER’S CO-EFFICIENT FACTOROF STATOR**/
kgss=ssp/ (ssp-kcs*lip*le-3) ;/**kgss IS GAP CCNTRACTION FACTOR OF STATOR SLOTS**/
kcr=1/(1+(5*ig*le-3/wtr)}; /** kcr IS CARTER’'S CO-EFFICIENT FACTOR OF ROTOR**/
kgsr=rsp/ (rsp-kcr*lipr*le-3);/**kgsr IS GAP CONTRACTION FACTOR OF ROTOR SLOTS**/
Kg=Kgss*kgsr; /**kg IS GAP CONTRACTION FACTOR OF MOTOR***/

MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMVIVMMMMMMMMyiM MV iMyivMMMMMMMMMMMMMMMM MMM MIMMMMMM
RESISTANCE AND INDUCTANCES OF WINDINGS

MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMVIMVMYMVIMMMIVIVMYIVIMMMMMMMMMMMMMMMMMMM MMM
/**MULTIPLY FACTOR QF NON UNIFORM CURRENT DISTRI IN ENDRING**/ .
rsi1=0.021*tcm*1mtm/ (a*le6} ; /****RESISTANCE AT 75C OF STATOR WINDING****=*/
rs2=0.017*ttm*lmtm/ {a*led} ; J****RESISTANCE AT 20C OF STATOR WINDING*~**/
rr=0.021*1b/ (abi*1le6) ; /****¥r;= RESISTANCE OF ROTOR AT 75C***/
err=0.021*den/ (aer*le6); /**err=END RING RESISTANCE AT 75C**/
rrili={8.0*ttm*ttm*kwm*kwm*0.021* ( (1b/(sr*abl*leé&) )+ (2*dem*kr/ {3 .142857143 " p*p*ac 1~
rr2=(0.017/0.021) *rr1;
trst=rsl+rrl; /***trsc=TOTAL ROTOR RESIS IN TERMS OF START WDG****/
/*** rrl,rr2 ARE REFEER2S TO RESISTANCE REFERRED MAIN WINDING AT TS, 200 xx*/
c7=0;
c8=0;
for(j=1;j<={(int}k2;j++)

{

c7=c7+c2(5];



cB=cB+(c2([j])*(c2{il);

}
J=** THE FOLLOWING VALUES ARE SEMI CIRCULAR SLOT VALUGESG***=* /
ws=0.145; h=0.3;
he=0.042; w0=0.03937;

cx={(c8/(c7*CcT7) ) * {1/ (kwm*kwm) } * (ss/(4.0*p) ) ;

Sps=4%3.142857143e-7* (0.8+(neck/lip)+(2*scrl)/{lip*le-3~{2*scrli}};
spr=(h/(3*ws) + (he/w0) ) *88.0/7.0*1e-7;
X5=16%3.141592654*50*ttm*ttm*kwm*kwm*cx* (sps+spr*ss/sri*1l/ss;

/*** sps,spr ARE SPECIFIC PERMEANCE OF STATOR AND ROTOR SLOTS *okxk S
/***xg IS SLOT LEAKAGE REACTANCE REFERRED TO MAIN WINDING *ok KKk Kk kS
wsst=ssp-lip*le-3;
wrt=rsp-lipr*le-3;
SpZ=WSSL*Wrt* (WSSCL*WSSC+Wrt*wrt)*4%3.142857143*1e-7/{12*1lg*le-3*s8p*ssp*rsp);
xz=16%*3,141592654*50*ttm*ttm*kwm*kwm*1l*spz/ss;
/***gpz IS SPECIFIC PERMEANCE OF ZIGZAG LEAKAGE * ok k xk ok ok [/
/***xz IS ZIGZAG LEAKAGE REACTANCE ******kkrxkkdkddxwx
Xd=l;
x3=2%k2;
ri=0;
for(j=1;j<={int)k2;j++)
{
rl=ri+(x3-x4);
x4 ++; '
X3--;
}
r=rl/(int)k2; /***+*y REFEERS TO AVERAGSE CCIL SPAN** %%/
x0=16*3.142857143*850*ttm*ttm*kwm*kwm* (4*3 .142857143e-7/(6.4*ss*p) ) *3.142857143* (d

/****x0 REFEERS TO OVERHANG LEAKAGE REACTANCEx****x /
Xm=16+*3.142857143*50*ttm*ttm kwm*kwm*1*4*3,142857143*1e-7*tou/ (lg*le-2*p*kg*1.1%) ;
j****xxm REFERS TO MAGNETIZING REACTANCE **#**xxx%/

aos=(3.142857143/(sr/p))*1l*sr/ss; /**aos REFS TO ANGLE OF SKEW*+/
xsl=xm* (a0s*a0s/12.0)*0.95; /*** xs]1 REFS TO SKEW LEAKAGE REACTANCE*~*/
x1lm=xs+xz+x0+xs8l; /*** xlm REFS TC TOTAL LEAKAGE REACTANCE®**/
xom=xm+x1lm/2; /*** xom REFS TO OPEN CKT REACTANCE***/
kl=sqgrt ( (xom-x1lm) /xom) ; /** kl REFS TO LEAKAGE FACTOR **x/
add=xs+xXz+Xx0; S*
MMMMMMMMMMIMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM
CAPACITOR DESIGHN
MMVMMMMMMMMMMMMVIMMMMMMMMMMMMMMMMMMMMMMVIMMMMMMMMMMMMMVIMMMMMMMMMMMMMMMMMMBM MM
ermw=1.2*rr2; f*** ermw = EFFECTIVE ROTOR RESIST IN MAIN WINDING**~*/
trmw=ermw+rs2; /*** trmw = TOTAL RESISTANCE IN MAIN WINDING***/
trrs=(1.52%1.52)*ermw; /*** trrs=TOT ROTOR RESIS IN TERMS START WINDING**=*/
rsw=0.017*tta*lmts/ (al*ie6) ;
CLrsw=tIrrs+rsw; /*trsw =TOT RESIS IN STARTING WDG****/
tlrs={1.52*1.52)*x1m; /*** tlrs = TOT LEAK REACT IN STARTING WINDING***/
zm=sgrt { (trmw*crmw) + (x1lm*x1lm) ) ; /***zm = IMPEDANCE OF MAIN WINDTNGx***/
xc=tlrs+ ((Lrmw+trsw) /(zm+x1lm)}; /***xc REFS TO CAPACITIVE REACTANCE***+**/



cap=1le6/(2.0%3.1428571423%50.0%xC); /***c REFS TO THE VALUE OF CAPACITUR fsREh-*-/

for(j=0;j<=5;3j++)
{
if {caprarr{jl)
goto Xy;
else
continue;

}

xy: pac=arrljl;

xcl=1le6/(2.0%3,142857143*50 . 0%pac) ; s
MMMMMMMMMMMMMMMMMMMMMVMMMMMMMMMMMMVEMMMMMMMIMMMMMMMMMMMMMMVIMMMM MM MMMIVMIM MMM
MACHINE LOSSES
MMMMMIVMIMMIMMIMIMIMMEYIVIVEIMVIMIVIMIVIMIMVIMEVIM MM VIV RV VTV MMM IVIMIMIVIVIIV IMMMMMMMMM MMM
qi=3.0; g=3.0;
wgt=ss*wst*dss*11*7.6e3; /***wgt= WEIGHT OF THE STATOR TEETH*** /

fdt=(22.0/14.0)*bst; /***fdr= MAXIMUM FLUX IN THE STATCR TEETH***=*/
ist=wgt*g; /**ist=IRON LOSS IN THE STATOR TEETH *=*/

msc=30-dss; /**msc=MEAN DIAMETER OF THE STATOR CORE**/
wgs=msc*3.142857143*dsc*11*7.6e3; /**wgs= WEIGHT OF THE STATOR CORE*=/
1sC=wgs*gl; /**isc=IRON LOSS IN THE STATOR COREx**/

til=ist+isc; /**til= TOTAL IRON LOSS IN THE STATOR**/

tim=2*til; /**tim= TOTAL IRON LOSS IN MACHINE**/

cus=i*i*rgl; /**cus= TOTAL COPPER LOSS IN THE STATQOR**/

cur=ib*ib*rr*sr; /**cur=TOTAL COPPER LOSS IN ROTOR**/

cue=2*ie*ie*err; /**cue=COPPER L0OSS IN THE ENDRING**/

tom=cus+cur+cue; /**tcm= TOTAL COPPER LOSS IN THE MACHINE**/
fwl=1.0*op/100.0; /**fwl= FRICTIONAL AND WINDAGE LOSSES**/

tl=tim+tcm+fwl; /**cl=TOTAL LOSSES IN THE MACHINE**/
MMMMMMMMMMMMMMMMMMVMMMMIMMMIVMMMMIVMMMMVMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMM

MACHINE CHARACTERSTIC DETAILS

mMMMMVMMMMMMMMMMMMIMMMMMMMMMMIMMMMMMMMMMMMMBMMMMMMMMMMMMMMMMMMMMMMMMMMMMM MMM
za=sqgrt {trsw*trsw+ (tlrs-xcl)*{tlrs-xcl));

/**za=IMPED OF START WDG WITH CAPACITOR IN SERIES****kxsxxxsxx/
lrem=(float) {rv/zm) ; /**lrcm=LOCKED ROTCR CURRENT IN MAIN WDG***xxkwxsxittx /
lrca=(float} {rv/za); /**lrca=LOCKED ROTCR CURRENT IN AUX WDG*****kxkx+xxxx /
tsc=lrcm* (zm+za) /za; /**tsc=TOTAL STARTING CURRENT****x*kskkwk*sx /
st=(float) {(p*0.952*rv*rv*ermw/314.2857143)* ( {trsw*xlm- (trmw* (tlrs-xXcl; !}/ (zmrzm=z

/***st REFS TO STARTING TORQUE*****xk%xx%x /
tirs=sqgrt(trst*trst+add*add);
/**tirs=TOTAL IMPEDANCE OF ROTOR AT STANDSTILL**%**x/

sct=(float) (rv/tirs); /***SCt=SHORT CKT CURRENT#**=***x%/

scpf={float) (trst/tirs);/***scpf=SHORT CKT POWER FACTOR****%*x*/

ip={float) {rv*i*scpf) ;
opl=ip-tl;
effl=(opl*le2) /ip; /*
MMMMMMMMMMMMMMMMMMMMMMMMMIMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM

MMF IN THE AIR GAP
MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMVMMMMMVMMMMMMMMMMMMMVMMMMMMMMMMMMMMMMMMMMMM - *
b60=1.57*bav;
atg=800000*b60*kg*1lg*le-3; /** atg MMF IN THE AIR GAP**/ />
MpNMMIMNMDMIVIMIVIVIV RSV MV VIV VIV VIVIVIVIVEVTIVIVIIVE YIVITVIIVIIVIIVEE MMMMMIVMIMMIMIMIVIVIVIVI [
MMF IN THE STATOR

MMMMMMMMMMMIVIMVIMMIMMMMMVMMMMMMMMMMMMMMMMMMMMMMMMMAMMMMMMMMMMMMMMMMMMMMMVIVIMM M * /
wtel={22/7*{d+2*dss/3.0)) /s5-asw;



btsl=fpp/((SS/p}*ll*wtsl); /* btsl FLUX DENSITY AT 1/3 HEIGHT OF TCOTH* /
bts60=1.36*btsl;
for{j=34;3j>=1;3--)

{

if (bts60>brtij))

{
atst=at[j];
break;

}

else

)

ats=atst*dss; /** ats MMF IN STATCR TCQQTH **/
lcs=3.14* {d+2*dss+dsc) / (3*p);/** lcs LENGTH OF FLUX PATH IN STATOR CORE*/
for(j=34;3j»=1;3j--)

{

continue;

if (bcs>bt [j])
{
atsc=at[j];
break;

}

else
continue; }
atcs=atsc*lcs; /** atcs MMF IN THE STATOR CORE **/
MMMMMMMMMMMMMMMMMVYIVMMIMMMMMMMMMMMMMMMMMMMVMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM
MMF IN THE ROTOR
MMMMMMMMMMMMMMMMMMMMMMMMMMMIMMMMMMMMMIVMMMMMMMMMMVMMMMMMMMMMVEYMMMMMMMMVIVIMM
wtrl=(22/7*{dr+4*dors/3.0}) /sr- wors;
btrl=fpp/((sr/p)*1ll*wtrl); /* btsl FLUX DENSITY AT 1/3 HEIGHT OF TOOTH*/
btr60=1.36*btrl;
for{j=34;j>=1;3--)
{

if (btr60>bt [j])

{

atrt=at [3];

break;

}

else

}

atr=atrt*dors; /** atr MMF IN ROTCR TEETH **/

continue;

ler=3.14* (dr-2*dors-2+*dcr) / (3*p) ; /*1lcs LENGTH OF FLUX PATH IN ROTOR CORE*/

for (j=34;3>=1;3--)
{
if (ber>bt[§1)

{

atrc=at [j];
break;
}
else
continue;
}
atcr=atrc*lcr; /** MMF IN THE ROTOR CORE **/
at60=atg+ars+atr+atcs+atcr; /** ate(0 TOTAL MMF OF MACHINE *x*/

MvvVMMMMMIMMMMMMMMMMMMMMMMMMMMMVMMMMMMMMVMIMMMMMMMM MMMV MMMMMMMMMMMMMMMMMMMMD

/t

*/



NO LOAD PARAMETERS
bmmmmmmmmmmmmmmm@mmmmmmmmmmmmmmmmmmmmmmmmmmmmm@@mm@@wwMMMMMMMMMMMMMMMMMM
im=0.427*p*at60/ (kwm*ttm) ;
tnl=tim+fwl;
il=tnl/rv;
i0=sqgrt (im*im+il*il);
nlpf=il/im;
MMMMMMMMMMMMMMMMMMMMMMMMVMVMMMMMMMMMMMYMMMMMMVMMMYMMMMMMMMMMMMMMMMMMMMMM

TEMPERATURE RISE
MMMMMMMMMMMVMMMMMMMMMMMMMYIMMMMMMMMMMMMMMMMMYIVIMMIMMMMMMMMMMMMMMMMMMMMMMMIMM
clsp=2*1l/lmtm*cus; /** clsp REFS TO COPPER LOSS IN STATOR PORTION *+/
tlds=til+clsp; /** tlds REFS TO TOTAL LOSS TO BE DIS BY STATOR * ok /
ocg=22/7*d0*1; /** ocs REFS TO OUTER CYLINDRICAL SURFACE OF STATOR *x /
icg=22/7*d*1l; /** ics REFS TO INNER CYLINDRICAL SURFACE OF STATOR *x
va=22/7*d*ns; /** wva REFS PERIPHERAL SPEED OF MACHINE #*%*/
ldos=ccs/0.043; /** 1dos REFS LOSS DISSIPATED FROM OUTER SURFACE L
ccis=0.043/{1+0.1%*va);/** ccis REFS TC COOLING CO-EFF INNER SURFACE **/
ldis=ics/ccis; /** idis REFS TO LOSS DISSIPATED FROM INNER SURFACE *x/
aeid=22/28*(dA0-d)*2; /** aeid REFS TO AREA OF END SURFACE INC DUCTS*=*/
vae=0.1*va; /** vae VELOCITY OF AIR AT TWQO END SURFACE **/
cecd=0.15/vae; /** ccd COOLING CO-EFF FOR DUCTS **/
lded=aeid/ccd; /** 1lded REFS TC LOSS DISSIPATED FROM END SURFACE LA
tld=1dos+1dis+1lded;/** tld REFS TO TOTAL LOSS DISSIPATION **/
tr=tlds/tld; /** tr REFS TO TEMP RISE IN MACHINE **/
clrscr();
initgraph (&gd, &gm, "c:\\tc\\bgi");
settextstyle(1,0,3);
outtextxy (75,75, "RESULTS") ;
delay (1599) ;
cleardevice () ;
settextstyle (1,0, 3);
outtextxy (75,75, "STATOR") ;
delay(2);
cleardevice() ;
closegraph() ;
print £ { "\ nMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM ")y
printf{"\n STATOR PARAMETERS ") ;
print f { "\ nvMMMMMMMMMMVMMMMMMMMIMMMMMMMMMMYMMMMMIMIMMMMMMMMMMMMIMMMMMMMMM ")
printf ("\nTHE SYNCHRONQUS SPEED OF THE MACHINE :%d RPM",n);
printf ("\nTHE NUMBER OF THE POLES COF THE MACHINE :%f "Dl
print f ( "\ nMMMMMMMMMMVMMMMMMMMMMMMMMMMMVMMMMMMYMMMMMMMMMMMMMMMMMMMMMM "}
printf("\n THE STATOR DIMENSIONS") ;
print f ( "\ nMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM "y
printf ("\nTHE DIAMETER OF THE MACHINE :%f METERS",d);
printf ("\nTHE CORE LENGTH OF THE MACHINE :%f METERS",1);
printf ("\nTHE POLE PITCH OF THE MACHINE :%f METERS", tou);
printf ("\nTHE NET IRON LENGTH OF THE MACHINE :%f METERS",11):
printf ("\nTHE FLUX PER POLE : %f WEBERS", fpp);
printf ("\nTHE OUTER DIAMETER OF THE CORE :%f METERS",d0):
getch () ; clrscr();
print £ (" \ nMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM ")
printf ("\n THE STATOR SLOT PARAMETERS") ; '
printf ( "\ nMMMMMMMMMVIMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMVMMMMMMMMMM "y,
printf {"\nTHE DIAMETER OF THE BOTTOM SEMI CIRCULAR SLOT :%f METERS",scrl):
printf ("\nTHE DIAMETER OF THE UPPER SEMI CIRCULAR SLOT :%f METERS",scur?2);



printf ("\nTHE NECK OF THE STATOR SLOT :%f MM", neck);
printf ("\nTHE SLOT OPENING :%f MM", lip);

printf ("\nTHE TOOTH WIDTH OF STATOR :%f METERS", wst);
printf {"\nTHE TOTAL TOOTH SECTION :%f", tts):

printf ("\nTHE AVERAGE SLOT WIDTH :%f METERS", asw):
print £ ("\nTHE DEPTH QF THE STATOR CORE :%f METERS",dsc);
printf ("\nTHE DEPTH OF THE STATOR SLOT:%f METERS", dss);

getch() ; clrscr();
printf("\nyDmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmﬂmmm@mm@mﬂmmwMMMMM "
printf ("\n THE MAIN WINDING PARAMETERS") ;

print £ { "\ nMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM. )
printf {("\nTHE WINDING FACTOR OF MAIN WINDING:%f", kwm};

printf ("\nTHE INDUCED EMF IS:%f",e);

printf ("\nTHE NUMBER OF TURNS IN SERIES PER POSLE :%d",tpm};

printf{*\nTHE TOTAL TURNS IN SERIES FOR THE MAIN WINDING :%d", ttm);

printf ("\nTHE RATED CURRENT OF THE MACHINE :%f AMPS",i); -

printf ("\nTHE AREA OF THE MAIN WINDING IS:%e SQ.METERS",a);

printf ("\nTHE DIAMETER OF THE CONDUCTOR :%f METERS",zl):

printf ("\n*****THIS DIAMETER IS NOT CONSIDER THE ENAMEL THICKNESS****w*xxm| .
x3=2*k2;

X4=1;
fori{j=1;je=(int}k2;j++)
{

rx=ceil(cz(j]l):
printf ("\nTHE TURNS OF THE COIL (%d,%d)=%d".x3,.x4,rx);

x4=1;
for {(j=1;j<=(int)}k2;j++)
{
printf ("\nLENGTH OF MEAN TURN OF COIL (%d,%d)=%f",x3,x4,1lmt(3]);
X3--;
X4 ++;

printf ("\nLENGTH QF THE MEAN TURN OF THE MAIN WINDING =%f",lmtm);

getch () ; clrscri);
printf ( "\ nMMMMMMMMMMMMMMMMMMMMMMMVMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM "y
printf{"\n STARTING WINDING PARAMETERS ") ;

printf("\nMMMMMMMMMMMMMMMMMMMMMMMMMMMMMNNMMMMMMMMMMMMMMMMMMMMMMMMMMM "y
printf ("\nTHE AREA OF THE STARTING WINDING 1S :%e SQO.METERS",al);

printf ("\nTHE DIAMETER OF THE STARTING WINDING IS:%f METERS",z2) ;
printf("\n*****THIS DIAMETER IS NOT CONSIDER THE ENAMEL THICKNESS****") .
printf ("\nWINDING FACTOR OF STARTING WINDING:%f",kwa);

printf ("\nTHE TURNS PER POLE IN STARTING WINDING:%d", tppa) ;

printf ("\nTHE TOTAL TURNS IN STARTING WINDING:%d",tta);

x3=2*k2+{int) k2+1;

X4=(int)k2+1;

for(j=1;j<=(int)k2;j++)

{

printf ("\nTHE TURNS OF THE COIL(%d,%d)=%4",x3,x4,c6[i]);



x3=2*k2+{int)k2+1;

x4=(int)k2+1;

for(j=1;j<=(int)k2;j++)

{

printcf ("\nTHE LENGTH CF MEAN TURN OF COIL{%d,3d)=%f",x3,x4,lmtaljli;

x3--:
X&++;

}

printcf ("\nLENTH OF MEAN TURN OF STARTING WINDING

printf ("\nTHE
getch{) ;
initgraph{&gd,

:5fr,1lmts) ;
LENTH OF AIR GAP OF THE MACHINE IS
clrscr() ;

&gm, "c:\\tc\\bgi"):;

settextstyle(1,0,3);
outtextxy (75,75, "ROTOR") ;

delay{2);

cleardevice() ;

closegraph() ;

printf ("\nMMMMMMMMMMMMMMMMMMMMMMMMMMMMMEMMMMMMMMMMMMMMMMMMMMMMMMM MMM

printf ("\n

ROTOR DIMENSIONS" );

print £ { "\ nMMMMMMMMVMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMYMMMMMMMMMMM

if (25==1) {
printf{"\n
printf{"\n
else {

printf ("\n

printf ("\n
printf ("\nTHE
printcf ("\nTHE
printf ("\nTHE
princf ("\nTHE
printf ("\nTHE
printf ("\nTHE
printf {"\nTHE
printf ("\nTHE
printf ("\nTHE
printf ("\nTHE
printf ("\nTHE
printf ("\nTHE
printf ("\nTHE
printf ("\nTHE
getch{) ;

THE COPPER ROTCOR PARAMETERS ARE

") ;
THE ALUMINIUM ROTOR PARAMETERS ARE ") ;
__________________________________ "y }
NUMBER QF THE ROTOR SLOTS IS:%f
QUTER
WIDTH

DEPTH

",s8r);
DIAMETER OF THE ROTOR IS:%f METERS",dr);
QOF THE ROTOR SLOT IS:%f METERS",wors):
QOF THE ROTOR SLOT IS:%f METERS",dors};

WIDTH OF THE BAR IS :%f METERS", worb);
DEPTH OF THE BAR IS :%f METERS",dob):;
AREA OF THE BAR IS :%f SQ.METERS",abl);
LENGTH OF EACH BAR IS :%f METERS",1b; ;
WIDTH OF THE ROTOR TOOTH IS :%f METERS",wtr):
DEPTH OF THE ROQTOR CORE IS %¥f METERS",dcr};
NECK OF THE ROTOR SLOT IS $f MM",neckr);
LIP QF THE ROTOR SLOT IS ¥f MM, lipr);
INNER DIAMETER OF ROTOR IS: %f METERS", idr);
BAR CURRENT IS:%f AMPS", ib):;

clrscri();

printf (" \ nMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM

printf ("\n

END RING"};

printf ("\nMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM

printf ("\nTHE
printf ("\nTHE
printf ("\nTHE
printf {"\nTHE
printf ("\nTHE
printf ("\nTHE
printf {"\nTHE
printf {("\nTHE
getch ()} ;

print £ { "\ nMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM

printf {"\n

DEPTH OF THE END RING IS:%f METERS",doe) ;

THICKNESS OF THE END RING IS :%f METERS", toe);
OUTER DIAMETER OF THE END RING IS:%f METERS",dero) ;
INNER DIAMETER OF THE END RING IS:%f METERS",deri);
MEAN DIAMETER OF THE END RING IS:%f METERS",demnm) ;
AREA OF THE END RING IS :%f",aer);
END RING CURRENT IS :%f AMPS",ie);
DIAMETER OF THE SHAFT IS:%f METERS

clrscr();

",sd);

RESISTANCE AND REACTANCE OF WINDINGS ") ;

:%f MILLIMETERS", la);

Cor



printf("\nMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM
printf {"\nTHE GAP CONTRACTION FACTOR IS GOT TO BE :%f v, kgl ;

printf ("\nTHE RESISTANCE OF MAIN WINDING AT 20C IS :%fF OHMS",rs2);
printf {"\nTHE RESISTANCE OF MAIN WINDING AT 75C IS :%5f OHMS", rsl);
printf ("\nTHE RESISTANCE OF ROTOR AT 75C IS :%f OHMS",ryr);

printf ("\nTHE RESISTANCE OF EACH END RING AT 75C IS :%f OHMS",err):
printf ("\nTHE RESISTANCE OF ROTOR REFERRED TO MAIN WINDING AT 20C 13 t %t
printf {"\nTHE RESISTANCE OF ROTOR REFERRED TO MAIN WINDING AT 75C 15

printf ("\nTHE
printf ("\nTHE
printf ("\nTHE
printf ("\nTHE
printf ("\nTHE
printf ("\nTHE
printf ("\nTHE

SLOT LEKEAGE REACTANCE IN TERMS OF MAIN WINDING IS
ZI1GZAG LEAKAGE REACTANCE IS :%f OHMS",xz};
OVERHANG REACTANCE IS :%f OHMS",x0);

MAGNETIZING REACTANCE IS :%f OHMS",xm) ;

SKEW LEAKAGE REACTANCE IS :%f OHMS",xsl};

TQOTAL LEAKAGE REACTANCE REFERRED TCO MAIN WINDING
OPEN CKT REACTANCE IS :%f OHMS",xom) ;

printf {"\nTHE LEAKAGE FACTOR IS :%f",kl);

getch () ; clrscr{};

printf ( "\ nvMMMMMMMMMMMMMMMMMMIVMMMMMMVMMMMMMMVMMMMMMMMMVMYMMMMMMMMMMMMM
printf ("\n CAPACITOR DESIGN VALUES");

printf { "\ nMvMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMVIMMMMMMM
printf ("\nTHE CALCULATED VALUE OF CAPACITIVE REACTANCE :%f OHMS",b xc);
printf ("\nTHE CALCULATED CAPACITANCE:%f MICROF",cap);

printf {"\nTHE NEAREST STANDARD VALUE IS :%f MICROPF",pac);

printf {"\nTHE STANDARD VALUE QOF CAPACITIVE REACTANCE IS :%f OHMS",xcl};
getch() ; clrscr{);

printf {"\nMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMVMMMMMVMMRMVBMMM
printf ("\n MACHINE LOSSES ")

printf ("\nMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMVMMMMMMMMMY
printf ("\n MAXIMUM FLUX IN THE STATOR TEETH IS:%f WEBERS", fdt);

IS :%¢f

% f
1T

;%51 OHMS", xs) ;

"

OHMS" , 114
OHMS™ , v

OHME™ , x1m.

"

n)

printf ("\n TOTAL IRCN LOSS IN THE STATOR :%f WATTS",til);

printf ("\n TOTAL IRCN LOSS IN THE ROTOR :%f WATTS",til);

printf ("\n TOTAL COPPER LOSS IN THE STATOR:%f WATTS",cus);

printf (*\n TOTAL COPPER LOSS IN THE ROTOR:%f WATTS",cur) ;

printf ("\n TOTAL COPPER LOSS IN THE END RING IS :%f WATTS",cue};

printf ("\n TOTAL IRON LOSS IN THE MACHINE:%f WATTS",tim);

printf ("\n TOTAL COPPER LOSS IN THE MACHINE:%f WATTS",tcm);

printf ("\n TOTAL FRICTION AND WINDAGE LOSSES IN THE MACHINE:%f WATTS",fwl);
printf ("\n TOTAL LOSSES IN THE MACHINE IS:%f WATTS",tl);

getch(); clrscr(};

print £ ( "\ nMvMvMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM
printf{("\n MACHINE CHARACTERSTIC DETAILS ");
printf("\nymmmmmmmmmmmm@mmmmmmmmmmmmmmmmmmmmmmmmmmmm@mmm@m@m@m@mqwMMMM
printf ("\nTHE
printf ("\nTHE
printf ("\nTHE
printf ("\nTHE
princf ("\nTHE
princf ("\nTHE
printf {("\nTHE
print£ {"\nTHE
printf {"\nTHE
printf {("\nTHE

LOCKED ROTOR CURRENT IN MAIN WDG IS:%f AMPS",lrcm);
LOCKED ROTOR CURRENT IN AUXI WDG IS:%f AMPS",lrca);
TOTAL STARTING CURRENT IS:%f AMPS",tsc);

STARTING TORQUE IS:%f NEWTON-METER",st) ;

SHORT CKT CURRENT IS:%f AMPS",scCt};

SHORT CKT POWER FACTOR IS:%f ",scpf);

INPUT IS GIVEN BY:%f",ip);

CALCULATED OUTPUT OF THE MACHINE IS :%f",opl};
CALCULATED EFFICIENCY OF MACHINE IS:%f\n\n\n".,effl);

IMPED OF START WDG WITH CAPACITCR IN SERIES IS:%f OHMS", za)

printf (" \ nMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM )

printf ("\n NO LOAD CHARACTERSTICS ")

printf (*\nMMv7vMMMMMMMMMMMMMMMMMMMMMMMMMMMMYEMMMMMMYMMMMMMMMMMMMMMMMMMMM )



printf ("\nTHE MAGNETISING CURRENT IS :%f AMPS", im) ;
printf ("\nTHE NO LOAD LOSS IS :%f WATTS",tnl):
printf ("\nTHE NO LOAD CURRENT IS :%f AMPS",i0);
printf ("\nTHE NO LOAD POWER FACTOR IS :%f ",nlpi):

getch () ; clrscr () ;
prlntf("\nMMMMMNNMNMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM")
printf ("\n MMF VALUES OF MACHINE") ;

printf { "\ nMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMYMVMYMMMMMMMMMMMMM ®

printf ("\nTHE MMF IN THE AIR GAP IS:%f AMPS",atg)l;

printf ("\nTHE MMF IN THE STATOR TEETH IS:%f AMPS", ats);
printf ("\nTHE MMF IN THE ROTOR TEETH IS :%f BAMPS", atr);
printf {"\nTHE MMF IN THE STATOR CORE IS :%f BMPS",atcs);
printf {"\nTHE MMF IN THE ROTOR CORE IS :%f AMPS",atcr);
printf{"\nTHE TOTAL MMF IN THE MACHINE IS:%f AMPS™" ,at60) ;
printfi{”\n slht is :%f",slht);

pr int £ {"\nMMVMMMMMMMMMMMMMMMMMMMMMMMMMMMMIMMMMMMMMMMMMMMMMMMMMMMMMMMMMM )

printf ("\n TEMPERATURE RISE ");

or int £ ( "\ nMMMMMMMMMMMMMMMMMMMMMMMVMMMMMMMMMMMMVYMMMMMMMMMMMMMMMMMMMMMMMM ™ )
printf ("\nTOTAL LOSS DISSIPATED BY STATOR SURFACE IS :%f WATTS",tlds}:
printf ("\nTOTAL LOSS DISSIPATION :%f WATTS", tid);

printf ("\nTEMPERATURE RISE OF MACHINE IS :%f DEGREE ",tr);

if{tr<S0)

printf ("\nTHE TEMPERATURE RISE IS WITHIN THE LIMIT");

else

printf ("\nTHE TEMPERATURE RISE BEYOND IN LIMIT");

printf ("\n***¥ COMPLETED ALL PARAMETER VALUES **%*xxxn).

getch(};

initgraph(&gd, &gm, "c:\\tc\\bgi"};

settextstyle(1,0,3);

ocuttextxy (75,75, "THANK YOU") ;

delay (3);

cleardevice () ;

closegraph(} ;

}

'

’



64  LIST OF VARIABLES USED FOR SINGLE PHASE MOTOR

- a = Area of Main Winding (square metre)
v al = Area of Secondary Winding(square metre)
aa = Conductor area for two windings in same slot.
ab = Sum of area of two semi circles in stator slots.
o ac = Ampere conductors per meter.
.~ abl = Area of the bar (square metre).
add = Sum of the slot,zig-zag & overhang leakage reactances.
-~ aer = Area of the End ring(sdure meter).
7 asw = Average slot width of stator slots(meter).
atg = MMEF in the air gap.
ats = MMEF in the Stator teeth.
atr = MMEF in the Rotor teeth.

aocs = Angle of skew in rotor bars.



v

v

aeid

atcs

atcr

at60

atcr

bb

bav

bst

b60

c7

c8

cC

Area of end surfaces,

MMF in the stator core.

MMTf in the rotor core.

Total] MMF in the Machine.

MMF in the stator core.

Conductor area, only for the aux wdg in slots.

Flux density in the Air Gap.

Flux density in the Stator core.

Flux density in the Rotor core.

Flux density in the Stator core.

max flux density in air gap.

Sum of main winding coils.

Sum of square of the main winding coils.

Conductor area, only for the main wdg in slots.



" co = Output co-efficient of the machine.

cX = Arbitrary correction factor
_.cap = Calculated capacitor value.
ced = Cooling co-efficient of ducts.
cus = Total copper loss in the Stator.
cur = Total copper loss in the Rotor.
cue = Total copper loss in the end ring.
cldJ] = Pitch factor of each coils in Main winding.
ccis = Cooling co-efficient of Inner surface.
clsp = Total copper Loss in stator portion.
ci[J] = % of turns per pole in each coils indMain wdg.
c2J] = Total series turns in each coil in Main wdg.
c4lJ] = Pitch factor of Auxillary Winding.

¢S] = % of turmns per pole in each coils in Aux-wdg.



A

c6ll]

dl

dr

do

decr

dem

dob

doe

dsc

dss

dsl

deri

dero

Total Series tums in each coils for Aux-wdg.

Diameter of the stator core.

Nearest Standard Diameter of the Stator Core.

QOuter Diameter of the Rotor.

Outer Diameter of the Stator Core.

Depth of the Rotor Core.

Mean Diameter of the End Ring.

Depth of the Bar.

Depth of the End Ring.

Depth of the Stator Core.

Depth of the Stator Slot.

Calculated depth of stator slot

Inner Diameter of the End Ring.

Cuter Diameter of the End Ring.



~"dors = Depth of the Rotor Slot.

e = Induced EMF in the machine.
eff = Input (or) Required Efficiency.
erT = End ring resistance at 75 degree.
effl = Desinged Efficiency.
ermw = Effective Rotor Resistance in terms of Main Wdg.
fdt = Maximum flux density in the Stator teeth.
S Sffpp = Flux per Pole.
fwl = Total Friction and Windage Losses.
~~ hp = Horse of the Machine.
e i = Rated Current of the Machine.
.~ ib = Rotor Bar Current.
id = Current Density(Amps/sq.mm).

o ie = End Ring Current.



il

10

ip

ics

idr

isc

kwa

kwm

kes

ker

kgss

I

No load Losses.

Magnetising current.

No load current.

Input of the machine.

Inner cylintrical surface of stator.

[nner diameter of the rotor.

Short Ckt Current.

Leakage Factor.

Gap Contraction factor.

Winding Factor of the Auxillary Winding.
Winding Factor of the Main W'mding.
Carter's Co-efficient Factor of Stator Slots.
Carter's Co-efficient Factor of Rotor Slots.

Gap Contraction Factor of Stator Slots.



kgsr

11

b

lip

ldos

1dis

1ded

lipr

Irca

Ircm

Gap Contraction Factor of Rotor Slots.

Length of the Stator Core.

Nett Iron Length of Stator Core.

Length of each bar in the Rotor.

Length of the Air Gap.

Slot Opening ot the Stator Slot.

Loss dissipated from outer surface

Loss dissipated from inner surface.

Loss dissipated from outer surface.

Slot Opening of the Rotor Slot.

Locked Rotor Current in Auxillary Wdg.

Locked Rotor Current in Main Winding.

Length of mean turn of Main Winding.

Length of mean turn of Starting Winding.



N

e

ns

ntm

neck

neckr

op

opl

Length of mean turn of each coil for Main Winding.

Length of mean turn of each coil of Starting Widg.

d? x 1 value.

Total Conductor Area in the Stator Windings.

Synchronous Speed in RPM.

Synchronous Speed in RPS.

Calculated number of series turns in Main Wdg.

Neck of the Stator Slots.

No-Load Power Factor.

Neck of the Rotor Slots.

Motor Output in Watts.

Desinged motor output.

Outer cylintrical surface of stator.

Number of poles of the machine.



pl

pac

ql

ri

rrl

2

ISp

Length to diameter value.

Input Power Factor.

Nearest Standard Capacitor.

Iron Loss per Kilogram in tooth section.

fron Loss per Kilogram in core section.

Average coil span.

Sum of the coil span.

Rated Voltage of the machine.

Resistance of the Rotor at 75 Degrees.

Resistance of Rotor referred to Main Wdg at 75 Deg.

Resistance of Rotor referred to Main Wdg at 20 Deg.

Resistance of Main Winding at 75 Degrees.

Resistance of Main Winding at 20 Degreexs.

Rotor slot pitch.



‘/ sw

sd

ST

88

ssp

SpPp

spr

sps

Rotor slot width.

Area of the Stator Slots.

Shaft diameter.

Number of Rotor slots.

Number of Stator slots.

Starting torque of the machine.

Stator slot pitch.

Stator Pole Pitch.

Specific permeance of rotor slots.

Specific permeance of stator slots.

Specific permance of zig-zag leakage.

Lower semi-circle diameter of stator slots.

Upper semi-circle diameter of stator slots.

Short circuit Power factor



ta = Calculated total series turns in Aux-Wdg.

tl = Total loss in the Machine.

tr = Temperature Rise in machine.

tem = Total Copper Loss in the Machine.
tid = Total Loss dissipation.

til = Total Iron Loss in the Stator.

tim = Total Iron Loss in the Machine.

tnl = Total no load Josses.

tpm = Total series turns per pole.

tta = Total series tumns in Auxillary Wdg.
ttm = Actual series turns in the Main Wdg.
tou = Pole Pitch of the Machine.

tsc = Total Starting current.

tts = Total tooth section in Stator.



v fcsm
tesr
trs
trsw
tlrs
tlds
tmw
tppa
tirs
trst
va
vae
witr

wgs

Total Copper Section in Main Wdg.

Total Conductor Section in Rotor Bar.

Total rotar resistance in terms of starting wdg
Total resistance in starting winding

Total leakage reactance in starting winding.
Total Loss to be dissipated by stator.

Total resistance in terms of main'winding
Total series turns per pole in Auxillary wdg
Total impedance of rotor at Standstill.

Total Totor resistance in terms of Starting wdg.
Peripheral speed of Machine.

Velocity of air at two End surface.
Width of the Rotor Teeth.

Weight of Stator Core.



wgt

worb

WOrISs

wsst

XC

XS

XZ

xcl

xsi

xim

Xxom

Weight of Stator teeth.

Width of the Rotor teeth at Slot opening.

Width of the Rotor Bar.

Width of the Rotor Slot.

Width of the Stator teeth at Slot opening.

Length to pole pitch ratio.

Calculated Capacitive Reactance.

Slot Leakage Reactance.

Magnetic Reactance.

Zig-Zag Leakage Reactance.

Standard Capacitive Reactance.

Skew Leakage Reactance.

Total Leakage Reactance.

Open Circuit Reactance.



zl

z2

Diameter of the Main winding.

Diameter of the Auxillary winding.

Impedance of Staiting Wdg with Capacitor in series.

Impedance of Main Winding(locked).



f




CHAPTER-

ENERGY EFFICIENT MOTORS

7.1 ENERGY EFFICIENT DRIVES

Energy conservation is the foremost task of the day and efforts are being made
all over to bring down the power consumption in the walk of present supply/demand
position of power with a high cost added to it. Efficient generation, transmission, and
distribution are no doubt the important factors to increase the available power. But

for a given power, it's efficient usage plays the most important role.

A conventional motor made these days has a high output to weight ratio and
reduced material cost thereby compromising on factors like efficiency and power factor.
It is interesting to note that the cost of operating a motor is 4 to 6 times it's
original cost. Also the general trend is to employ over sized motor and provide a safe

service factor.

Under reduced load conditions controlled energy saving plays a significant role.
In addition to providing a soft starting,it reduces the power absorbed by the motor at
low loads and improves the power factor and hence this controller in conjunction with
an energy efficient motor(which has a higher efficiency even at low loads) would give

tremendous energy saving.



An incremental improvement

significant effect in reducing the energy bills.

7.2  ENERGY EFFICIENT MOTOR

in efficiency of these motors can have

Though electric motors are one of the most efficient means of converting

electrical energy into mechanical, yet some

losses do occur in this conversion

process.The losses that occur are comprised of five components namely:

LOSS COMPONENT

. Primary

2. Iron

3 Secondary

4, Friction & Windage

5. Stray load

Total

APPROX %

40

25

20

10

05

100

The primary/secondary losses are due to the passage of the current in the

windings.Increasing the cross-sectional area of copper/aluminium to reduce the resistance

is the only effective means to reduce the losses.Of coursethis will add o the



copperfaluminium weight and subsequently the cost of motor will increase. Also

reduction in secondary resistance will reduce the starting torque of the motor.

The iron losses occur in the machine due to the combined effect of hysteresis and
eddy current losses.These losses are a result of the magnetic field in the machine core
which oscillate at line frequency.These losses can be reduced by reducing the flux
density and this can be achieved by adding length to the stator core.Further reduction is
achieved by using a better grade of steel and reducing the thickness of
lamination.Increasing silicon watt loss per kg and reducing the thickness effects a

reduction in eddy current losses.

The friction and windage losses are those associated with the cooling fans and
rotor fins.The stray load losses are the most elusive and are caused by impertections
in and around the air gap length.This includes stator/rotor slotting,nonuniform air
gaps,rough surfaces and bulging of stampings.A combination of design and careful

manufacturing practices can reduce the stray load losses.

ENERGY FACTORS IN THE SELECTION OF ELECTRIC MOTORS

Choosing a motor most suitable for a particular application is based on many
factors,including the requirements of the driven equipments,service conditionsmotor
efficiency and motor power factor.Good energy management is the application of the

motor and its components that results in the least consumption energy.



7.3 MOTOR EFFICIENCY

Motor efficiency is measure of the effectiveness with which a motor converis
electrical energy into mechanical energy to perform work.It is input or interms of
electrical power, watts output to watts output plus watt Josses. Watt losses  are
electrical energy that is not converted into useful mechanical energy, but is converted
into heat and dissipated through the motor frame.watt losses are electrical

losses,friction and windage.

Thus, motor efficiency is a function of watts losses. The lower the watt losses of
a given motor,the higher the efficiency. Even in higher horse power motors that
typically have higher efficiency percentage than lower horse power motors, watt

losses are significant and cannot be ignored.

A.C.motors has five components of watt losses that contribute to motor in

efficiency :
1. Iron loss.
2. Stator copper loss
3. Rotor copper loss.
4. Friction and windage loss.

5. Stray load loss.



The losses are associated with three common elements of motor construction !

l. losses in the circuits which carry current(I*I)
2. losses in the circuits that carry magnetic flux (Iron)
3. losses in those parts which help support and ventilate or cool motor

parts.(friction and windage loss).

4, Stray losses can occur in any or all of the above elements.

Improvements in motor efficiency is the result of reducing watt losses.Simply

stated :

REDUCED LOSSES - IMPROVED EFFICIENCY.

In terms of existing state of electric motor technology, a reduction in watt

losses ¢an be in various ways.

1. Increasing the cross sectional area of the winding using a greater number
of conductors, or large conductor crossection, increasing slot fill and

reducing stator and rotor copper losses

2. Adding more core steel to reduce operating flux density ;



3. Utilize low loss, core steel for stator and rotor laminations to tmprove

magnetic properties ,
4. Using low loss motor cooling fans to reduce winding losses;

5. Using trial and error method find out good combination of core diameter

and core length to have a reduced loss of machine. o

All of these changes to reduce watt loss are also possible with existing motor
design and manufacturing technology.They do, however,require additional materials and

for the use of higher quality material resulting in increased motor cost.

74  FACTORS AFFECTING EFFICIENCY OF INDUCTION MOTORS

VOLTAGE IMBALANCE : A voltage unbalance of 3.5% can increase the motor

losses by 20%.

LOAD : Motor efficiency changes as the load changes. Operation at loads substantially

different from rate load may also result in a change in efficiency.

HORSE POWER : The efficiency of the motor operating at rated load increases as

the motor horsepower rating increases. High horsepower motors are more efficient.



DUTY CYCLE: Motors that operate continuously and for long periods of time provide
energy reducing opportunities. A small change in motor efficiency will make a

significant change in total energy consumed. Examples: PUMPS, FANS, BLOWERS.

SLIP: Slip is measure of the losses in the rotor winding of poly phase induction motor.
Therefore the higher the slip, the lower the efficiency.For applications involving
pulsating interia pumping the overall efficiency of motors with high slip may be higher

than of motors having a slip of less than 5 percentage.

75 ADVANTAGES OF ENERGY EFFICIENT MOTOR

The advantages of an energy efficient motor are:

1. Reduced power consumption.
2. Lower temperature rise and compartively increased service life.
3. Broader band of constant efficiency thereby operating at light loads

without appreciable drop in efficiency.



WITHFUT FPARAMETERS OF ©.25 H.F SINGLE FHASE INOUCTION MOTOGR

o= 52 Wh/mb, ac=9000, N=144@rpm, t=50 Hz)

STATOR
T B APl LAl A SR bk e ! 0 Kl obrrlr
HE SYNCHRONOUS SFEED OF THE MACHINE 1588 RFM
- NLIMBER OF THE FOLES OF THE MACHINE :4.000800

THE STATOR DIMENSIONS

A5 Ol CULATED DIAMETER OF THE MACHINE :0.0462124 METRES
4 MEARESY STANDRISED DIAMETER 1S :Q.0%9B8000 METRES

Az JURECLEMGTH OF THE MACHINE :8.@73218 METRES

S ie RITOH OF THE MACHINE :@.048812 METRES

H METY O TRON LENGTH OF THE MACHINE :@.04%387 METRES

He =LUX PER FOLE @ @.001858 WEBERS

=E OUTER DIAMETER OF THE CORE :8.105800 METRES

THE STATOR SLOT FARAMETRES
HE DIAMETER OF THE BOTTOM SEMI CIRCULAR SLOT :0.085064 METRES
<& CLIAMETER OF THE WFPER  SEMI CIRCULAR SLOT :0.006414 METRES
HE NECE OF THE STATOR SLOT :0.778780 MM
He ST OPENING :2.22000@ MM
HE UITH WIDTH OF STATOR | :@.003%0871 METRES
Hb TUTAL TOODTH SECTION :@.0805127
HE AVERRGE SLOT WIDTH :0.085739 METRES
HE DEFTH OF THE STATOR CORE :@.811133 METRES
HE DEFTH OF THE STATOR SLOT:2.01030% METRES




THE MAIN WINDING FARAMETERS

INDING FACTOR OF MAIN WINDING: 9. 776457
=Y TNDUCED BfF 181718, S0000n

e SUMBER OF TURNS IN SERIES FER FOLE 17!
PEOTUYAL TURES DN SERIES FOR THE MATN WINDING o84

HSSTED CURKINT OF THE MACHINE :1.2491%1 AMES

GRESDE THE MISIN WINDING 16 :11.665%534e-07 S6G.METHES
CIAMETER UF THE CONDUCTOR :0.000460 METRES

LS THIE DIAMETER I8 NOT CONSIDER THE ENAMEL THICKNESSEXKE s %
EOTHIRNG OF THE COIL (&, 1) =86

L GENG GF O THE ODIL (5,20 =43
o VUIRNS OF THE COTL (4,3)
e Ok MEAN TURN OF COIL .
e OF MEAR TURN OF COIL (5,2)=0. 2270487
e OF MEAN TURW OF ODTL (4,3)=0.171786

b U THE MEAN TURN GOF THE MAIN WINDING =@.740487

STARTING WINDING PARAMETERS

A

S T THE STARTING WINDING 15 :7.570610e~08 S50.METRES
MEUDTAMETER QF THE STARTING WINDING 1S:0.000310 METRES
FEARTHIS DIAMETER I8 MNOT COMSIODER THE ENAMEL THICENESSXRX4
PG FROTOR OF STARTING WINDING:O.84518%
L TORNS FER POLE IN STARTING WINDING: 241
R TIITAL TURNS IN STARTING WINDIME: 949

Rl TURNMG OF FTHE COIL(1@3,4)=1i0?2
e PURNGS OF THE COIL{9,5)=89

RIS FURNG OF THE COIL(8,&6)=51
ML ENGTH OF MEARN TURN OF CDIL(1@,4)=¢.298%38
Ao ENGTH OF MEAN TURN OF COIL(9,S5)=0.24783%7
it ERNGTH OF MEAN TURN OF COIL(8,&6)=0.197136
ERTHOF MEAN TURN OF STARTING WINDING @.3259%9%4
HE DENTH OF ATR GAF OF THE MACHINE T8 @, 524886 MILL IMETRES




i
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A
-1k
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HE
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ROTOR DIMENSTONS

feiE Ol LIMINIUM ROTOR FAF«F\MFlFF\q F;le"f :

WUMEER OF THE ROTOR SLOTS 15.18.@@@@@@
el DIAMETER OF THE ROTOR 15:2.0614054 METRES
MO TR OF THE ROTOR SLOT (8:0.006768 METRES
TR F THE RDTOR SLOT (S:@.0026285 METRED
Ca CONDUOTOR aREA IN ROTOR 16 10.000&251 M
LTO M T THE Bak TH 1D .0as768 METRED
CETTHODF PTHE AR IH :@.00150%6 METRES
iy (F THE BAR 1S :0,800011 SO.METRES
LFWiATH OF EACH BAR IS :10.073668 METRES
SIDTH OF THE ROTOR TOOTH IS :0.00393%8 METRED
LEETH OF THE ROTOR CDRE IS @ 0.008349 METRES
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CHAPTER-8
CONCLUSION

In this project, an energy efficient 0.25 H.P,1440 rpm single phase squirrel cage

induction motor has been designed, fabricated and tested successfully.

A computer program in C language has been developed for the design of the

motor.

The motor is made energy efficient by reducing the losses. The losses were
reduced by increasing the conductor area and core area and using better grade steel

laminations. An increase of 10% in efficiency has been achieved.
These energy efficient motors can be widely used in domestic appliances like
(D Wet Grinders
2) Small pumps

3 Fans, etc.,
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