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i- .F 	Power factor 

. 	Horse F' ower 

y 	per unit winding connected_ in delta or 
internal delta connection. 

H Horse power for delta connection 

HPC 	int. Horse power for internal delta connection 

HPy Horse power for star connection 

V120 	Voltage across tern inal 1 and 2 at No load 

Van  12  L  Voltage across terminal 1 & 2 at locked coni. 

V230 	Voltage across terminal 2 & 3 at no load 
y33 L 	Voltage across terminal 2 & 3 at locked cond. 

I A 	Full load current for delta connection 
I 	Full load current for int. delta 

AA tnt. 
Iy 	Full load current for star connection. 

V 	supply voltage 

Impedance 

E 	Phase voltage 

q 	Number of phase. 

3 	slip 

Xm 	Magneti ling reactance 

x1 	i riiery leakage reactance 

X2 	3econdary leakage reactance 
leakage 

x 	Total/reactance of Primary and Secondary 
Ins under locked condition. 



i0 	No load current 

w 	Total power in.. ut 

R 	Number of rotor slots 

S 	r umber of stator  slots 

l; 	R.P.M. 
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IW RODUCTIOM 

A great and growing industry has developed 

around the subject of induction motor. In any industry 

there can be only one central fact, that is the existence 

of a demand or in other words a user, without whom the 

whole fabric of the organisation would collapse. It 

is therefore $ fitting as well as being prudent to begin 

a practical investigation of the problems connected with 

the rotor* by a consideration of the requirements, which 

the machines will  be called upon to fulfil. Treating the 

user's requirements in this manner there are two main 

type of requirements with five headings in each, namely 

intermittent requirements and enforced requirements. 

The Table No. l'i sets these requirements out, 

conveniently at the left hand side and places against 

each the range of alternative possibilities which each 

is likely to involve. It does not however, follow#  that 
it is always possible for any two or more given require-
ments to be fulfilled. On the whole however * it is found 

that practically any normal requirement or group of 

requirements is capable of satisfactory interpretation, 

for where our knowledge has not been able to reveal a 

solution, the existing circumstances have been modified 

to suit. For any installation true requirements can be 

defined by a line, tending to be vertical between points 

A and B and passing between any two of the short vertical 

2  
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line vhich appear on each horizontal level. Though the 

true users 	requirement can be classified into ten 
headings # the different line possible to dray to ful-
fil the above conditions are almost infinite. It acc-
ounts for the limitless number of different types and 
size of machines. A groups  which is interpreted by 
manufacturer a standard rang* of induction motor, is that 

which covers outputs of, from I hors* power to 200 horse 
power running at constant speeds of between 365 rpm 
and 3000 rpm . It mets all starting * all transmission 
and load condition, 2 phase and 3 phase supplies frequency 
between 25 and 60 cycles # pressure. from 200 to 600 volts, 
all forms of mechanical protection, all temperature re-
quirenents, all limitations to starting cents, nearly 
all limitations to power factor and efficiency and its 
technology. 

Of the many combinations of tsar' a requirements 
with which it may be necessary to deal„ the large majority 
can be covered by that class of A .0. motor-in which 
the energy is transferred from the line to the rotor by 
transformer effect only, i.e., the class of Induction 
motors. These machines are essentially of the constant 
speed type, providing what is usually termed a shunt 
speed characteristic lie, in which speed is practically 
independent of the loads. The most important direction 
in which they fail to cover the full requirements is in 

3 
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the natter of speed and speed variation. The number of 

alternative economical running speed is limited. Speed 

variation is possible by methods p which is not only Un" 

eeonoaical but does not provide the most satisfactory 

type of speed characteristic. All machines in thasclass 
operate with a lagging povor factor, drawing their sagn" 

etising current from A.X. line, and to some extant s  

they thus also fall to cover the possible requirements 

under heading "Tarrif Restrictions". 

They are characterised by very considerable 

popularity, a high degree of reliability cheapness, 

and absence of troubb . Induction motor represents 

standard range * and their characteristics satisfactorily 

most the large proportion of the requirements. 

In the requirement of starting conditions the 

standard range is liable to cover requirements coople-

tely, except in those cases where an arduous starting 

performance is coupled with a single phase supply. The 
better reliability of machine add a further advantage 

due to less probability of replacement. 

Till now discussion is made about the user's 
demand, around vhieh the business of motor manufacturer 

must pivot; and secondly the ability of induction 
motor in meeting this demand. Manufacturer int general 

designs induction motor for a definite .operating 



conditions i.e., for the rating of Norse power s  voltage s  

speed I phase,, frequency keeping in view to fulfil the 

operating characteristic satisfactorily. The main eon-

siderations in the operation of an induction motor are 

starting torgce,starting currents air gap clearance,. 
power factor, efficiency, heating , maximum torque -9  or 

pull out torque, noises, mechanical vibrations, tempera-

ture rise etc. The user selects the induction motor 
of specification according to the operating conditions 
required. to the industry , for which user's select 
the induction stotor,any operating condition may like's 
to be changed. he most frequent changes dao in the 
voltage s  horse power and speed. The change in any oper-

sting condition of induction motor affects the per -
fbrssanco of induction motor ,changes caused in perfor-
Ranee may be undesirable. As for example, change in 

the supply voltage will change the horse poorer output 
the efficiency and power factor starting torque # 
starting currents and other characteristics, change 

in speed also changes the above characteristics. Change 
in Norse power rating i.e., the load on induction motor 
will change the efficiency power factor and other 
chancteristies. Change involtage, speed and the horse 

power may be demanded s tw&ltaneoos lar or one at a ties, 
i.e., may be for short duration of ties or for tonger 
duration of time. Where motor is selected for certain 

ass, motor is selected to suit average value of load! 



with a snfftcient margin of overload capacity. The same 

motor is used for lighter as well as over load. The 

performance of induction motor that can be obtained 
will be best on fall load condition with other opera-

ting conditions re mining sass • 30 the lighter and 

over load condition 897 cause power factor and efficiency 

so poor that it becomes necessary to change the induction 
Lndly 

motor • But change in 4iCt1Ofl motor nerd extra eapen-

diture of money * to purchase a new motor or to keep 

motor in spare to suit different loads. S3 imil*rl7 

change in voltages and speed may require another motor 

in spare. 

The change in voltage speed and horse power 

simultaneously or either in any one can be made, on the 

me indue_tion m chine _with certain modification in the 

winding connection, without the sacrifice In operating 

performance, such as power factor and efficiency. The 
now connec tions on the sane core with some turns can 

be made for new operating condition leaving the motor 
entirely normal in performances in *11 essential respect 

remaining the sane as before. 

Change in voltage can be sot with a proper 

cone ctions of stator, in series or parallel t delta or 

star connection. Changs in speed can be met with change 

of pole connection and the change in horse power can be 

made with change in method of interconnection keeping 

voltage supply and other operating conditions sane. 



The interconnections that can be made are star, delta 
or internal delta. 

The change in speed with single winding of 
stator can also be obtained with conventional and 
consequent type of connections. With series an parallel 
combination in star% and delta# different speed, for 
constant torque - variable horse power , constant horse-
power fid-- variable torque and variable torque 
variable horse power can be obtained. 

When only change in horse power is needed to 
suit the required change in load,, then, the change in 
method of inter connection is carried out. 

With the method of interconnections the ch-
ange in horse power can be made only for a certain range, 
with satisfactory operating performance. 

The subject of work is 14p 	#-ern -o ~Snduction 
t+ 3 -ei th-4tator - 	_ 	£-tar_and -Delta with 

~LIY Yds 

-ebandt--in_mow,  , so our main aim is to show the rela" 
tion of horse power rating for the stator connected in 
delta_, star and internal delta, then to perform the 
experiment and to verify the calculated value with the 
test valet. There is a certain relation between the 
full load current , for star, delta and internal delta 
connected winding. That is to be saed verified 
with experiment # change in connection also causes change 
in voltage induced in different part of winding, under no 



load and full load dondition, that is to be shown and 

verified with experiment; similarly the megneti7ing 
current for different connections is to be compar*d 

by calculations and ex,.~eri..enta . 

A corn lets test of no load * blocked rotor 
testsf r€:sistance, and load t.st ire to be carried for 
star $ delta and internal delta connections and the 
efficiency 9 Brake Horse poorer,, starting torque, 
starting currents 1 full load torque are to be compared. 
Perforuarice is being affected by saturation and harmonic 
effects. A discussion Is to be made about these 
effects also. The complete performAnce of induction 

motor with stator, in star or delta with change of 
turn rjtio is disawsed in the follow chapters. 
Chapter I 	Introduction. 
Chapter II 	Analysis 
Chapter III 	Horse Power Rating for Different 

connections. 

Chapter IV 	Winding Connections 
Chapter V 	Tests 
Chapter VI 	Harmonics & Its effect 
Chapter VII 	Results 
Chapter VIII 	Coy: t.-nts . 
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TABLE H0. 1.1 

A 

1 HP 
 

200 H.P 

0 utpat 

I 
Inter- ;3peed & 
>aittant speed vane-
requite- tion. 
Ment. 	I 

6 tarting 
condition. 

Trensaission 
condition.- 

output of  } from 1/10th to 1000 H.P 

Constant  Cpeed j 	multispeed I variable speed 

 

365 rpm i  3000 rpm 

Running speed lying, between 1000 rpm and 500 rpm 

!Light load starting I fall load starting overload starting 

belt drive  Rope drive Cear drive, chain drive, overload drive 

Horizontal spindle  Vertical spindle 

Load condi-
tion. 

Continuous running  Intermittent running 

Nature of 
supply. 

rafor-
ced 
require- Atmospheric 
Ment  condition. 

etn':1 U)i- 
ttde.  

6.C. , 1 phase, 2 phase 	 3 these 
25 cycle 	 60 cycle 

A frequency between 0 	 & 100 cycle 
200 'V 	 600 V 

k voltage  between 100 V 	 & 11000 volts 

Different forms of inechanicmi  protection 

Temp.&  A temp. rise, on duty ! of  between 250C and 50°C 
altitude 

Supply 	various limitation in starting current and power factor 
regulation - 	------'-_ _.__.. _- 	 _—_ _ 

Tarrif 
restriction  Limitation to desirable  Power factor and efficiency 
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ANALYSIS 

A. GENERAL OUTLINE 

The performance of an induction motor is made 
up of a somber of different characteristics . It must be 
able to start its load without drawing from the supply 
circuit an abnormal amount of currant. It must be able 
to carry its load, as long as its runs, with a reasonable 
temperature rise and at a reasonable power factor. It 
must have a good efficiency. It must have o' a 'load Caps-
City of from one and one half to two times normal fall 

Rte\ 
load torque with-o+, t pulling out or stalling. 	dtt must 

have all these -, without an appreciable amount of noise 

due to magnetic leakage or windage. Sow of these charac-

teristies may be favoured at the expenses of others as 

for example f  it is possible to get a high power factor 
at the expense of having a vary small clearance betwen 
stator wad rotor 9, or it is possible to hav, a high 

effieiency at a cost of low starting torque and high 
starting current. To get a true comparison of the ralakcve. 

ted merits of two competitive ratings„ all these points 
Rust be considered and given their due %Might in view of 
the seryics in which it is intended to use the motor. 

It is understood that all these characteristics 
are affected in various ways by the different aetors of 

10 



the desiang that is to say by the axial length of the iron 
core as compared to the rotor diameter, or by the number 

of slots or the kind and thickness of the laminated steel 

used and natters of this kind, but the thing which has 

the greatsit effect amt which can most easily be 

codified is the number of turns in the stator. 

The aim t consideration in the aperation of an 

induction motor are starting torque =starting current, 

air gap or clearance, power factor, offtcianey 9  heating r  

aa=ines torque or pull out torque , noise and ste chanical 

vibration. The motor with favor number of turns will have 

relatively a higher starting torque and higher starting 

current , it will probably have a lover power factor vh ere- 
Y 

as with larnger number of turns it will hero relatively 

lover starting current and torque, the efficiency depends 

on the relative value of iron and copper loss. 

It viii be noted that these changes are the sacro 

as would occur it the voltage were raised or towered on 

any motor. Increasing the number of turns in a winding 
has the sane effect ect as lowering the voltage and vice versa. 

Since the performance of the rotor as regards 
torque and other characteristic is proportional to the 

voltage per turn in the winding. So it in necessary to 
knov the na ber of turns and then cross section of copper 

wire to carry the amperes required to develop the desired 

horse power. 

11 



So to get an idea of all points, the following 

different items are considered. They are ; 

1.. Diameter and length of laminated iron core necessary 
to tet the horse power desired at the given speed and 

voltage. 

2. Magnetic flux er field required to generate the line 

voltage 

3. Number of turns of wire in series in the stator winding 

which, when out by the rotating field will generate 

the line voltage. 

4. Cross section of stator conductor to carry the current 

required to develop desired horse power at the power 

factor and efficiency that the design will probably 

5. fir. Number and also of stator slots, • idth and depth 

to aecor aodate winding (3) ^nth (4) when insulated for 

the required voltage ' 

6. Magnetic densities In the stator teeth, rotor teeth, 

core and air gap due to magnetic field. 
Set 

?. Magnetizing or no load current required t 	up the 
field mentioned in (2) with the number of turns In 

(3) with length of path required by (1) and (5) . 

8. Iron loss due to densities. 

12 

9. Iron loss due to primary slot opening. 



10. Fuaber and size of slots in rotor. 

11. :Rotor Sinding squirrel. cage or phase vawA. 

12. Figure rotor volts and Lmps„ if phase wound. 

13. Figure slip or rotor copper loss. 

14. ?i,gur* stator copper loss. 

16. 'estimate bearing friction end windage. 

16. Figure leakage reactance for stator anound rotor 
bet-t 

slots and coil ends, also rig as and bt or 

different iii leakage. 

1'7. From (7) and (16) figure power factor. 

18. ?rom (13) and (16) figure starting and maxtmtin torque. 

19. From output onc. (8), (9) 9  (13) 9 (14) and (15) 
figure efficiency. 

Since the consideration for the moment assumes 
a given aaehino), which already exteta f  many of these things 
are already datereined and some can be assumed. The facts 

that require cit#eking in determining a new winding for new 
conditions of speed or horse power or voltage or phase or 

frequency, and which z' be considered as fundamental ares 

1. 	Ia the core large enough to wind for the horse 
power and speed that are desired. 

13 



2. Is there cross section of iron enough below the slots 

to carry the nagnetia field that is needed in the 

air gap to do the v+ork desired. 

3. Now many turns are required in the stator winding. 

d„ What should be the cross section or size of the 
wire or conductor used in the stator vi ling ? 

S. What should be the cross section of t he bars in the 
rotor and what should be the cross section of the rer 
istenoe rings at the ends of the rotor bars, assuming 

a squirrel cage rotor winding ? 

6. will the rotor diameter permit operating at the 

proposed r.p.ma ? 

Besides the factors discussed earlier characteris-

tics are affected by type of winding and the method of 

interconnection, hence characteristic can be modified by 
the chsnge of interconnection of winding. Here !crit the 
given induction most of the necessary information as 
mentioned above are well known, along with number of turns 
on stater or primary winding. The only► modification 
carried is in the type of interconnection for different 
winding for different number of poles. And then operating 
charaetiriltic is to be calculated and experimentally 
verified. 

14 
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B. ARMA1Y TRR WINDING AND 1'!P OF CHANGE 

'he essential features of an electrical machine 

is the electric circuit or armature winding,, in which work-

lag e.a►.f.  . is induced. In induction motors  both stator 

and rotor are provided with winding. In poly phase 

induction motor mostly lap winding is used, due to certain 

advantage over wave and concentric winding. The problem 

of winding is to arrange and connect the coils in the 

several slots to obtain the required phase groupings. 

Generally double layer winding Is employed. Thele are 

two common methods of interconnection of three phase 

winding of stator. They are namely Water connection 

and ( 2) the delta connection. A third type of connec-

tion of winding may be employed,#  which is the combine- 

tfon of star and delta and is known as the interconnected 

delta. In general or the method of connection are first 

selected to fulfil the ill known operating condition of 

induction of induction motor and then the design completed t  
and other performance of induction motor determined. 

But change of connection may be made to use the 

same core and turn placed in the slot of stator for as 

many combinations of phase ! voltages  pole, cycles and horse 

power as possible, leaving induction motor entirely normal 

and performances in all essential respects remains the 

sass as before reconneeticn. Such changes, for example 

are represented by connecting the polar groups of a 
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winding in series for 440 volts and in parallel for 220 

volts • 	these are classified as *legitimate changes* . 

A second type of change leaves the performance 

in  soxs respects unchanged and alters it in other. These 

aay be represented by operating a motor in star on 440 
volts and in delta on 220 volts . In this change there is 
little change in efficiency or power factor 

The s ta?ting and maximum for. ues on 220 volts, 

however are only 75 19 of their value on 440 volts. in such 
tJ- 

case the sd aiaibilitj of the change depends amt entirely 
on the work that motor Is doing. If the torques at their 
altered values are sufficient to start and carry the driven 

load easily . There is no objection in operating the motor 

indefinitely ns so reconnected *  since the motor will not 

run any warmer than before and its of 'iciency and power 

factor may be better#  Such changes may be classified as 
'possible changes' . 

A third type of changes leaven a motor operative 
in the sense of producing torque enough to do the work 
required but so alters Its performance as to heating as 

efficiency or power factor:  or insulation,, that it is 
undesirable to leave the motor operating indefinitely 
in such a condition. * his chnnge is classified as 

aaksrshift or *undesirable changes'. 

The change in type of connection with fixed supply 

voltage is also a typic of Chang* above mentioned in which 
Y 

some of performance remains unchanged, but some of the 
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Derformances charges . 

C. DISCUSSION ABOUT THE DIFFERENT OPERATING CONDITIONS 

There are five main operating characteristics, 

namely , volts, phase, poles, cycles and horse power. Any 

change in the operating characteristics of a motor may be 

reduced to terms of a voltage change and that if the 

corresponding voltage be applied the operation under the 

new condition will be approximately the normal operating 

conditions under the original condition. A brief resume 

is in order to stating how each one of these may be consi- 

dered as a voltage change. In other words if, for example, 

+he horse power 	or phase of a motor is to be arbitrarily 

changed, what will be the new operating voltage to secure 

this result ? Taking these characteristics in order, 

a voltage change is self evident since every thing is to 

be reduced to voltage. 

In the case of a change in the number of poles, 
i- 

if the voltage, be changed in the same direction and by 

the same amount as the change in speed. The torque will 

remain essentially constant, and the horse power will vary 

with the speed, being greater at higher speed and less at 

lover speed in exact proportion. However, there is not 

enough iron back of the slots to permit, of keeping the 

same total flux, and d viding it into fewer circuits , with 
of 	- -gaster flux per circuit, the voltage may be kept constant 
and the horse power will remain practically constant. The 
latter condition would mean that there is less total 
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magnetic flux and less torque and higher speeds and greater 

total flux and greater torque at lover speeds, as must 

necessarily be expected since the horse power is constant 

and (horse power =  tP1O1L = awed  ) 
5252 	l  

1! similar statement can be made for change of frequency. 

s 
These rams inig only a change in horse power to 

be converted into a voltage change, and this is apparent 

from the fact that In any motor the horse power is propor-

tional to the product of the voltage and current. Since 

the cross section of the copper conductor remains the same 

and hence the ampere remain the same, the only thing that 

can vary is the voltage, and it follows directly that to 

get more horse pover ont of a motor require the applica-

tion of a higher voltage and less horse power, will permit 

the use of a lover voltage. 

From these considerations it appear that the 

effect of a change In any of the characteristics of the 

motor can be balanced by the proper change in the voltage 

The number of turns in the winding or connection of the 

groups may be changed. 

As the effect of change in the operating vot-

tags+ is equivalent to change in turn. Change in any opera-

ting condition is balanced by change in voltage. So the 

change in any operating condition can be balanced by change 

of turn. Fence s change in horse power can be met not by 



change in equivalent turn. The change in equivalent turn 

is acco*plished by changing the type of interconnection. 

So Merely change of interconnection for a given suppby 

voltage changes the horse power rating. firequoncy. remain- 

Int sass, speed of induction motor decreases when 
s< 

number of poles increases,  vice versa• If the supply 

voltage Is sass,. ! 	dowering the number of poles 

increases speed, and hence decreases flux per pole. This 

causes decrease in torque. But horse power will remain 

constant due to relatively same increase in speed and 

decrease in torque (Because Horse power ippbpótonal 

to torque and speed. )Horse power will remain constant 

if the pole, of p 1-s increased p* ovidod supply voltage 

again kept constant. If the supply of voltage Increases 

in such a way,  the proportional incre .se in voltage is 
equal to proportional increase in opeed (due to decrease 

of number of poles) Then the flux will remain constant 

So the torque and as a result, horse power increases with 

increase of speed, approximately in same proportion. So 

_ change in poles causes changes in torque or horse 

power, depending on the value of supply voltage, kept cons-

tant or charges proportionately. Change of method of conn-
action (star, delta#  internal delta) is equivalent to change 

in voltage. So winding connected for different number of 

poles, with different type of connection (star t  delta or 

internal delta) gives different value of horse power, 
speed and torque. 



20 

Increase in number of poles increases the magne- 

ti sing current, hence reduces the power factor, and 

decrease in number of poles,, decreases the magnetizing 

current, so increases the power factor. This change 

in pole will change the resctsnes ear by saturation efect. 

A polyphase winding may be connected so that 

the rotor will operate at either of two speeds, the higher 

speed being twice the lower speed . If the pole groups 

of each phase are connected, so that successive aagneiic 
polarities are opposite, north and south at any instant, 

the higher speed will be developed$  the winding is then 

said to be connected in the conventional manner. However, 

if the pole group of each phase are connected together, 

so that they create similar magnetic polarities all north 

or south at any instant, the lover speed will be developed 
the winding is then said to be connected In consequent 

polo manner. The poly phase induction motor most most 

very rigid and exact standards of performance in modern 

industrial plants. This generally implies, that each 

electrical machin+ must have torque, horse power, and 

speed characteristics that match definite requirements 

of the atechanical application. For the purpose of stan-
dardization the multi speed motor is devided into three 

general groups. They are (1) Constant torque or 

variable horse power motor which develop* approximately 

the some turning effect,, or torque regardless of speed. 

(2) Constant herse power variable torque motor whose 

turning effact or torquer, varies directly with the 
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parallel combination of conventional and consequent type 
of eonnecticn,, as fbllovr s- 

3. Const. Torque - Series delta for low speed two 
parallel star for high speed. 

ii. Count. Norse power- T ro parallel star for low speed 
Series delta for high speed. 

iii. Variable torque - Series star for low speed two 
parallel star for high speed. 

The main principles which operate to fix the 
limits of the different caahinations, such as series, 
parallel#  series star, parallel$  star * series delta#  
parallel delta, etc. possible with a single winding 
say be en+sssrrated some what in the fo l loving canner s 

1. The mechanical output of a motor is Baited by 
the cross section of copper available to carry current 
and by the cross section of iron available to carry 
magnetic flux. 

2. An induction motor is also at all times an alter-
natint current generator as veil, and the voltage geneoa-
ted by its own rotating field cutting the conductor 
of its own stator coils Must at all times very closely 
approdisat. the applied line voltage, 

3. it is necessary that the pitch or throw of the 
.oils bear reasonable pbysical seleetion to the number 
of 10144 that the machine bas. For example in a 

0 
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four pole motor the coils should throes some where 
near one .fourth of the circumference of the stater borer ! 

in six pole motor#  soaswh6wo ne'r one sixth the eir%► 

cuaferonce and so on. 

4, 	All changes in operating conditions whether 

of horse power, voltage, phases, frequency or poles 
say be reduced to terms of change in voltage,, and 
s0 cons iderod. 

5. 	An induction motor is similar to a transformer 

in that the number of. turns in series in the winding 
must be varied in the some direction and by the 
some percentage as any changes in the voltage applied 

In addition to these principles, the following 
practical considerations must be remembered. 

S. 	'fbe new voltage $ which is applied to a recooaar 
acted motor must not exceed the limiting value of 
the insulation which is on the coils. 

b. 	In reconnecting f r higher speCds the periph- 
oral speed of the rotor must be kept down to a safe 
value so that the centrifugal forces does not damage 
the rotor cors or winding mechanically. 

e. 	In a sound rotor motor the rotor viMing 'most 
be senneetad for the some number of poles as the 
stator winding. 
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to 	In. a squirrel cage rotor if radical changes are 

made in the number of poles9 a chance may also be 

required in the short circuiting rings of the 
squirrel +cage rotor winding in order to keep the proper 

starting torque. 

e. 	Zn a pole group winding the individual coils Qi- 
the beginning and and of the phase groups have 

~ec.,vice- 
us a to l ly qtr insulation theA the inside coils of 
jrouj. Where this is the csxaaf When reconnecting 
for change in phase or poles, the coils with the 

heavier insulation should be shifted to their proper 

new places in the ming. 
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HORSE POWER RATING FOR DIFFERENT CONNECTION 



R.P. RATING FOR DIFr!EW? CONNEMON 

A.  BASIC PB !C LB 

It is said that there are three methods of in- 
tereonnection of 3 phase double layer winding . They 
are star connection#  delta connection and internal 
delta connection, All three types of connection 
is shown in the 'Figure No.c v 	 Different 
type of internal delta connection can be made by chssg-
ing the diff rent, but equal number of coils in delta 
volts=re diagram for these different type of connection 
is shown in Figure No. (3 ) 

For the fixed ratio of fall load torque to 
maxt* torque„ 	for sue supply voltage,, The ratio 
of horse power for the 3 connection is given by 

fit  • 	3 

Where Y is the, per unit of winding, . connected as 
dolts Is internal delta connectiotn. 

'taking the effect of saturation and harmonics 
it can be seaumed that 
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F/C 31 (C) 

A' 

,C76 3.28) 

z 

FIG 31 (8) 



1  HP 	int A 	HPC  _ 1 = 	3  
3.6-3.9Y +1.3Y 	3.3 

...(3.2) 

If the required horse power rating for the three 

case be 

1 	1 
EPA int. "s TIPS, 	= 1 ; _._.- 	s 3_.__w._ 

X

....(3.3) 

Then Y = W - 	X - 0.52 	.... (3.4) 

So knowing the required value of horse power x 
the proper value of 7 can be calculated by equation 
3.4. 

Another approximate rule in determining the 

ratings is that the ratio of horse power ratings for 

different connections is inversely proportional to the 

stator resistance between line terminals. 

Let V = Line voltage 
V12t} Voltage across terminals 1 and 2 at no load 

V230 " Voltage across the terminal 2 and 3 at no load 
Y12X, = Voltage across terminal 1 and 2 at 	e conditic 
V2 

	

	= Voltp.ge across terminals 2 and 3 at led conditic 

Then approximately 

1Y 
'120 	-------- • 	 ... (3.5) 3.2Ct 	

,1-7+ 
3 
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Y 
V 	: == ... ( 3.6) 
230 	t 

_-~ ~` - 	`  
1Y +-- 3 

 .4- 1. Y+ ...13.... , 2 
V 	 3 

	

3 	2(112/3 .Y) 	V2 
I =Y+..~. 

3 

..(3.?) 

	

±1
Y 	21. -- 24Y f 7 Y2 

Y23 ~ ~ (3L2') 	1  2 	'  

...(3.i) 

The ratio of fall load currents neglecting saturation'. 

	

t int.Y 
 z1: 	i 	. __m 	t L/3 

(3- 1026'77) j 1-Y + Y2 
3 

and considering saturation, ratio of full load current 
is'. 

2.  
w int. 	 3.; 136 -3.97 + 1.3 Y2 (1.73-a.`?3Y) 

...(3.10) 

Putting the value of V in equation (1) and (2) Horse power 
rating is to be compared for star, delta and internal 
. _.._- ---____.__ 



Similarly put*ing the different possible 

value of T in equation 3.5, 3.6 ! 3.7 $ 3.8 voltages 

can be calculated also similarly current can be 

calculated by equation 3.9 and 3.10. 

Completing two layer winding for a particular 

number of poles (two y four, six os= At pole) and connecting 

the same in the star, delta,, mat or Internal delta for 

different values of y. The load test, no load test, 

Locked rotor test can be performed and characteristic can 

be determined, and also no load voltage, full load voltage $ 

Load current $ Horse power 3 raitng, obtained by experimental 

result as well Ps by calculated value can be compared. 

The calculated value and experimental value is given in 

Chapter VIs 

'XA L' 

As for example complete winding for 4 Pole, 6 

pole or 0 pole and connect it to star; delta and internal 

delta for y a 1/2 as shown in Figure 31(3). Supply 
voltage to stator equal to 250 volts, across AB, IC, 

and Ce determine the value of V12Q $V23 0 , V13 , d~ 33t- 
Q 	 C c~ A- 	v

by 7:quation Ito (3.5) to(3.8) , compare the calculated and 

experimentally obtained value. Similarly measure the 

value of 7,T 1 and ~ 	, compare this value with 
calculated value. 
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The voltage across each component of stator is 
vector sun of 

1. !.MJ. generated. 
2. 1 z drop in that Winding. 

cU', 
First consider the no load -c•1et1t+on and neg- 

lact Is drop. 'rhe vector diagrami for interconnected 
delta ire Figure ~ ? ► 9 will be as shown in Figure 3.2 A. 

Let a = voltage Induced in each winding 

:. Voltage F4 	C - 4we ; .. DO x . 1 e 

oD ~--1— I"? - 2 Mo 
3 

	

1 	 1 
No 	= " ".. Gm 	 "" .' e 

	

/3 	/3 

1 
• ®D = 	 e 	= 0.289 a 	--- 	( 3.21) 

. 	UA * dD2 	j +0D2  = 1.5 a) 2 + (0.289 e) 2 

a ® J 0.25 + 0.0836 = */2,3335  s 	}.52? e 

.....(3.12) 

Let Line voltage s V x 25 volts 

. 	OA = v//3 	= 	256// 	=* 148 volts 

By equation (3.12) 

• *V z V 
OA 	148 

5' 	= ......,...... * 	..... =96.8volt; 
1.52? 	1.527 
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Nov resolve internal delta into equivalent 

X 	as shown in Figure (3.2$ 

Impedance per branch = 7/ 3 

I7 drop in winding a' 	= 3/4 	Iz dro.. per phase 

Ia drop in windin.; a 	 x 1/4 . Ir drop/phase 

The vector diagram for oerrt, induced voltage 

an 	o~F is shown in Figure 3.- (A)IDIM . 

consider 
First df all /ideal case 	i.e. effect of 

saturation and harmonic is neglected. 

For the connection of delta and internal delta 

the ratio of flux per pole changes with load, but 

approximately it can be assumed that changes in flux 

due to load is so small that changes in the flux 

due to load when compared for both connection can 

be neglected. The flux is proportional to the voltage. 

Therefore neglecting the change in flux the to load, 

the tatio of flux for both connection is equal to the 

ratio of induced voltage. 
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Induced voltage in winding at 

Figure 	 x 1/2 . Applied voltage 
256 / 2 =138 volts. 

Induced voltage in a8 
Figure <~• 19) 	= 96.8 volts. 

8 
--,"'...._" .' 	= 	"'"""' 	= 1.323 	.... 3.13) . 

into 	96.8 

Nov torque is proportional to flux and current 
and . the current Is proportional to flux. So finally tor-
que is proportional to (flux) 2 

T4 	2 
.. Ratio of Torque = 	 ) 

T int A 	A int 

= (1.323) 2 	= 1.75 	• • • t 3.14) . 

VL 
Hence torque p speed curve for connection 

given in Figure <i. 6J 	in the ideal case + an be obtained 
by deviding the torque for connection (a) by 1.75. 

To take care of the saturation and harmonic 

effects approximately a further correction vill be 
sLade, It can be assumed 

.r.. 

 

A ._... 	M 1.3 Lf.1.7s)- ci+ 1 	x.98 	. (3.15) 
T Int . 
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TQ~; C 4 	-fie g~ 

Fri eti ee4 , and tn results are compared on 
above lines. Also 3`~ 	dI"fI , Tss, !1 fl ! q fi, 
Cos fl and efficiency on full Load is compared. 

Any deviation at by speed region would be 

due to the effect of harmonics * stsay load losses and the 
change in flux ratios. 

BASIC RPLA1'ION 

When the 1- phase of stator is connected for 

internal delta as shown in (Figure 	) the horse 

Power rating of the motor depends on the basis of the 

rating : 

fl a. H.P. 
A int. 

b. H.F. 
A lnt. 

A.p~ 

max A int. 

A.P x 
ON 	's .s A ant. 

MfL 

int. 
syn. A int. 
I 

d. A.P. A 	E.P 	x ----, ...r. 
last. 	 IfL 6 Into 

I. 	If the ratiag is limited by temperature rise, 
the motor should be rated, lighter. Under this basis, the 



full load point of the motor when connected in Y will 

be at the maximum at point for ratings under the Reading 

1 to 5. 

Then find (1) Maximum torque (2) Starting torque 

(3) full load current f (4) fall load speed (5) power 

factor (6) Efficiency.  

The ratio of the rotor current in Figure 3.1(B) 

to that in ?jg'ire L) 	at the same slip is equal to 

the ratio of fluxes if deta==i'*to is neglected. 

But when saturation is considered,, then assumed 

approximately that 

- 
""" ._..! = 	 1.4 07  

tnt . 

The equivalent turns in star for the connection 
shown in ?igure 3. 1(A) is ~'p,h / Fand that 

for connection a 	shown in F1gure3(r l) for internal 
det:Fa 	 ph 

d 	connection is 	Y) 'kph + ' ---- 

Therefore, 

I lead coon. inD 

lid coag. in IN Into 

..0.(3.17) 
'ph 

1.407 ---p-l3 

/3 _ 

0...(3.18) 
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'•lith the connection shown in Figure \3 	in order 

to bring the horse power of the motor back to horse power 

rating of delta connection the applied line voltage 

should be'approximatly V a 256 x /1.98 	= 256 x 1.407 

= 361 volts 

This is to be checked with the Test results 

In general, due to phase displacement of the 

currents in the coils internal delta connection will 

introduce targe harmonics. ' hc- harmonics in internal 
delta connection and other type of connections are discu-
ased in Chapter VI. Those harmonics will produce a dip 
in the Torque / speed curve, will reduce the st o4rting 
and maximum torque and will increase stray load losses. 

However, it does improve the power factor at light loads. 

The discussion made for the value of Y equal 

to Xt `j z  but similarly we can discuss about the 

horse power *  current, torque, ratio for delta and internal 
delta connection, for the different values of ' and 	1 

deterffiinsol values can be compared. The value *calculst-ed 

ui& obtained with tent results are given in Chapter V 

Nov Before giving the actual test ' asult, and show" 

i 	 neo, the winding diagram, 

along with different connection for different number 

of poles is to be discussed. 
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1. 407 (1-0.5) T h  + 	 * 1  
p 	1.7332 

?ph 

1.732 

0.5 '?'ph 
1.407 x 4.5 x'ph + 	1 ?22 

Tph  

1.732 

1.732 x 1.407 x 0. S 'ph  * 0.5 ?ph 

1.732 

TriI1.732 

z 1.732 x 1.407 x 0.5 + 0.5 

1.218 a 0.5  

!.ssume that the exciting currents have the 

same ratio and. hence the same phase relation . 

Then 
= 1.72 

int. 

do the current jf s speed curve for connection (b) 
can be obtained by deviding the current in connection 
Shown in figurea  Q' #1 	by 1.72. 

The calculated and test results are to be plotted 
and coapared. 
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CHAPTER IV 
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' MMTNG co m !c r tON 

A. QIIMAL OUT LIVE 

The primary function of every current carrying 
armature winding is to create magnetism . To accomplish 
this vost effectively , the copper coils # constituting 
the armature winding, must be arranged in definite 
symmetrical patterns in the slots of the armature core 
and joined together in accordance with wit established 
practice. Total number of coils needed i& equal to 

total number of slots for double layer winding $ but for 
single layer winding number of coils is equal to half 

~.e 
the -fir of total number of slots , In hop and wave 

winding all the coils are identical, however # wh'n coils 
of any of the windings indicated are placed in the slots of 
the core s it is done with complete regularity f 1.., 
the procedure that is followed for one set or group 
of Boils is repeated for every similar set or group 
of coils. When the individual coils are iotereonnacted to 
fort the completed ac winding, it is necessary to join 
then together so that (1) the proper coils are grouped 
together to form pole phase sections. (2) The proper 

polo phsse sections are combined to germ. tbe individual 
phas" 
pars 

 
with the correct polarities (3) The individual 

phases are Interconnected to form the proper poly phase 
connection. 
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The number of coils in a pole group is equal 

to the number of slots per pole per phAse. The pole 

r•roups are genii ly connected in series # but may be 
connected in parallel to suit the voltage applied when- 
ever it is needed to charge the applied voltage. 

The pole groups are connected In series in such a 
way that the pole group of each phase are connected 
so that successive magnetic polarities are opposite Worth 

and South at any Instant. In this case number of pole 
is equal to number of pole group per phase. All the 

coils its n pole group are joined in series because the 
coil construction and connection procedure autoiaticeliy 
join together the coils in each section in this way. 

The induction wrotor selected to perform the 
experiment is of the squirrel cage rotor type; of 2 H.F. ip a 

andeoupled with a D.C. machine of the same horse power. 
This induction motor is designed to provide various types 
of connections with respect to number of poles in a 
three phase distribution winding. The stator of the 
induction motor has 36 slots wound with 36 coils in 
two layers. All the ends of the a oils are brought out 

and numbered as shown on the connection board, The 
ends of the coils are indicated as 1-1019  2-102, 3-103, 
4.104 ...... 36-136 . rich coil containing 38 turns of 

21, S."r.G. super enamelled copper wire in series. 

The machine can be connected for 2 poxes, 4 poles ! 
6 poles, 8 poles . Then 3 phase can be made in star f  delta 



or internal delta. Three types of pole changing conn 

eat tons can also made for 2/4, 	4/8 poles, for 
constant torque, constant horse power and variable 
torque and horse poorer. 

*,e 4411 give the connection dtgram for 4 polo 
6 pole and8- a for delta star and internal delta 
connection. The possible number of internal delta for 4 
pole winding is 3 , for 6 pole is 5, a -for 8 pole 
is?. 

B. FOURPOLE TMFr M ,AU COIL con-r MOPS 

A winding of suitable lager% type for 4 pole i ill 
have folio n~► details $ 

~yb 	~vles 	
- 

t3-No. of pole group per phase 	4 

No. of pole phase group 	= 12 

• • ' o. of coils connected in series to form pole 
group 	= 36 / 12 = 3 coils. 

'Petal electrical angle 2600 ' x , / 2 = 7200 

.: Angle between any two slot = 720 / 36 	200 

.: Angle spreid by 3 coils forming a pole phAso 

group 	 600 
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go. of slots per pole = 36/4 ,-v 9 
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Fg 4.6 

Flo 

5% 
C 

V- 



For fail pitch coil wirndin =9 span should be 
s(*k 

equal to 9 fir. 

'o form 3 phase wtn j Ing, spaced 1200  apart in 

)%Paces number of slots between two phase equal to 6 

so if phase A start with slot 1 then phise B will start 
for slot ? and phase (c) will start at slot (13) 

'he conn-ation diagram with decrease of current is shown 

in t `ir:'ure 	11 4-q 2 .. 

each phase is hPving four pole groups  which is 

shown in F jg are 4• 4_t1-L. 

`these three rhrse can be ornnected in delta, 

star and 3 intern^l delta conned :tor.. The delta and 

star connection is shown In Figure! 	1' V- 9 ,  grespec- 

tively.  

Three possible number of internal delta connec-

tion with one pole phase group in delta, 2 pole phase 
group In delta, 3 Able phase group in delta is shown 
in figure 	 & q,1 respectively. 

C.  SIX POLE` Tmr- ?H ASF COIL  

A double layer winding for 6 pole will have 
following details. 

?umber of poles 	 = 6 
number of pole groups per phase = 6 
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Number of tout pole phese group 	 = lR 

too. of coils connected in series to 

form a pole phase group 	= 36 / 18 = 2 

,ots~1 eloctricP1 degree = 360°z 6/2 	= 1080 

0 Angle bete een ^np two slots 	= ioeo/16 = Sb 

~YVw `-4J 

Angle spread by 3 coils fromtng pole 

phase group 	 = 2 g 300 = 60o 

no. of slots per pole 36 / 6 = 6 

•: For full pitch winding coil span = 6 slots. 

To form 3 ph se winding, spaced 3.200 apart in 

apace # number be: of slot bet ,ecn two phase equal to 4. 

when '&Use A :starts from slot (1) then phese ('q) 
s Warts from slot 5 f and ph,se C starts with slot 9. 

The connection diagram 	 -k-'mow direction of 
sk,", , 

current in pole phase group in rFigure ito. 	~~ 4~ ►,$p 

Delta And star connection is shown in Figure 
y ~ o & q'► 	respectively. 

In this 6 pole winding, there can be 5 possible 

types of Internal delta connection. The internal delta 

connection with one pole phase grown s tvo pole phase 

group D three pole phase group, 4 pole phr.se group, 5 

pole phase group in delta is shown in figure 

i, - , ~ 	'1 ► 	respectively. 





A - GeN#z4 ou±~ir~ - 

It is discussed in the previous Chapter that 

change of connection of stator winding of 3 phase 

induction motor causes a change of horse power out-

put and an approximate relation of horse power when 
connected for delta, star and internal de i t . To 

justify the expression it becomes necessary to have 
certain definite teat on induction motor . Along with 

comparision of horse power rating, different other 
characteristics of induction motor# for the different 

connection, (delta, star or internal delta ) for diff-
erent number of poles must be compared so that relative 
advantage of different comae ction can be notified and 
hence can be utilized. The other characteristics is 

to be eomp*red are magnetizing current, power factor, 
starting torque, maximum torque„ full load torque#, 
the efficiency, over load capacity#, spied-torque chars-

eteristic. 

The machine selected for the test is of the 
squirrel cage tyle• where all the dimensions are fixed. 

The only change that will be mads is in the winding for 
different number of poles and in connections,, for 
delta star and internal dolts, change in number of poles 9, 

43 



chances magnetising reactance. Magnetising reactance 
is inversely proportional to square of number of poles. 

so magnetizing current is also changes with change in 

number of poles. Similarly harmonics and saturation 

has got also some effect on some of the above 

mentioned characteristics. 

Performance calculation can be made by two methods 

1. on the basis of all the physical data, obtained by 

its original designer * 

2. By test data. 

Herr* the machine is not supplied with physical 
data by the manufacturer, so only way to know about 

the operating characteristics of induction motor Is based 

on experiments. 

Foremost necessity in calculating the perfor-
nonce to know the circuit constants of induction motor 
They are resistance,, reactance of primary (stator), 

secondary (rotor) and magnetizing branch of ,  the. machines 

some of these 	are fixed and some vary due to aaritio.n 

in operating condition of motor . Friction and windage 
e I KUIt. 

loss can also be considered one. of the ei*nt constant 

for calculating the motor performances. 

To calculate the circuit constants of induction 

motor, and the other performance under different operating 

conditions the following tests are comnonly carried out: 
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1. No. load test. 	 - 

2. Blocked rotor test 

3. Resistance test 

d. 	Load test 

5. 	'urn ratio (for slip ring motor) . -+~ 
6• 	Temperature rise, test. 

7. Insulation test. 

8. Back to back test.  

A mong the above mentioned tests first four 
tests are most essential And sufficient for our purpose, 
to calculate the performance and to compare the different 
characteristics of induction rotor. S o only these tests 
are to be performed. 

The circuit constant calculated by the test 
does not agree with actual value,# because they are effected 

by certain factors, so they need some modification. As 
for example the value of X (reactance) and R(Resistance) 

should be modified to allow the magnetic saturation and 
eddy currents. Before discussing about the modifications 
discussion about the different tests is being made. 

1. No Load Test 

This is one of the moat informative tests, which 
gives the core and pulsation loss, friction and vindage loss, 



magnetizing current, and , no load power factor. Further 

any nochanical unbalance,, noise faulty connections etc., 

Sr. reuealed. Magnetizing reactance can also be calculra" 

ted. 

To per form this test # a winding for proper number 

of poles (3 wo p four ! six or--eight poles) is made and 

connect s in delta, star or internal delta connections 

are made to supply normal frequency f  various voltage * and 

instrument .including to measure the voltages, Input power, 
and the current. Motor is ran with its rotor in the normal 

conditions i.e. * short circuited when the motor 

has run enough for its bearing to show distress if faulty#  
the applied voltage is raised to about 25 9 over normal 

and input power and current observed. The slip is measured. 

It is difficult to accurately measure speed due to very low 
slip. The readings are taken at lower values of voltages 

down to that at which the current starts again to rise. 

When the voltage is decreased current decreases, 

when voltage comes to nearly 25 the normal voltage 

current increases, similar is the case with power input. 
Thi slip and power factor increases with decrease of voltage„ 

upto 50 %, if the normal voltage increase is small, but 

after that increase in slip and power factor lS very quick 

Here the power voltage curve is parabolic in 

shape. These power #utFput is to supply the core and pulsa-

tion loss, windage, friction lose and stator copper loss# 
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which is small coapar'tiveiy. Knowing the value of stator 

resistanceIcopper loss can be calculated. Pb. parabolic. 

curve when extended downward, cuts the power axis curve at 

some point to voltage supplied. The value of power input 
is equal to friction and windage loss. This is also obtained 
by drawing a curve of power input with respect to V2  which 

is a straight line and extending it to y axis, the intercept 
on y axis at Va  = 0 gives  the value of friction and windage 

loss. This loss is asiuned fixed when friction and windage 
loss and stator copper loss at normal voltage is deducted 

from power input„ then rest gives the value of core and pul-
s etion toss. The core and S  pulsation can be assumed coastent t  
actually speaking core loss which includes hysteric: ad 
eddy current loss vsries with slip under loading condition. 

Pulsation loss also depends on relation of speed of rotor 
with respect to stator and number of type of slots. For 
a given machine this can also be assumed constant. 

Also by knowing no load slip and ne asuring no load 
slip of motor total high frequency losses (Pulsation losses) 

polus friction and windage losses can be calculated from 
the formula. 

High frequency loss -t to friction and windage loss 

q 	$ 	Watts. 
B 2  

Where 'S is the unit phase voltage„ q is number of 

phase: R2 is secondary reactance in ohms per phase and 
8 is the slip +s ' no load. 



The value of the no load current rated voltage 

and frequency fixes the starting point of the circle 
diagram. Tt magnetizing reactance may be calculated by the 

foraula 

xm  
io  

The primary leakage reactance Kl  is determined 

from the looked rotor test data. 

2. Locked Rotor Test 

This looked rotor test in induction motor is analo 

gous to the short circuit test of a trens forss r. The rotor 
is held stationary and short circuited under its normal 
running condition. Though this test consequently reveals 
no mechanical defects # but is of importance as furnishing 

the shoot circuit current and power factor which, with 

the no load current and poorer factor,#  enables the current 
diagram to be drawn. In addition the !2  R loss measured 

by the test are necessary for the estimation of efficiency 
by loss summation. 

To perform the experiment, the stator is supplied 
with a low voltage of normal frequency, to avoid excessive 
current. Thi voltage is raised in steps, with a readings 

of jcurrnt and power input, untill the current reaches 
not more than twice normal. The readings are taken quickly 
to avoid over treating. 

I 



The position in which the rotor is cbaeped may 
affect the current, if so, the variation are noted when the 
rotor is looked in various positions and a ween position 

found. 

Alternatively the rotor may be allowed to rotate 

very slowly during the progress of the test. Here the pox er 
curve is practically a parabola and is equal to copper los-s 

of stator and rotor. • Flux is very less at the usual 
short circuit test voltage. So the core loss as a whole 
viii thus be quite small.. In particular the pulsation losses 

naturally vanish and the mochsnicai losses are absent. 

Here impedance falls with the higher currents. This 

is due to the reduced leakage reactance consequent upon the 

saturation of the teeth. For the same reason the parasitic 

eddy current losses in the conductor are some what reduced R  

so that the effective resistance may also fall. Hance at 

higher carrent values the current is no longer propor-
tional to the applied voltages, but increases more 
rapidly at a power factor probably higher than at current 
in the region of the full load magnitude. 

The motor impedance per phase is determined from 

the volts,, amperes *  and watts readings. Pb. total resistance 

component for a three phase motor is R = W / 3 t 
(Ohms per phase) 

Where I a per phase current ! V a Total input watts ! 
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and the reactance component is 

t 
	

(4hms per phase) 

Where 19ph 	= phase voltage. 

The test value of reactance X,t  from above equation 
is a little smaller than the true value of reactance, becs- 

use the formula assumes the line current to flow through the 

primary and secondary Impedance in series, whereas actually 

the magnetising component of the current flow in the 

primary winding only. A small correction factor must be 

applied to X , therefore to obtain the reactance 'X' for 

use In equivalent circuit calculations. 

Normally the primary and secondary leakage reactance 

vales X1 and X2 are assumed equal each having the value of 
X/2. 

Th?.e Figure No. 	shows the circuit diagram 

for the experiment. 

3. Resistance Test 

The primary resistance is measured with direct current 
M 

a curve about one quarter of full load value being prefers- 
bly used and readings being taken quickly to avoid errors 

due to temperature changes during the test. The resista-

nce calculated is corrected for Temperature 76 C when test 

is carried out at room temperature. 



oubstracting the primary resistance at the temper 

stun of test from the resistance component of the total 

impedance* gives the effective secondary resistance at 

stand still. 

4. Load Test 

This is the most important test for the induction 

motor, because with this test quantities for pull out torque 

or starting torque are to be furnished, these may also be 

investigated, and with test -ate efficiency ) brake horse 
power factor, torque, and slip can be determined at 

various loads. 

P`or this test an absorption brake or a coupled 

calibrated d.c. generator may be used to load the machine. 

The motor is operated on normal voltage eM frequency 

at loads between sero and. 50 percent or 100 percent 

over load, readings being taken of voltage, current in all 

phases, total power and slip. 

A curve for speedy power factor, efficiency., 

brake horse power, torque and slip to a base of percentage 
L S .ko ~t aC -sn ti 

normal full load current. The torque.current curve which 
can be drawn will be fairly straight as mar brake horse 

power curve , 4tnce the speed is nearly constant. As 

current increases from no load value, the power factor rises 

to a maximum near full load. Power factor will fall again 

to short circuit value if the load is increased and the 
motor stalls. The efficiency Is zero at no load* but 
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with rise to a aauiaum ,. where roughly the 1% losses 

equal-  othe no load losses. Thereafter the efficiency falls 
because the losses increases more- rapidly thon the output. 
The circuit diagram for the experiment is shown in 

Figure loo. ' 

5. Correction for the Circuit , aotautt 

Although the performance of a poly phase induction 
motor can be easily visualized by the phesor or circle 
diagram, it is not convenient to make exact or repetitive 
calculations by these graphical methods. For this purpose 
the equivalent circuit offers a far more convenient and ver-
satile method of analysis. The exact equivalent circuit dire 
to IS tetnmets' normally used for this purpose is shown 

in Figure No. 	- 

the constant of the equivalent circuit can be deter 
■!.nett by a no load test ♦ locked rotor test. D.C. resistance 
test. 	In prnctiee so fialled constant of the equivalen-t 
circuit or circuit impedances vary somewhat with changes 
in motor current, speed, voltage, temperature!  etc. 'her 
variation can be taken ctre of by introducing, appropriately 
modified values for each condition of operation. Usually 
the resistance of stator winding carrebted for 750  C. 
Also lower v lues of motor reactance taken under fall 
voltage starting condition , when the current is high and 

the leakage path is saturated, then full speed when the 

current is low. Similarly non uniform current distribution 
in the rotor conductor causes the secondary resistance to be 
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higher and the secondary reactance to be lower ? at stand 

still than they are at full speed. All these variations 

are recogniaed in practice by using test or calculated 

values appropriate, for the particular condition. 

Instead of varying the circuit constants to take 

an account of all conditions it is often preferable to 
: 0 

make circuit calculated with fixed values of the circuit 
constants a  and then to correct the results, if necessary 
by suitable tormmul e. 	A correction formulas kava been 
developed that sake it easy to determine the effect of 
any moderate charge in the impedance values without ^ al-

culating the whole circuit. 

circuit calculations 

For calculations of circuit constant from the 
test data the following formulas are important. 

f 	y 	S 	w 
Li t 	►t 	

3I2 	3 13 

Where I 	Line voltage ( Y connection) 
. X 

2.X 	X 	1+ 	t  
t 

L 4$o  

3, 	X1 	: RC2 	as Q.5 R 

4. 	LAX a R - R 

	

t 	2 
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5. 

• W + W F 	w 	- 3 
FCL 

( - Vs 	stray lead loss is equal to 0.01 to 0.02 

ties rated output at full load„ and varies 

as the square of the load current at other 
loads) . 
V 

I 	I 

If values of torque y currents etc, # are desired 

for considerable overloads s or to through out the accel,ors-
ting range, the values of 2 and X should be modified 

to allow for magnetic saturation and eddy currents. Curves 

for reactance against current obtained by locked rotor tests 

over the desired range of values, and a value of "fit, end 
corresponding values of Ax 	obtained by locked rotor 
tests at different frequencies are desirable for this 

purpose, especially for closed slot oV double squirrel 
cage rotor. 

6j GENERALIZED cimcuTT CALLCULATIONS 

To facilitate the derivation of forat ls+s and chart 

from which any desired characteristics of a polyphase motor 

can be determined, it is convenient to make use of the 
folloving symbols ;- 

III 
~z, 	Ratio of sio load current to primary current. 



t x 
b 	Ratio of apparent leakage drop at 

R0 	 ass =rd load to impressed primary 
voltage. 

Ratio of primary resistance drop to 
Ro 

impressed voltage. 

II R. 
d = ~----~ 	Ratio of secondary resistance drop 

Ro 
bused on the primary current to impressed 
voltage.. 

Core loss 
h 

Volt -Awp-input 

Also let 

= ratio of core loss watts per phase 
to volt - Asap input per phase 

at the load under consideration. 

5 	3.710 	so, 

ratio of apparent percent secondary resistance 
drop to percent slip. 

to X 	x 
ab * 	 * the leakage factor. 

C• CALCULM 'IOr ZSR "`1! R 'GIO? CF STAND SILL 

Etr In the calculation near the region of stand still 

following correction will be done for the calculation of 

parameter. 
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ab 
e . X 	C i + 	) approximataly. 4 

b. Apparent secondary resistant At  9  approximately 
measured in the locked rotor test is smaller then 
the true value by the factor ( I - ab) . 

e. Starting torque is less than the torque that would 

baa obtained if the wagnett*ing current were zero by 

the factor 

ab 	 ab t + 	t I-ab 	{ 1 - 	ap yr oxisately 

D  CALCULATION I € TV? REGION QF FULL LOAD 

For this case `ai K — b I + — + h - a + 2 a b2 
2 

This equation is useful in making performance cal-
culationa from the test results, for there is no suitable 
means of directly measuring P, , and a knowledge of this 

is essential for the start of equivalent circuit caleu 
lation for a definite value of slip. Measurement of R2  
by stand still i pedance test involves large errors due 
to iron losses and eddy current, and an slip ring 
motors its measurement with direct current applied across 
the rings involves transformer ratio calculations which 
may lead to error. 

The normsl procedure in testing is, therefore 
to operate the motor under load, and take simultaneous 
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testings of lire current and slip# establishing a slip-

currant curve. The usual primary resistance ! running 
light and blocked rotor tests determining the value of 
a f c, b and b for any asst d value of primary current II 
substituting values in above this gives the value of K 
which In conjunction with the test S versus ii curve 
gives R2 from the identity 

	

in K s Zo 	. A check asy be obtained by 
repeating the calculations for several values of eurr~►nt 
and the same r !lc a of R. should be found in all cases. 

	

12 	2 
be - 	= 	0.98- , 	.. ... .... 

	

I 	 2 	2 

This equation is convenient for dctersinating 
the actual secondary copper lose, and hence the torque 
and rotor hosting , for any s .ip $ when the usual no load 
test data are sviilable. 

	

17 	 2 
c~. 	- 	l(.iu._ + 	• +C) + s b 

1 0  2 	g 

This is conveneint ''o- determining the actual 
s e condary flux densities and the ! it gap flux under load 
eonditton. At no load, the per unit primary reactance 
drop is ab/2 , so that$, assuming the care loss to vary 

2 as ?, a , the ratio of actual core loss under load 
to that as no load is 

2 'ffi 
d• 	$ 	( 1 + ab) (1 / o 

po (1-ab,2) 2 	2 
-2c approximately. 

4 
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This equation does not sake any allowances for 

stray load loses, which are du• to the leakage fluxes 
produced by the load oIxrrenta. It gives the sass value 
for, core loss as found . by the foraal solution of the 

equivalent cirecAit of Figure S- • L~ 

POWER FACTOR DETERMINATION 

Power factor 	 +3 a2 b2 
2 

This equation indicates clearly the sym trieal 

way in which a and b deteritne tht power fac tori, but s 

i.e., is not accurate anoufh for most performance 

calculations. Other relations obtainable from the above 

equation sho a an offeet on pour factor of an increase 

in frequency at constant line current and tvoltage has 

practically the sane as the efreot of an equal perosnt 

increase in l ins current as constant voltage and frequency. 

Also an increase in voltage with fixed I equeney and 

current has exactly the same effect on power fetor as an 

•gqil percent decrease in current i4.tb voltage and 

frequency Constant • 

f CALCULA ION Ili T 'REGION QF MAXTMUM TO QU 

Neglecting the effect of magnetizing current 

R2( 1 - s) 	r 

(R 1 + R2 ) 2 + (X1 + X2 
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Whence itazii = output is 	 2 

be HeXUM outpt1t =  t~atts . 
2 (R1+ R2) + 	(B1+ R2) 	+ 32 

and it occurs at s va1u* of Blip. 
R, 

b. 5 at iapximur output = 	________________ 

d. Maximum torque occlxra when 

The maximum torque in synahro watt is 
2 

e. Maximum torque 
+ 

Occurring at slip 

f. B2  
JRt2 

Considering the et°ect of ragn+atiztng current. 

g, ? ax 	.._ 	{ 1 .. 	. +...... 	.» 	+u,c — 	) 
2 (F + C) 

This is similar to equation e, except for the factor 

ab 	 b2 



Therefor* redaatiori of the maxim= torque due to aagnetir-

icr current. 

The value of K at maximum torque is 

a2b2 	 3aC 
h ), K * O.707 - 	- 	# 	.,..~ + .. 	,.. ....Q , ........ 

8  2  8  3b  8 

5 C2 + — + 
16 bb 

For this slip at aextaum torque is found to be 

8 ~  ab 	C 	 C R8 	 * to 	aG 
XL 4 lbs 4 a Sb 

or aperoxitr telyr 

( ti,  S  ( i +  ) 
x 

The power factor at maximums torque is approxi tt-si r 
lab 

3. p.f 	=O.707 *0 	+ ~-  

 

10  8 b 

by a similar pro€edure s thlu xiaum output is 

found out by 

k. Maxima output: 	~~.~ .... 	....r..._ 	: t i 	) 
2 RI +R, + I' (Ai+ R 	+ 
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G- S 14ARY QF FORMULAE 

For conr►.nisnce, the foregoing formols•. aay be 

expressed in teras of the apparent value of leakage 

reactance Xt found in the locked rotor test (They are 

suvisrized here) 

The true value of equivalent circuit reactance is 

• X (l+ )'t .Ohms, 
4 

The stand still current Is 
9 

b. Is — 	__. . ~~ 	... _ __.._ 	 2 
F 	(l ab) B2 	+ Xt 

and the stand stm torque is 

K1 Xe q (ib) xs2 i. c. Ts 	7.0 h _. 	_~ .__ ~_.._. 
-

. 	` — _ ft. lb. 
1s 

Where K is an empirical constant of the order of 0.9 
cable► allows for non tundaeental secondary losses, and 

X# is a factor nester than to alloy for the a bar effect 

in ttssc the rotor conductors. 

The relation betwen 1 e and B2 Lad the apparent 
•ec.ndary resistance Rt 2 determined by impedance test 

d . Ott a K0 (1- sb) B2 

the maximum torque is 
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q(1- tib) u2 
. 'r 	Syrehro watts. 

2(R1+  2 + xt 	) 

The slip at maximum torque is 

~ 	2 
i RI + Xt 

The maximum output is 
q (1- ab) 10 

2 R1 +R2 + j (Ri+fl9)2 +tt2 

Synehro watts . 

The slip at maximum output is 
R 2 

Ii. B 	1I~.__~.. 	_ 	numeric 
R2 + 	(R1 + R2 )2+ X t2 

i. The ratio of IM / Y8 a
2 	

1 1 - . ..+  

< Q.5 numeric 

The power fector is given by 

( +b)2 3. p.?. a 2, - — 	+ 3 a2b2 

oIJ 
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RARl40VIC8 AND ITS 1P !CT 

A.  G! ! AL OUTLINE 

superimposed upon the currents and forces due to the 

fundamental sine Wave field of an induction m otor f  there 

are many smaller currents and forces produced by the 

myriad of Harmonics fields that are also present. The 

parasitic magnetic fields. are attributed to a.r.f. harmonies 
originating in (a) windings (b) the slotting (c) saturation 
(d) gap length irregularity . Minor causes Include (e) 
over hang leakage., fields (f) ',xial leakage of main flux 
In some cases (g) unbalance of or (h) iarmonies In the 

3 p se supply voltage +til produce the trouble. The most 
Important causes are a,b,c & 4 tctherent in the machine. 

The effects to^lode elastic deformation i.e. shaft vibra-

tion parasitic torque, vibration and noise. The current 

flowing in the Winding produces harzonic that may contain 
only space harmonies, or space harmonics with time herao-

nice, in m.n.f. * and so in flux snd flux density is produ-

ced 9 beesuse of rectangular shape of m.a.f. wave,, and 

due to variation of currents respect to time. 

The harmonic so produced in w.m.f. flux and flux 

density uvea can be miniatmad by (a) distributed typo of 

Winding (b) ehordtflg vtndtnj(e) proper selection of phase 
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belt of coil (a) by skeving , (bP by proper connection whether 
start delta or internal dolts. 'Oven some of the harmonic 
can be eliminated completely. Discussion of winding changes 
the spec. of m.m. f. ! flux and flux density wave from 
rectangular to trapezoidal so not reduction in harmonics . 
But it decreases the resultant magnitude. Factor which is 
substituted to express ti. effect Is known is distribution 

Sin q/2 . n 
factor and expressed by formula Kd~ 

q Sirs aft 

Where q = no, of slots per pole per phase. 
oC 	Angular spacing bat-reen two slots. 

Iffict of chording causes the d+fference of phase 
between the voltage Induced at two sides of coil, so as kes 
shape of m.rs.f. , flux flux density rectangular but of 

1 
unequal length about the sic, i.e., contains even harmonics 

The resultant voltage induced is being r+ dated 
chording i.e. f by fractional p 	s winding but decreases 
some of has ntes . By proper chording, any particular 
harmonic coo be eliminated completely. Generally 3rd, 5th, 

ant seventh harmonic causes unwanted affects, to they are 

eliminated. Third harmonies is etimin ted by polyphase 
oonnectioDs, Bo to reduce 5th ei1 7th harm. 1c pitch 
of coil is kept between 140x' to 1600. The factor which 
r trees the resultant m*gnitud• of a.m.f. is known as pitch 
factor and expressed by Cos tj /2 

When 	is the electrical angle by which pitch is 
shortened. 



Proper value of phase belt 3s necessary to reduce 
the hersonics . For three phase winding the value of 
phase belt is 600. 

In the case of induction motors skewing of the 
slot has the same result as the increasing the affective 
reluctance of the air Cap towards pole tips. This skew 

reduces the magnitude of the harmonics, specially 5th 

harmonics. 

Presence of slot in stator and rotor also introduces 

harmonics in the m.m.f. wars. The harmonies dep+inds upon 
the number of slots per pole and also on slot opening. 
The order of these harmonics are 

1) , ( 	+1) • ( 	;1) y ( p + I) 

Irregularities of air gap caused by stator ad rotor 

slots , also introduces harscnics known as z~ca har- 
monies, they cark be represented by 

P 	= PQ + P I Cos (Il-S) x - B!ftl + P d C 3z + PR 

Cos R ( x . Nt) 
P~. 	P 

Where 'i 	 P 

PQ = Avorage pertneance 

half amplitude of permeance varix tion due to 
rotor slot opening. 

a = angular position of the rotor, measured in 
mechanical radian. 
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~[ 	= Rotor speed in meth. radiansper second. 
t a time, in second. 

R = number of rotor slots. 

Among this, 1(R-S)X  • RRt ~ is unimportant, this correspond 

to a field of small number of poles 2 (R•S). The term 

(R + 3) x - T Nt -: is unimport~a nt , as ins number of 

poles is too great to produce any large torque or force 
variations. 

The term Cos Stet- and Cos RR. - R lit are the 
short pitch peraeance, ripples due to the stator and rotor 

slot openings. 

B. COMPLPX HAG" 17010  OR r1?FT'CT OF SA"17RATI0N. 

When the flux density of induction motor is on 
straight line porti n of the B-B curves then thr shape 

of the space wave of the flux density or flux is similar 
to m.m.f. wave. But when flux density reaches its 

saturation value then the magnitude of harmonies is redur-
cod and space wave of flux becomes .sinusoidal , when flux 

density is on a straight line portion of belt curve, 
then the sinusoidal impressed volts;., produces sinusoidal 

flux and sinusoidal magnetising current, but when satu-

ration takes pl ce then permeability of iron portion 

reduces with degree of saturation. Final effect Is that 

sinusoidal impressed voltage produce sinusoidal flux 
or flux density even for saturated condition, but 

the shape of magnetizing current becomes peaked one. Con- 



dontaining 3rd, 5th, 7th and other harmonies. The 
magnitude depends uponft 	 ' legree of saturation. o he   

induce a lin• gave of peaked wave of agntttUrig currant, 

and to induce a flat wave of flux, sine wave of magnetiz-

ing current is necessary. So a flat tI)pped wave magnetizing 
current induced a flux wave vh1ch is still more flat 

topped, specially if high magnetic flux densities are 
reached. 

A sine wave of flux causes - sine wave of 
reactive e.m. f. to be 	duttba wir..ding, but a 
flat topped flux wave causes a peaked wave of induced 
voltage to be set up and vice versa. 

The 3rd , seventh, eleventh etc., harmonies 

inducas peaked e. e,. f. , waves for dimpled flux wave 
and vice versa while fifth, ninth, thirtith etc., 
harmonics give rise to e.m.f. wave which nre dimpled 

when the flux wave is dionled and peaked when the flux 

wave are peaked. 

(C) !F1 CT OF "A! FOM OF APPLIFD VOLt G MAON 17IWG 

When harmonics ars present in the npp 1 ted voltage 
wave, they give rise to corresponding har►ionies in the 

flux wave, these may be either peaking or dimpling acc-

ording to the order and phase of the e. i.f. harmonics. 

When a voltage harmonics is of sucks a nature i a to 
peak the resultant flux nave the r.m.s. value of magnetizing 



current is increased very greatly if high flux densities 

are reached. It ! on the otherhsnd the voltage harmonic 

is such as to flatten the flux Ware,, then the machine 

value of the magnetizing current is reduced but not 

to the same extint as it was increased in the former case. 

D.  LFFFCT OF R 'SI3'rANCrS.IND CTAwc 31  CAP CrrA1CF 

The effect of resistance, in the circuit I& 

thus to distortion flux wave, the rate of growth of the 

flux being greater then Its rat* of decay. 

where as conditional inductance cause a 

flattening of the flux wave in Iron, series capacftanca 

causes a peaking of the flux wave In to unsymmetrical 

shape. 

9.  HARMONICS IN POLY PHASE  SYSI  E143  

In balanced 3 pbasa system, connected in star, 

even if 3rd harmonic occurs, it cancels out in 

between the line. But 5th s  7th harmonic may be 

present in between line. For 3 phase delta connection, 

for balanced case 3rd harmonic voltage constitutes a 

short circuit, path $ so 3rd harmonic current flux 
such that 3rd harmonic voltage is cancelled by 
3rd harmonic voltage drop, so 3rd harmonic voltage 

disappear harmonic voltage drop, So 3rd harmonic 
voltage does appear between line. 
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In general if n be the order of the harmonic and 

lot n = 6 a „ 1 where *i3 any integer. 'hen when ats 

odd, the harmonic is reversed in relative phase, when a i' 

•pposrs in +re line voltage, and a vh•n a is even it 

appears 3n the line voltage, unchanges. ' `his rule apply 
to all harmonic except tbs third and those multiple of 
three, All these disapp,ring entirely in the line voltge, 

assuaiag a three wire system with an insultated neutral. ;.. 
The Properties of the v 	 Ii are summarized 
in the fo11.owI.og table . 

Phan• sequence 	Phase of harmonic 
in L 	voltage. 

Fundamental positive Unchanged 

3rd Fero 
5th Negative Reversed 

7th Positive Reversed 
9th Zero 
11th Negative Unchanged 

13th Positive ranch~!raged. 

In general, the third h~ rmonie and any harmonic 
the order of which ais a multiple of three gives rise 

to the phenomenon of the oscili.mting neutral, but none 
of the other harmonics shows this effect; no matter 

whether the circuit is earthed or Insulated. 
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:-•  HAR?40Y!1C IN DBL?* COWW?C'"I©N1 

Tn the ease of delta connected load each le; 

is supplied with line voltage, The latter may contain 

various harmonics, but in a balanced system the tripplen 

harmonics are absent. The wave form of the current in 

each load circuit takes Its character from the line 
voltage, the harmonics being reproduced unchanged 

in the case or resistance,, damped down in the case of 

a constant inductive r+aetence and magnified in the ccs e 

of a capacitive reactance, For balanced case third 

harmonic current flows in closed delta s  but nu 5th, 
7th and other harmonic current can flow in closed 

delta. l uxiliary magnetization of iron core at 3rd 

harmonics frequency tends to restore the flux ware to 

its original wave shape, the flat shape of the flux 

wave being greatly reduced, but not theorittcally ali-
ainate. The effect of lack of phase balance is to 

cause seaell harmonics p.d.'s to appear at different 
polatbr 	in the closed delta . 

(  HARMONIC IN TW FRcOW! C" 'D D L1'A c F fl 'CTTOW 

The interconnected delta enables a star arrange- 

sent of conductance to be amployed g  while ensuring a 
stable ne ttral potential. The connections are shown 
in Figure 	which represents three Iron cored 
choking coils, each of which must have an intermediate 
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tapping. The voltages are imagined to be of such a 

magnitude as to bring about: a certain amount of satura- 
tion in the iron . Assuming balanced line voltages, 
there can be no third harmonic voltage between lines 
and so no third harmonic current is derived from 

the source of supply. Due to *ha resulting defecieney 

in the third haraonic m gneti zfng curr!~nt, the flux 

wave is flat topped, containing a third harmonic in phase 

This induces n third harmonic salt in each vtM t ng . 

The portion of the winding represAnted by AC has no 

their harmonic current flowing In it, and therefore the 

point C os a letes , in potential with respect to neutral 

at third harmonic frequency. In the some way the points 

B & D oscillates in potential with an equal amplitude. 

The whole area BCD therefore oscilataa, theoretically # 

with respect to neutral potential. Third harmonic oaf's 
are therefore, induced in BC , CD and D S. Just as 
in the other portions of the winding, end the delta cons- 
tants a closed circuit for the third harmonic currents 

a third harmonic circulating current is therefore, 

set up and this , agnetizes the three iron cores at 
third harmonic frequency, thus repatring the deficiency 
of the magnetizing current drawn from the supply. The 
flux wave is therefore restored to very nearly its normal 

shape. It cannot, theoretically, be made fit--sinusoidal, 
for in that •vent. These would be no third 	harmonic 
flux . Consequently no third harmonic circulating current 

would flow and no compensating action would take place. 
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The third harmonic component of flux is however, praa-

ticallq eliminated, so that the potential oscillation of 

the inter connected delta is also practically eiimina-

ted!  and stable conditions are maintained . No third 

harmonic potential difference's are discessibte 

in the closed delta itself, since the voltage drop occurs 

simultaneously  with the induction of the third harmonic 
e.e.f. 

G.  EF `CT OF HARMONICS 

Uptill now we have discussed the possibilities 

of different harmonics in ni.n. f were, magnetizing current 
mand e.m.f. induced,#  which are generally 

in (a /winding . (b) alo'ttng (c) saturation (d) gap 
length irregularity along with the method of 

sliminatlee of different harmonics. For three phasLL 
induction motor 3rd harmonic are generally eliminated 

completely by connection, But 6th, and 7th and other 

harmonics remain present. with suitable method those 

higher order harmonics can be minimised, even a particular 
harmonic can be eliminated completely.. But generally 

higher harmonics r ins present. The harmonic ortitnsted 

in different _iatf have different characteristics, 

but all has got objectionable effect in the form of 
Asynchronous crawling, synchronous crovling lstsnd still 
locking, noise and vibration and formation of voltage 

ripple. Besides these they effect the power factor efficien 



1.  Asynchronous Cravling 

$Paco harmonica of the winding m.m.f. create 

revolvinv field which Induce secondary currents and 

produce torquss, similar to these of the fundamental, 

but have more poles and therefore, iovsr synchronous 

speeds. As the motor accelsretes through the synch

ronous speeds of one of these harmont's, the harmonics 

torque reverses causing a dip in the resultant motor 

torque speed curve , unless minimized by - good design, 

the consequent Asynchronous crawling may be seriously 

impair the motor's starting ability.. 

At speeds above their respective synchronous 

values, the forward harmonics produce braking torque 

as the backward harmonics do at all forward speed 

They cause stray load losses and increase the motor 
heating. 

Forward raenoting slot and phase befit 

harmonicsdue to stator winding produce magnetic fields of 

(S+P) and (2q +i) p points of poles whose m.aw.f is in 

direct proportion to primary current just as fundamental 

a.m. f 'a. The speed at which braking torque starts 

is at P / S+P or =/2q +1 times fundamental 

synchronous speed. 

The basin-vard revolving harmonies (S -?) and 

(2q-1)P ports of poles *re similar in all. respects, 



15 

except that their synchronous speeds are reached vheu 

the motor is driven backward at spes4s P/3-P or 1/24-1 

times fundamental. Perassnce harmonics with (P-B+3) 

pair of poles and (P 4R3) kairs of poles, and rotor ks 

hsraoni ca with R-P and R 9P pairs of poles also produce 

Asynchronous crawling. 

This asynchronous crawling can be ainisi ssd 
by reducing the magnitude harmonics, by chrowding the 
pitch, interspacing and skewing the slot. 

ii. Synchronous Cravlings 

If any two of the separate harmonic fields 

have the same number of poles, pulsating torque will 

be produced as they slip, past each other. When their 
speeds coincides the two like fields with synchronize and 

a corresponding hocking or synchronous crawling" torque 

will be observed. 

When fundamental or principal phase belt 

harmonic field with pole 2 P (2q-1) and 2P'(2q+1) 

revolving backyard a nd forvare at speed x/P(Zq -1) and 

v / P (2q+1) respectively. in, pole number and speed 
with the perasance harmonic field's poles 2(P-R+S) and 
2 tP.-S) polo revolving at speed w-RN/ P-R 4 	and 

W* / P4-8 , synchronous crowlind will occur at corr-
espondtnj speed. 
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This tendency can be avoided by employing proper 

winding pitch and number of rotor and stator slots.. 

lit.  Otgid... Sty Iejflg  . 
When the either of number of poles and direction 

of rotation of permeance harmonics is siailarto pole 
direction of fundamental and phase belt harmonics, there 

will be two Independently produced fields revolving 
in synchronism, with a phase displacement RQ that 

varies with the relative positions of stator and rotor 

teeth. In such a case, locking will occur when two 

similar field are in space phase opposit on and the 
stand still torque Will vary up and do not through a 

wide range as the rotor is slowly turned one rotor 

tooth pitch. "his will occur for funtamental field t. 
F+R-SaP 

or R-S = 0 	and for harmonic field if 
P +R- S 	(2q+l) P or P-R +S = (2q- 1)P 

orS-R-P 	(2q- la P orR- S-P = (2q- l) P 

giving R- S 	+ 	2 q P 

Taking into account the nth harmonic of rotor 
permeance, the nth harmonic of stator permeance varia-
tion and the kth harmonic of the phase belt variation, 
any slot combination having * - aS 	± 2 g q  p, 

will have a looking Tendency at stand still. Locking 
is also caused by stator and rotor atater -and-rot-or 
slot harmonics, this occurs when it - Na 	4 KS or  + KR. 



Locking tendency can be atnimised by proper 

selection of a .tonal slat under , end sleeving 

of rotor 	G rota? s1Ot 3 

iv. Magnetic Woiso and Vibrations$ 

If tvo harmonic fields with nusber of poles, 
differenoin by 2 iexiets in the nir gap, they will 
produce unbalanced rsdis!l segnetic foroas $ and Bones 
quint radial vibration of the rotor as a whole. Also 
sye *tr icsl radial forces of high frequency are 
produced by superposition of rotating aaaetle fields 

of different pole number . These phenomena crests 

stator vibration nod magnetic rote. 

r. Unbalanced Magnetic Full 

in the a reoe case when the stator and rotor 

slot number differ by only ( $ : ± 1) Th. radial 
sagnatio pull during the stationary prod is a 

aaxi: us at the point o ` *Both opposite slot, and a 
sii~iswa at the apposite end of the sano diasoter, 
where tooth Is opposite tooth. This is so b*cause 
the sig sag leakage flair Is largest when both slot is 
opposite and this ieaka*.g* flux has a such higher 
air gap density then the fund, oentsi flux during 

starting, on the stator and rotor currents are each 

many times as large as the no load magnetizing 
current. Around theperiphery between the two extras., 
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the magnetic (pull varies gradually, forming a two  
node force wave . The force nave rotates at a speed 

R times then the speed of the rotor itself, since it 

moves forward (or backward if R (8) a whole revo- 

1.ution for each advance of the rotor through 11R 

revolution. 

The total lorce on stator or rotor$  for R-S =1 
pe  p y 	 ' 

Is given by F _ 	x Cvs (B+4+$)..  
2 

This is an alternating racial force at rotor tooth 

frequency which therefore tsnds to bend the rotor 

shaft and cause oscillation of the shaft In clearance 

of sleeve bearing. If the shaft is sufficiently stiff } 

and the bearing clear*nce Is small =  the force viii 
cause some vibration and noise during the stationary 

period, but viii not materially affect full speed 

operation. 

The phenomena of unbalanced pulls and conse-

quent Torque dip occur at a speed corresponding to 

the critical speed of the shaft whenever a hermcnie 

field with two more or less poles then the fundamental 

field exists. This will happen, as shown above 

when R-S = 1 , and also when R-R = -2 P -1 , -2P`+1, -1, 
RP-1 t  2P +1 9  

Smaller torque drops And accompanying 

noise will occur at other speeds with any odd value 

of R-S , since there will then be harmonic field with 
poles differing by 2.  
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terminails, Anti these voltages will produce currents in 

the supply lines, which will induce high frequency. 

Voltage in a y adjacent circuits, giving telophase inter- 

farence. 

For the selected squirfel cage induction 
motor for the test, with 36 stator and 44 rotor 

slot, torque curve will be of the ns't ure shown in 
Figure 6-`l- . Tine characteristic of the motor is 
starting noiseless.* esther strong saddle, also, in 
this case caused by the number of rotor slots, is to 

be noted as - 136 = - n/p . Further saddles of -90 
and + 79 f somewhat beaker ones at -40, ; -300 * + 276 
very e'k on.3 At 1 	and -180 rpm. 

vii. E- ffect of Harmont esu on Power Factor 

Effect of harmonics is to decrease the value 
of aaximwa power factor that can be obtained in 
the absence of harmonics. in fact whenever the e.m.f. 
and current waves are dissimilar In shave„ a power 
factor of unity Is impossible even although the circuit 
may possess nothing but resistance. the special case of re- 

sonsnce & ee 	o', if the e.m.f. wave be compled 
is character (i.e., if it contains har monies) , the current 
rave will not be similar to it; and maximum power factor 
obtainable is I ss than unity. 

So when every +ve e.~a.f. wave contatns, harmonic, 
which does not present in the current wave or vice versa, 

/© .S'o ? o 



♦i. voltage Ripples: 

As discussed then magnetic circuit is saturated 

then magnetizing current will have a peaked wave form, 

and its impedance drop will accordingly include 3rd f  

5th, ?th harmonics, besides the fundamental voltage 

component. The connecting three sIngie phase transfor- 

mers in Y or + 	,.the triple frequency currents 

can be eliminated from the power lines , but with ! 
connection, there will be a third harmonic voltage between 

the lane terminal and ground. This voltage is also elimina-

ted by delta connection, allowing triple frequency 

current which are required to maintain a shnusoidal 

flux wave form, to flow in the delta, In the case of 
induction motor presence of air gap make the motor 
current flux relation much more nenriy linear. 

If the motor with open stator slots and a squirrel 
cage rotor with relatively large number of slots, with-

out skew. In this cases  stator harmonic flux Induces 

large high frequency secondary currents whose 'armature 

reaction' oppose the stator m.m.f. reducing the stator 
harmonic fluxes to a small velue. Since the rotor 

slots per stator harmonic pole Are few in number, the 

space wave forms of the harmonic armature reaction will 

be very riged. 	This is ! torques  low order hs monies 

of the slot harmonic field will be created and these in 

turn will induce high frequency volts -e in the stator 
winding thus giving, rise to voltage ripples at the primary 



The maximum pocaer factor obtainable is less then 
unity. The effects on power factors depends on the meg-

nitude and order of harmonies. 

• 
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R E. 3 U L T° 3 

A. CALCULA-TED VALUE 

The relation of horse power for star, delta and 

internal delta with different values of y , for four 

poles and six poles is given by the sand emperical 
formula. 

Without considering harnonic and saturation 

effect :- 
1 

H.P JN 	tH.P int. 	= 1$ 3•Q.3+  2  = 3 

...(7.1) 

and considering harmonic and saturation effects- 

H.r 	s H.P• \ 	$ H.P.Y  int. 

1 	 1  
2a  3.3 

1  ;  3.6 -3.9y+1.3y 

....(?'.2) 

Substituting the value of y, equal to 0.25!  0.5, 

0.75 for 4 Pole winding and equal to 0.166, .333*  0.5, 

0.05?f  .833 the numerical relation willbe as shown 

in table 7.1. 

The relation of load current for delta 
internal delta with different values of y and star is 
given by j 	3 same emperical formula. wt 



13.396 s .333 

19.4?4 s .333 

12.572 s .333 

1:.692 : .333 

1:.841 s .333 

1 s .335 :.32 

1 s .409 s .32 

1 8 .507 s.32 

1 s .634 : .32 

1 t .798 s .32 
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TABLE No. 7.1 
rn;\ : HPA 

without cons tdsj 
y 	ing harmonic & 

saturation 
effect. 

It~ HPV 
Considering hara -
nic and saturation 
effect. 

a. For 4 Pole. 
i. int. A with one coil 

in delta 0.25 
ii. with 2 coil inI 0.5 
iii. with 3 coil inA 0.75 
Lb} 'or 6 Pole 
iv. int. to with 1 coil ins' 	.166 
v. with 2 coil inA 333 

vi. with 3 coil inA .50 
vii. with 4 coil int\ .667 
viii.with 5 coil inA . 833 

1 t 0.433 s 0.333 1 s .3698 s .32 

1&.572 $ .333 1 s .507 	s .32 

1s.762 s .333 1 s .711 	: .32 

without consideration of harmonic and saturation effect;- 

1 	int. 	3 ` $ 	1 	2 	$ 3 (3- l.267y) 1•y41 /3 
..67.3} 

considering saturation and harmonics effect; 

1 	 1 
8 	

int! Iy 
 

j 3.6-3.9y+1.3yr (1.73.0.73y) 

•..t7.4} 
Substituting the value of y the numerical relation will 

be as shown in Table 7.2. 



TABLE NO. 7.2 
THEORETICAL RELATION' FOR LOAD CURRENT 

I ' s x +~ 	 = Iv 	 _ 
Malas o ithout considering 	considering saturation & 

F 	•saturation & harmonic I harmonic effect. 

For four Pole 

	

0.25 	1 3 0.42 s 0.333 

	

0.6 	1 s 0.556 s 0.333 

	

0.75 	1 s 0.738 s 0.333 

For Six Pole 

	

0.166 	1 s 0.391 s 0.333 

1 	s .393 	s 0.32 

I 	$ .505 	s 0.32 

1 : .714 	s 0.32 

1 	s .36 	a 0.32 

0.333 1 s 0.464 s 	0,333 1: .431 s 0.32 

0.5 1. s 0.556 s 	0.333 1 	s .522 s 0.32 

0.567 1 s 0.672 s 	0.333 1 	s .641 s 0.32 

0.833 1 s 0.80 s 	0.333 1 	s .797 s 0.32 

The value of V3AF8 and 	on no load 
and locked rotor condition can be given by the derivative 
from the above relation 

V3AFB at no load = V120 	= voltage across terminals 1 &2 

VvkrR at no load = V230 	= voltage across terminals 2&3 

TSAFB at locked = V 
condi. 

VFAFB "t 	 ~i ondicked = 23 L 

= voltage across terminal 1 &2 
voltage across terminal 2 &3 



v 	3 ~ y 
120 	

1'Y +YJ3 

	

V 
	

7 
V230 3 fi+ 

V 	1-7 

~l2 L 	, 3 	2(1,2y) 
3 

86 

...(7.5) 

....(7.6) 

144+ 13 72 
3 9 

3 	f 
...  • \ 7 . 7) 

V 
TT V 	'"  
33L 	3 2(33-2y) 

7 21- 24y +7y►2 

y2 

3 

...(7.8) 
Where V = Line voltage. 

Substituting the different value of y the value 

of voltages will be as shown in Table 7.3. 
TABLE NO.  7.3 

y 	V120 	V12 L 	V230 	V23 L 

0.25 126.26 66.51 42.08 206,701 
0.5 96.76 55.42 96,76 3j7•2  
0.75 55.86 36.95 16.75 331.0 
0.166 134.18 69.28 26.86 148.37 
0.333 117.46 63.34 58.73 254.33 
0.5 96.76 55.42 96.76 317.2 
0.667 71.0 44.34 142.0 337.03 
0.833 39.04 27.71 195.0 375.0 

To perform the experiment thw stator winding is made 

for 4 pole and 6 pole , the connection made for star$ delta 
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anc internal delta for the value of y equal to 0.35, 

.50 and 0.75 and for 4 pole and y equal to 0.166, 

0.333 9  0.5 ' 0.667 , 0.833 for 6 pole ! after that for 

each connection no load $ and blocked rotor test 

and lord test performed according to procedure 
discussed in previous chapter. The observed data 
of load test with calculated value of efficiency, 

B.}1., torque and P.P" is shown for 4 pole in Table 

7.4 (a to e) and for 6 pole in Table 7.5 (a to g) . 

The no load test data for 4 pole Is shown in 
Table 7.5 (a to e) and for 6 pole in Table 7.6 (a to g) 

Thø blocked rotor test data for four pole is shown in 

table 7.7. (a to o) and for 6 pole in Table 7.8 (a to g) . 

The curves for B.H.P. , slip ! speed, torque 

for 4 pole and 6 pole winding is shown in graph 

nos. 2 to 6 and 8 to 14 respectively. These graphs 

show the performance for delta, star, and internal 

delta (for different value of y) connected stator 
winding . The curves for slip versus torque is shown 

In { raph No. 16 and 1?t  for 4 pole ► and 6 pole respec-

tively. 

By the experimentaliddate of no load and blocked 

rotor test, circle diagram constructed and maximum 

torque f  starting current , starting torque are 
determined. The ratio of maximum torque to full load 



torque, starting torque to full load torque and starting 

current to fall load current for delta star and 

internal delta connected winding of 4 pole and 6 

pole is shown in Table No. 7.9. 

TABLE NO. 7.9. 

3► w Te Iss 
Tri. TfL If'L 

2.69 2.3 5.36 0 

0.25 2.76 1.5? 6.08 

0.50 3.39 2.29 5.426 

0.75 3.3 2.3 6.78 

1.0 3.23 2.75 7.2 

For 6 pole 

0 4.52 4.01 6.22 

.166 2.268 .77 4.98 

.333 2.2 1.645 3.94 

.50 2.38 1.86 3.19 

,667 2.57 2.29 4.22 

0.833 2.862 2.59 4.27 

1 3.11 2.554 4.43 
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By the help of .this table it will become 

easier to say which connection will give beat performance, 

i.e., be er 0  minimum load current with better efficiency 

and power factor for a particular value of Horse power. 

The horse power for which load current, efficiency and 

power factor are determined from 0.2 to 2.4 Horse power with 
an increment of 0.02 horse power connEtetion for the 

beat performance for 2,1.6, 1.29  1.0 , 0.8 , 0.4 Horse 
pouter is discussed in next chapter. 

I,4/ 
	int. & ' / int. 

The table No. 14 shows the ratio of /tcis*t 
for delta and internal delta and torque for delta 

and internal delta. 
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C.  RELATIVE PEE FORMANCE OF DIrFERENT CONNECTION 

After perforaiog the experiment and calculation, 

performance curve is drawn, which is shown in 
ig. 2 to 6 and 8 to 14 . These curves indicates 

difference shape for delta star and internal delta 
connected winding of 4 pole and 6 pole, These curves 

indicates that there Is a limit of Horse power to be obt-
ained with each connection. The relation of Horse 

power is given numerically in Table No. 7.1. 

With the help of table No. 7.1. and performance 

graph No. 2 to 6 and 8 to 14 , the load current, 

power factor, and efficiency for different horse 

power can be determined for delta, star and internal 
delta connection of 4 pole and 6 pole winding. These 
values are shown In Table 7.10 (a to a) and 7.11(a to g) 
for 4 pole and 6 pole connection respectively. Graphs 

are drawn to show the relation of load current, power 
factor and efficiency with respect gtoofhoorse power for 
delta star and internal delta connected/and 6 pole 

windings in graph No, 18 to 23.1ly these graphs , for 

different hors• power, value of load current power 
factor and efficiency for 4 pole and 6 pole is obtained 
which is shown in Table No. 7.12 and 7.13, along with 
the value of 	slips  The value of T1 	f1.  , r3/T 1  

Is/ 1 fb 	is shown in Table No. -7.14. 	° 7 
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After drfiwing the performance graph )T. 

18 to 23, and making table No. 7.12 and 7.13, it be-

como very 'asy to select the connection for any parti-

cular value of horse power to ;ive best performance. 

Hence we wifl, discuss here about the best connection 

for 2 Horse power, 1.8 horse power, 1.2 horse power, 

0.8 horse poser ±end 0.4 '.orse power. 

For 2 Horse Power 

Vol 4 le  emu in delta connection, the 

load current is 5.0, 4 amp,eff iciency 77.5 4 
power factor 0.895, slip 0.075 s  For four pole winc-

e this horse pour cannot be obtained with star 

connection, as is seen from ra ph 2  . The load, current 
as 

for internal delta increases K.itk the value of y 
decrenstks, only sli pht change In Power factor and effi-

ciency and slip increases with decrea3e of y. Taking 

all considerations,, four pole delta connection is 

best connection for this. Tor the 6 pole, winding, 

2 Horse :!or cannot be obtained with star connectio-n 

and internal delta wick value of y equal to upto 0.5. 

Now only dolts connection and internal delta with 

y = 0.833 gives better performance among them. Load 

current Is less in cielta, than in internal delta, 

efficiency is also 604 in delta compared to ?3.; of 

9} 
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e 

internal delta, The power factor is b 	in delta, 

but not so inferior, slip is also very less. 3o for 

6 pole winding, the delta connection is to be 

selected. So for 2 Horse power we Pre getting 

two connection i.e. delta of 4 pole winding and 6 

polo winding. 

This much horse power ern be possible with 

delta connection and internal delta of y = 0.75, other 

connections shows high load c'2rry at, poor efficiency, 

high value of slip and comparatively lower value of 

Tma/ Tf•L ! Tstart/ Tf.L 	• Among these two 

connections, load current of delta is 3.65 Amp, efficiency 

8
1n er iapower factor .875, and slip 0.0528, compare 

to/delta 	connection, with I = 4.459 efficiency = 69: 

and po~.er factor = 0.8? 9 and slip = 0.1025. So 

delta connection Is best among all. 

For 6 pole 

In this case 1.6 Horse ;ower Is not possible 

with star, connection, and internal delta of value upto 

y ,i,- 0.5 , because slip is very high, current is 
high and efficiency very poor. So the selection is 

from delta , eonner 	2-internal delta of y = 0.833, 

0.677 . The variation of load current is small$ but 

variation in efficiency and slip is more , so delta 



connectirn is best among them, but Internal delta 

with yegl to .833 also gives better performance. 

1.2 Horse Power. 

For 4 Pole 

1.2 horse po'tit'r is not possible with star 

connection Pnd internal delta with y equal to 0.25. 

Among the delta, and internal delta with y = 0.75 

and 0.5, The load cirrent in delta is small, than ethers 

efficiency is sate for delta and internal delta with 

y = 0.751, v{bich is more than for internal delta with 

y = 0.5 Power factor is better for internal delta, 
but e•f teiency slip is high for the internal delta. 
The selection is to be made from delta and internal 

delta with y2.75. 
The best connection for 1.2 horse power 

in 4 pole winding; is then internal delta with y = 0.75 

due to its bet , er power factor. 

1.2 horse power is not possible with star 

and internal delta with y A-0.i66 . Among the rest 

connection, internal delta with y _.667, needs 

mtaimum current but slip is high, efficiency less. 

Intt-rnal delta with y = 0.833 needs comparatively 

less current than delta with better power factor, but 

with smaller efficiency and higher slip . But diffe-' 

rence of rffici€ncy, pow r factor r ,urrent and slip 

is not more so either of these can be selected. 
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0.8 Horse Power. 

4 Polea 

0.8 horse pow r is possible with all conn-

action, but he efficiency is very poor for star 

connections and also slip is very high. Among the rest, 

internal delta with y =_ 0.75 , needs smallest current 

and gives mQximum efficiency, and best power factorwith 

comparatively good slip, So best connection is 

internal delta with y = 0.75. 

6 Pole 

0.8 horse -)o -.,r is possible with all type of 

connection. Here star connections needs,, smallest 

value of current with better efficiency and power 

factor, but slip is very high on the *hole. Internal 

delta with y = 0.333 , 0.166 are better due to 

comparatively less current and good efficiency and 

power factor so selection is to be nade from either 

of the two. 

0.4 horse ,ower is possible with all 

connection, the current required by different 

connections are di 'ferent. The smallest current is 

required by star connections but it gives very poor 

efficiency and porgy(_r factor delta connection needs maxi- 

mum current, with poor efficiency and i.over fector.0nly 
better 

Internal d•ita gives /efficency and power with cornpa- 

rativel-,f low current. Among them internal delta with 
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y = .25. Due to less cur; ant internal delta 

with y = 0.25 is better than internal delta with y =.75 

but due to other view points latter one is better. 

.Pole 

In 6 Pole connection 0.4 horse po° er is possible 

with all connection. The delta connection needs 

current more than other winding $ also its efficiency 

power factor is poor. Star connection needs less current 

then other with comparatively good efficiency 

and better power factor . But slip is very high. 

Among the internal delta, internal delta with 

y=G.25 needs current less than all, with efficiency 

and power factor more than others with comparatively 

better slip. So selection is to be lade - from star 

connection and internal delta connection 	to 

better efficiency, and slip latter one is better. 
1 

z'e have discussed the selection of connection 

for x; : 1.8 t  1.2 , 0.8 and 0.4 horse power only. But 

by table 7.1,2 and 7.13 connection for any value of 

horse power in between (0.2 to 2.4) can be selected 

to 	give best per-formence. 

Here experiment was performed on a small 

squirrel cage induction motor, and i able ?To, 7,12 

and ?.13 formed for 4 pole rind 6 pole winding. A 

similar table can be formed for any type of . induction 

motor, after experiment. Then for the required 
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horse power s beet connection can be selected to 

give best performance,. 

The connection which gives better perfor-

mance for 0.2 to 2 horse power Is shown below for 
4 pole and 6 pole connections. 

4 Pole connection. 

2.4 Delta 
2.2 Delta 

1.8 Delta 

1.6 Delta 

1.4 Delta 
1.2 Internal delta with y = 0.75 , Delta 
1.0 Internal delta with y = 0.75 
0.8 Internal delta with y = 0.75 and y = 0.25 
0.6 Internal delta with y = 0.75 and y = 0.25 
0.4 Internal delta with y = 0,75 , y-0.25 	& Star 
0.2 Internal delta to with y = 0.75 	, y ~» 0.25 

6 Pole connection 

2 Delta 

1.8 Delta, internal delta with y 1.833 

1.6 Internal delta with y = 0.833, Delta 

1.4 Internal delta with y = 0.833, y =.66?,y=.5 

t.2 Internal delta with y =.5, y S .667 
1.0 Internal delta y = 0.667,y=.333,y=.5 



V 

	

0.8 	Internal delta , y = 0.16€, y =.333, y =.667 

	

0.6 	Internal delta y = .166, y 3.333 

	

0.4 	Internal delta with y = .166 and star 

	

0.2 	Star connection. 

In the Indus try , load on motor remains 

constant for certain period and but it may be 

different for certain another period. In that case 

the proper selection of connection is chosen to give 

better performance. So induction motor may have 6 or 

9 or 12 terminal to provide proper internal delta 

winding with switch gear device to change to the 
G' 	cl--~..-, 

c3: utt . But switch gepr system should not be expensive. 

So according to load$ switch gears relay system connects 

the supply for proper internal delta connection. 
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TABLE RO. 7.10 (o) 

4 POLE STAR CONITCTION. 

cothidoring saturation and 
harcionja effect. 	 Power 

pa 

_ 

 QP 
Horse power Current. 

RD 	Anos . 
1 

Efficiency 
is 

4 

0.16 0.4 0.45 35 
0.32 0.75 0.675 57.6 

0.426 0.973 0.765 68 

0.48 1.15 0.80 73.5 

0.64 1.575 0.6 52.6 

TABLE O. 7.10  (b) 

4 POLE INTERNAL DT'LTA EIIf•I ON COIL IN DtLTA 
(y =0.25) 

1 	 2 	 3 	 4 

0.1849 0.65 0.7555 32.5 

0.3698 1.0 0.800 68.76 

0.493 1.25 0.625 76.00 

0.654 1.425 0.835 76.00 

0.74 1.90 0.86 74.5 



TABLE NO. 7.10 (c) 

4 POLE INTERNAL DELTA WITH TWO COILS IN DELTA 

(y = 0.5) 

1 2 3 4 

0.2533 1.1 0.73 46.3 

0.507 1.5 0.80 65.0 

0.675 1.8 0.81 65.0 
0.6135 1.75 0.83 68.75 

1.014 2.675 0.85 74.5 

TABLE N0. 7.10 (d) 

4 POLE INT NAL DELTA 14ITHi TIME COILS IN DELTA  

(y = 0.75) 

1 2 3 4 

0.3535 1.2 0.82 70.0 

0.71 1.925 0.865 82.5 

0.948 2.375 0.87 82.0 

1.066 2.75 0.87 80.9 

1.422 3.8 0.87 73.0 



TABLE NO. 7.10 (e) 

POLE DELTA CONNCTI0N3 

1 2 3 4 

0.5 1.775 0.67 50 

1.0 2.55 0,81 71 

1,333 3.075 0.84 80.75 

1.5 3.525 0.865 80.75 

2.0 4.825 0.895 77.5 

TABLE NU. 7.  It (9) 

6 POLE STAR COMTECTION 

1 2 3 4 

0.16 0.65 0.61 87.76 

0.32 0.61 0.58 86.5 

0.4266 0.75 0.665 89.2 

0.48 1.175 0.785 90.25 

0.64 1.10 0.77 90.5 



TABLE 110. 7.11(b) 

6 POLE Yt7l ' t'AL 1LTd '•'ITR Ate COIL W DTLTA 

(y = 0.166) 

1 	2 	 3 	 4 

0.1675 0.925 0.545 83.50 

0.335 1.1 0.616 95.0 

0,447 1.275 0.6725 94.0 

0.5025 1.4 0.7125 91.25 

0.67 1.7 0,79 86.86 

TABLE 7.0. 7.11 Cc) 

I 

6 POLE Ifl~fAL DELTA 1°iITI 't30 COILS II DL A  

( 7 = 0.333 ) 

1 	2 	 3 	4 

0.2045 0.05 0.475 77.0 

0.409 1.35 0.4175 86.25 

0.56 1.(O 0.685 86.50 

0.614 1.CQ 0.7275 86.5 

0.818 2.2 0.78 83.0 



TABLE lea. 7.11 (d) 

6 POLE INTERNAL DELTA WITH THREE COILS IN DELTA 

(y0.5) 

1 	 2 	 3 	 4 

0.2535 1.0 0.385 85.0 

0.50? 1.45 0.43 93,0 

0.675 1.85 0.54 95.5 

0.76 2.3 0.575 96.0 

1.014 2.8 0.625 95.9 

TABLE NO. 7.11 (e)• 

6 POLE INTERNAL DELTA WUR FOUR COILS IN DELTA 

(y = 0.667) 

1 	 2 	 3 	 4 

0.317 1.35 0.5125 83.5 

0.534 2.025 0.6425 86.25 

0.961 2.75 :; .74 83.5 

1.268 3.4 0.785 79.55 



TABLE NO. 7.11 (f) 

6 POLE INTEJ NAL DELTA WITH 5 COILS IN DELTA 

(y = 0.833) 

1 2 3 4 

0.399 1.75 0.525 82.25 

6.793 2.525 0.66 85.0 

1.064 3.075 0.72 83.25 

1.98 3.35 0.745 52.0 

1.596 4.25 0.795 78.0 

TALt NO. 7.11 (g) 

6 POLL DELTA CONNECTIONS 

1 2 3 4 

0.s 2.6 0.5E 75 

1.0 3.4 0.57 85.5 

1.33 3.9 0.7125 84.75 

1.50 4.2 0.735 84.0 

2.00 5.25 0.795 80 
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