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PREFACE 

Inherently the shaded-pole motor is of fractional horsepower rating. 

Since the frac tional horsepower motor is a result of ventilating fan develop

ment an engineering result of the fan industry was the shaded-pole motor. Not 

long after the t wo-phase induction motor was developed by Tesla, engineers 

discovered that a motor would start and run, provided that the reactances and 

res istances of the winding coils were suitably proportioned, when both phases 

were connected to a single-phase power supply. The extension of this develop

ment has resulted in the well known split·-phase motor, which has two parallel 

windings; one that is a low resistance type and the other a high resistance. 

During t he starting period both windings are used in the motor in order to 

obtain sufficient starting torque. When the motor speed reaches a certain 

percentage of rated speed a switch removes the high resistance winding from 

the power supply and the motor continues to run with only the low resistance 

winding connected to the power supply. 

It is sometimes difficult to build very small, i.e., fractional horse

power, motors that will operate satisfactorily on a single-phase supply. There

fore1 it is considered desirable, many times, to leave the starting winding 

connected even during the running period. Because an outside resistance is 

used in series with the starting winding this type is sometimes caJled the 

resistance split-phase motor. These motors are preferable to the normal 

split-phase motors only in sizes below 1/100 horsepower, as a general rule. 

However, to avoid the cost of a centrifugal type cut,-out switch they have 

been used for ratings as high as 1/20 horsepower . 



V 

From 1889 until about 1919, these two types of split-phase induction 

motors were used very extensively on fans and whatever other applications there 

were for fractional horsepower single phase motors.3 There were , and still 

are, many commutator motors of the series type used along with the two men

tioned types of split-phase motors. Their main advantage is the abilit y to 

operate either on alternating or direct current power supplies. 

It was discovered during the latter part of the nineteenth century 

that a squirrel-cage motor with a salient pole single-phase field would run 

if a portion of the pole were short-circuited with a winding or coil. This, 

of course, eliminated the cost of not only the cut-out switch but also the 

cost of the high resistance parallel winding . The saving in the cost of t his 

winding, compared with the distributed field winning of the split-phase type 

has given a tremendous popularity to the 11 shaded-pole 11 motor, until today, 

for ratings under 1/20 horsepower, it overshadows all other single-phase 

motor types. 
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CHAPTER I 

THE THEORY AND HISTORY OF THE SHADED-POLE MOTOR 

If a polyphase induction motor is running with no-load or a small load 

and some of the supply lines are disconnected from the motor so as to leave 

the equivalent of a single-phase., the motor vdll continue running, but at a 

somewhat slower speed. If the polyphase induction motor is a three-phase motor 

and one of the supply lines is disconnected, it will still have two of its 

three windings (providing it is a wye-wound motor) connected to the supply. 

It is obvious that a polyphase motor converted by this method into a single-

phase induction motor will have less capacity than it had when running as a 

three-pha.se induction motor. But where the polyphase motor is self-starting, 

the single-phase motor has no starting torque. To make it self-starting, the 

single-phase motor must be provided with some type of device which will alter 

this undesirable characteristic during the starting period. From this state-

ment, it is seen that during the starting period the motor must be changed 

to a type which is not a single-phase induction motor in the sense in which 

this definition is commonly used. It becomes a true single-phase motor only 

after the torque and speed have been raised to a point beyond which the de-

vice used to obtain the additional torque has been removed from the motor 

supply. 1 F'or these reasons it is necessary to clearly differentiate between. 

the starting period of the single-phase motor and its running period. 

l 
Langsdorf., A. S. Theory of Alternating Current Machinery. p. 658 
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The single-phase motor has less desirable operating characteristics 

than the polyphase induction motor, but it has achieved a wide field of use-

fulness where a poly-phase power supply is not available or economically 

feasible. Advances during the recent years have made the single-phase motor 
t 

satisfactory in its smaller sizes so that several million of them are now in 

use in the commercial and domestic fields.2 

As has been stated previously, one of the greatest disadvantages to 

the single-phase motor is its lack of starting torque. During the period 

from the discovery of the single-phase induction motor to the present time, 

scores of devices to overcome this undesirable characteristic have been de-

vised. Although most of them have been proven economically or mechanically 

unpractical, some of them have been reliable and are in wide spread use to-

day. Of these, the capacitor-start, the split-phase, the repulsion-start-

induction run, and the shaded-pole motor are the most common. 

To operate a fan near the desired speed at 133 cycles per second 

(at one time nearly all alternating current systems were operated at this 

particular frequency) it was necessary to use ten poles. 'l'he sync:lu!orwus 

speed of a motor at this frequency would be 1596 rpm. rn1e poles were con-

centrated and a coil was placed on alternate poles connected in series; the 

polarity on all of the coils being the same. 'l'his was c,~lled a. consequent 

pole winding. .A return path for the magnetic flux. f'rorn the energized poles 

was formed by the poles without co:i.ls. To obtain a phase displacement of' 

the f'lux in the pole, or otherwise cause a rotating effect of the flux to 

cause a starting torque, the traj_ling edge of the poles wlth windings was 

11 shaded"; that is, a band of copper was placed around a portion of the pole. 

This displaced the fluJc in this section, while the flux in the remaining 

2· 
Puchstein and Lloyd • .ID.ternating Current Machines. p. 229. 



portion of the pole was in phase with the current in the field~coils. 3 

About 1890 it was discovered that a squirrel-cage induction motor with 

a salient-pole single-phase field would run if a portion of the pole were 

short-circuited with a winding or coil. 4 Thus a shaded-pole motor is a single-

phase induction motor provided with an auxiliary short-circuited winding or 

windings displaced in magnetic position from the main windings} 

The shaded-pole motor is usually the smallest and least efficient of 

the single-phase induction motors. The efficiency will vary with the size 

of the machine and is usually between the limits of 10 to 30 percent. The 

starting torque is very low and is usually in the range of 25 to 50 percent 

of the full-load torque. The ratings of the machine are usually chosen so 
' 

that the ma:idJnum torque may be only 125 to 175 percent of the full-load 

torque. This ratio is lower on motors applied to fans and blowers because 

of the speed torque characteristics of the load. This gives little chance 

of overloading and pull-out, which is the desired effect. Also, when used 

for fan or blower operation, fairly stable operation at reduced speeds is 

possible by motor "breakdown"; or, e series impedance is used with the 

primary winding to reduce the applied voltage which results in speeds well 

below synchronism. This characteristic is possible because of the inherently 

high slip of the shaded-pole motor.6 

As has been stated before, the simplest way of providing a single-phase 

3 Den.man, E, W. lfDevelopment;·i'. of Fan Motor Windings, 11 Electrical 
Journal, (June 1919). 

4 Trickey., P. H, 11An Analysis of the Shaded ... Pole Motor.," Electi:;i.c<i!,l, 
Engineering, (September 1936). 

5 Veinott, O. G. Fraot~o:nal Horse:gower Motors., p. 297. 

6 Pender and Del Mar, :Bilectrica.1 En.gj_neers Ha.ndbool~, Sec, 9., p. 96. 
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induction motor with starting torque is to place a permanently short-circuited 

winding of high resistance in the stator at an electrical angle of about 30 to 

60 d,egrees from the main winding. This winding usually consists of an uninsu

lated strip of copper encircling about one-third of a pole pitch. A current is 

induced in this coil by the portion .of the main field flux linking it. The 

flux gener~ted by this coil causes the main field flux in this portion of the 

pole to be smaller in magnitude and lag in time phase the flux in the unshaded 

por·cion of the pole. Thus, the a.ir-gap field, or .flux, will have two compo

nents; an undampened aH,erna.ting flux, and a dampened flux ¢2 which is displaced 

90 degrees in space and¢ degrees in time. If each field is represented as the 

s1un of two equal and oppositely revolving fields, the net field revolving for-
. . 

ward (from the pole center toward the shading coil) is: 
/ 7 

¢~, :: ¢1 + ¢ 2 ,:L.9.0. -:-1. 

end the bacl,;:ward revolving field :i.s: 

Evidently the forward field is larger and a starting torque will be 

produced. The net torque produced is proportional to the difference of the 

squares of the two fields, or 

starting torque= 4K¢1¢2 sin¢$ 

In practice¢ seldom eJiceeds 15 degrees, ¢2 fa of magnitude 1/3 ¢11 

and ¢1 is much smaller than for a plain si.ngle-phase motor because of the 

space occupied by the shad:i.ng-ooil flux. 9 

7 Standard Handbook for Eleotrioal Engineer~~ Sec. 7, p. 262. 

8 .Ibid •. 

9~. 
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TYPICAL MOTOR CONSTRUCTION 

0 

Main Field Windjngs 

() . Rotor Windings 

• Shading Coils 

FIGURE A 
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If there were no shading coil on the salient pole no rotational effect 

vrould be produced because the flux lines in that pole and the air gap surround-

ing it would simply alternate from positive to negative, that is, it would 

change the direction from out of the pole to into the pole. However, the action 

of the shading coil causes the flux in that portion of the pole to lag behind 

the flux in the unshaded portion of the pole by a small angle. As in any in-

duction motor, this causes the points of maximum flux to progress around the 

motor and results in a small rotating field which draws the rotor around with 

it. The direction of rotation, of course, is from the main pole toward the 

h di ·1 10 s a ng co1. 

Figure A shows the most typical construction of a shaded-pole motor type. 

Motors using the shaded-pole principle have been developed in many forms and in 

greatly varying ratings as in any popular motor type. The rotor is almost in

variably a simple squirrel-cage type.11 The shading coils or windings are four 

coils (for a :ooto:v speed of 1800 rpm) of one turn each of bare copper strap. 

It makes no difference in motor operation if these coils are short-circuited 

separately or short-circuited with all the coils in series. The stator core 

is usually composed of single-piece identical larninations held together by 

rivets near the periphery of the laminations. The main windings are, in most 

cases, pl:leformed or wound and slid over the poles, As has been stated before 

there are many variations of the shaded-pole motor types but one ey....ample of a 

general type should be enough to set forth the main point.s of c:onstruction. 

The performance characteristics of the shaded-pole motor are very simi

lar to the resistance split-phase motor. As has been mentioned before it is 

very difficult to obtain a great a.mount of starting torque. However, the motor 

lO Ibid. 

ll Ibid. 
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is usually used for a type of duty that does not require an appreciable amount 

o.f starting torque (such as a household fan). The input power of this motor 

will be almost twice that required by a capacitor motor that does the same 

amount of work, Therefore it is not unreasonable to expe~rt the power factor 

to be fairly high for such a small motor because of the very high inherent 

losses. 

When the motors are used for fan duty they are usually operated very 

near to the breakdown point. 12 '!'his can be seen by observing Figure B which 

is a typical speed--torque curve of the fan blade which is normally used with 

the shaded-.. ,pole motor. Operation of the motor at this point usually gives 

the best efficiency and the most power that the motor will develop. As would 

be 1expected the motor is noisy and is often subject to -what is conunonly known 

as 11 c:ogging1 11 that is, variation of the magnitude of starting torque with dif

:fe:i::•en.t rotor positions. Since these are inherent objections to the motor 

EMrv·eral things are done to reduce ·~hese objections. Therefore, the shaded

pole motor usually has larger air gaps, a greater a.mount of skew, and lower 

i.nductions than split-phase motors of similar ratings. 

To obtain speed control a resistor or reactor or "choke coil" may be 

used in series with the motor power supply. It is all the more necessary to 

operate the full load speed near to break down if speed change is desirable. 

Very often the designers problem is s~nply to obtain a motor to drive 

a certain fan at a specified speed. Unless a really extensive and thorough 

job is necessary the usual design procedure is to drive the blade with several 

different motors and by varying the voltage obtain readings of speed, watts 

and amperes as shown in Figure C, The curves obtained by the above test are 

kno-wn as "fan saturation tests or curves." With the results of the several 

12 Ibid. 
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motor tests known, the des:i.gner choses the motor that has the most desirable 

characteristics at the specified speed. This motor is then rewound or a new 

one built with the field coil turns changed in inverse proportion to the ratio 

of the test voltage and the normal voltage of the motor. This procedure is 

used rather than to calculate the performance of the motor because it is less 

cumbersome. 

As may be seen from Figure C, the curve of speed versus volts has a 

typical saturation curve shape, that is, it has a high rate of change at first 

and the rate of change decreasing as the voltage is increased. The maximum 

yal.ue will be at a speed slightly less than synchronous. This curve has de

fi.nite value in the selecting o.f a motor to be used for fan operation. If the 

mo"to:r is to be single speed a motor that operates on ·t.he fls;t; part of the curve 

should be used. However, if the motor is to be used for multiple speed opera

tion one should be chosen that will operate not too f'ar above the knee of the 

c11rve so that too great a voltage change will not be necessary to obtain the 

desired speed change. 

It i.s indeed unfortunate that the design procedure and the performance 

calculations of such a simple ro.otor should be so lengthy and involved. Even 

so, the amount of work done to shorten this undesirable characteristic has been 

Yery slight in comparison to the work done on other types of motors. Most of 

the development of the performance calculations and design procedure has been 

done by P. Ho Trickey. Yet even his papers on the motor a.re quite involved 

a.11.d ·1e:ngthy but they are at least a step in the right direction. 

It is the object of this thesis to try and develop a somewhat shorter 

method for the performance calculations of the shaded-pole motor. Time does 

not allc•w investigations into a design procedure for this motor. 



CHAPTER II 

ANALYTICAL SOLUTION OF MOTOR CONSTANTS 

There has never been an adequate method of analysis available for the 

performance calculations of the shaded-pole motor. Efforts have been made by 

many writers but most of the work that has been presented so far is of design 

nature. In the smaller sizes of motor ratings (below 1/20 horsepower) this 

type of motor has surpassed all other single-phase motor types. Yet the other 

types of single-phase motors such as the capacitor, the resistance, split-phase 

and the repulsion-start-induction-run motors have all been analyzed so far as 

motor performance calculations are concerned. The object of this thesis is to 

attempt to devise a method for the performance calculations of the shaded-pole 

motor using three easily obtained laboratory tests. 

Any induction motor is essentially a transformer~ That is, the stator, 

or primary has a voltage applied to its windings and there is induced in the 

rotor, or secondary, a voltage that is proportional to the turns ratio of the 

two 'Windings. The only difference in the induction motor and a real transformer 

is that the voltage of the secondary of the transformer is taken off as useful 

energy whereas in the induction mo~or, this voltage eauses a current to flow in 

the windings of the rotor which in turn reacts with the stator magnetomotive 

force" The reaction between these two fluxes causes a troque to be produced 

which makes the rotor revolve. 

The two tests usually used for the determination of motor constants in 

any induction motor are the no-load, or running light test and- the blocked 

rotor test. The blocked rotor test is used to determine the value of the 
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primary and secondary reactances. 

Thus, V 
Z _ BR/1 

e - BR 

Since the primary resistance can be measured directly using the ammeter-voltmeter 

test th.is i.n effect determines the value of the rotor resistance. Since Ze 

may be expressed as 

and since 

where 

then the value of X8 is 

X = (z2 - R2f~ e e e 

and the usual assumption is that 

X1 == X2 = Xe;2 

where x1 and x2 are the stator and rotor reactance magnitudes. 

To f'ind the value of X0 , the reacti've component of the core, it is the usual 

procedure to write that 

where 

The value of RQ 9 the resistive component of the core~ is usually assumed to be 

2 
R~ == WNL - Rl 1NL/(I cos~ )2 

..., NL J'.INL 

The usual method of determining the motor parameters has been presented. It 

is understood, of coursej that these values may be calculated using design 

data 1 but in doing so the procedure is very complicated and of little use in 

the calculation of motor performance. 
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The use of the no-load test is the source of considerable error in de-

termining the motor constants. In the general single-phase motor the no-load 

speed of the motor is only about 97% of synchronous speed. The use of the 

no-load test makes the assumption tha.t there is no current flow in the rotor 

circuit of the motor. By referring to Figure III it can be seen that the only 

variable in the rotor circuit is the resistive load component ZR which varies 

a1 a function or the slip. The relationship is 

R s2 
ZR~ 2 /(1 - s2) 

where R is the rotor resistance and Sis defined as the ratio, 

' Rotor actual ·speed 
Motor synchronous speed 

Therefore, the only condition when no current flows in the rotor is when the 

value of S becomes unity, that . it, when the rotor is turning at synchronous 

speed. This may be illustrated in another way. When the rotor is turning at 

synchronous speed there is no voltage generated in the rotor windings because 

the rotor bare are cutting no lines of flux. Therefore, there can be no our-

rent flow in the rotor. If it is assumed that the rotor is turni.ng at a speed 

of 97% of synchronous at no-load the value of Zit at this speed becomes 

ZR= 16 R2 (approximately) 

Sjnoe this is a very finite number there must be a small amount of current 

flowing in tho rotor which will introduce an appreciable error into the solution 

of motor oonstanta. 

It has be n shown th t the no-Joad or running light test is in error 

for the purpose of determining the values of circuit parameters. At the same 

time it has bean shown thnt for a batter solution of circuit parameters that 

the synchronous loAd te t ehould b used, It has also been the usual assump-

tfon that the values or primary and secondary react noes are equal, In the 

presentation that follows no assumption or that sort has been made. 
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For the calculation of the rotor resistance the assumption is made 
. . - . ' . . -. . ·- - . .. ·'-

t~at the current through the shunting impedance branch, Zc, remains constant 

from synchronous to blocked rotor condition. This is not exactly a true con-

dition but it simplifies considerably the determination of R2• 

By observing Figure I and Figure II the following relationships may 

be written. 

(1) 

and 

W = (R1 + R) (I )2 
S O S 

(2) 

Since WB, W8 , I 8 , IB' and R1 may be obtained from laboratory tests 

the values or expressions for Rc and R1 may be solved for from equations (1) 

and (2). 

Rewriting equation (2) 

2 2 
(Is) Ro= Ws - (Is) Rl (3) 

or, 

Knowing the value of R0 , the expression for R2 may be solved for from 

equation (1). Solving .for~ from equation (1) 
2 2 2 

R2 = (WB - IBRl - IsR0 )/ (IB-,. I 8 ) (5) 

The expressions for R0 , R2, and R1 having been derived the analytical 

expressions for x1 , X2, and X0 m-uat be obtained . 

From Figure I i.t can be seen that 

(6) 

or 

(7) 

Since the quadrature components and the real components of each side 



EQUIVALENT CIRCUIT UNDER SYNCHRONOUS CONDITION 

FIGURE I 

x1 Primary or stator reactance 

R1 Primary or stator resistance 

X0 Core reactance 

R Core resistance e 

14 
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EQUIVALENT CIRCUIT UNDER BLOCKED-ROTOR CONDITIONS 

Ye 

FIGURE I I 

Xl Primary or st ator reactance 

Rl Primary or stator resistance 

Xe Core reactance 

Re Core r esistance 

X2 Secondary or rotor reactance 

R2 Secondary or rotor resistance 
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of equation (7) must be equal the following expressions may be established. 

That is, 

(8) 

and 

Xs = Xl + Xe (9) 

From Figure II it can be seen that 

(10) 

or, 

(11) 

The analytical solution of equation (11) in the form that it is now in 

will be rather complicated. However, by that assumption that the value (X2 + X0 ) 

is equal to l.75X equation (11) is simplified so that an analytical solution s 

is feasible. 

or, 

Rewriting equation (11) 

(R2Rc - X2Xc) + j(X2Rc + XcR2) 
RB+ jXB = Rl + jXl + (R2 + R0 ) + jl.75Xs 

where Ao= (R2Rc - X2Xc) 

Bo= (X2Rc + XcR2) 

Co= (R2 +Re ) 

Rationalizing equation (13) 

(12) 

(13) 



17 

Since the real and quadrature components of both sides of equation (15) 

must be equal, equation (15) may be separated into two equations. One of these 
I 

equations will contain the real components and the other will contain the quad-

rature components. Equation (15) becomes 

(16) 

and 

(17) 

From equations (16) and (17) the analytical expressions of x1 and x2 may be 

obtained. 

Substituting the values for A0, B0 . amd c0 into equation (16) and ex-

panding it becomes 
(R2Rc - X2Xc ) (R2 + RC) + 1. 75Xs (X2Rc + XcR2) 

RB= Rl + (R2 + Rc)2 + J.06X~ (18) 

From equation (9) the expression 

X = X - X 
C S 1 

(9) 
a 

may be written . Substituting equation (9a) into equation (18) the expression 

for~ becomes 

RB = R1 +([~Re - X2 (X8 - x1) J (R2 + R0 ) + l.75X8 [ X2Rc + 

(X8 - x1 )R2]] I UR2 + R0 ) 2 + J.06~] (19) 

Letting A1 = (R2 + R0 ) 2 + J.06x! 

equation (19) becomes 

AlRl + [B2 - X2(Xs - X1)] C2 + l.75Xs [~RC + (XS - Xl)R2] 
RB= Al 

(20) 



Expanding equation (20) 

A1RB = A1E1 + B2c2 - C2X2X8 + C2X2X1 + l.75X8 X2R0 + l.75R2~ 

- l.75X6X1R2 

Rearranging equation (21) 

A1RB = A1R1 + B2c2 + 12 (C2x1 - c2X6 + l.75X6R0 ) + l.75R2~ 

- l.75X6X1R2 

Rearranging equation (22) 
2 

x2(c2x1 - C2X8 + l.75X8R0 ) = A1RB - A1R1 - B2c2 - l.75R2X8 

18 

(21) 

(22) 

+ l.75X8X1R2 (23) 

Solving for x2 from equation (23) 

A1RB - A1R1 - B2c2 - l.75~x: + l.75X8 X1R2 
X = . . (24) 
2 c2x1 + l . 75XsRc - c2xs 

Thus an expression for x2 in terms of x1 has been derived. By ob

serving equation (24) it will be noted that all of the components except 

those of x1 and x2 are known. Therefore the equation may be written as 

Where 

x - A3 + c3x1 
2 - c2x1 + BJ 

2 
A3 = A1RB - A1R1 - B2c2 - l.75X8R2 

B3 = l.75RcXB - C2Xa 

c3 = l.75X8R2 

Rewriting equation (17) 

Substituting the values for the constants into equation (17) it becomes 

(25) 

(17) 

(26) 
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Since X = X - x1 this relationship may be substituted into equation (26). 
C S 

The equation then becomes 

XBAl = X1A1 + [RcX2 + (Xs - X1)R2J c2 - l.75Xs [B2 - X2(Xs - X1)] (27) 

Expanding equation (27) 

A1XB = [RcX2 + R2Xs - R2~] c2 - l.75Xs [B2 - X2X8 +x1x21 + A1X1 (28) 

Rearranging equation (28) 

2 AlXB = X1A1 + c2RcX2 - c2R2Xs - c2R2x1 - l.75X8B2 + l.75X2X8 

- l.75X1X2Xs 

Rearranging equation (29) it transforms to 

2 A1XB = X1A1 - C2R2x1 + c2RcX2 + l.75X2X8 - l.75X1X2X8 + c2R2X8 

or 

AlXB = (Al - C2R2)X1 + (C2Rc + 1.75x!)x2 - l.75XlX2Xs 

(29) 

(JO) 

+ (C2R2X8 - l.75XsB2) (31) 

All of the values of equation (31) are known but x1 and x2 • For easier 

manipulation of the equation it may be rewritten as 

where A4 = Al - C2R2 

2 B4 = c2R0 + l.75X8 

c4 = C2R2Xs - l.75XsB2 

Substituting equation (25) into equation (32) it becomes 

Expanding equation (33) 

B4A3 + B4c3x1 l.75X1XsA3 - l.75~XsCJ 
Al~= A4Xl + C2X1 + B3 C3X1 + B3 + C4 

(32) 

(33) 

(34) 
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or 

A1XB(C2X1 + B3) = A4X1 (C2X1: B3) + B4A3 = B4C3X1 - l.75X1XsA3 

- l.75:x1Xsc3 + c4(c2x1 + B3) ~ (35) 

Equation (35) may be rearranged further by grouping the Xf terms, 

the x1 terms and the constant·s together; 

O;:: xf(A4C2 - l.75XsC3) + Xl(B3A4 + B4C3 + c4c2 - l.75XsA3 - AlXBC2) 

+ (B4A3 + B3c4 - A1XBB3) (36) 

By inspection it is readily seen that equation (36) is a quadratic 

equation of form 

ax2+bx+c=O 

the solution of which is 

x=------
2a 

or the solution of equation (36) is 

where 

and 

-b : J"""b_2 ___ 4_a_c_ 

xl = 2a 

a= A4c2 - l.75X8CJ 

b = B3A4 + B4C3 + c4c2 - l.75XsA3 - Al~c2 

c = B4A3 - B3A1~ + c4B3 

2 
AJ = ~RB - A1R1 - B2c2 - l .75R2X6 

A4 = Al - C2R2 

B2 = ~Re 

B3 = l.75R x - c2x 
C S . S 

(37) 

(38) 
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The solution of equation (38) will yield two solutions from which the 

real answer must be ascertained. 

The solution for the primary, core and the secondary reactances just 

presented was simplified by the assumption that the quantity (x2 + I 0) was equal 

to lo75Xs. The solution of these quantities will now be presented without 

making the assumption that the value (X2 + X ) is equal to 1,751. 
C S 

Rewriting equation (11) as 

(R2Rc - X2X0 ) + j(R2Ic + RcX2/ 
RB+ jXB = R1 + jXl + (R2 + Re) + j(X2 + Xe) (39) 

Rationalizing equation (39) 

(A2 - X2X0 ) + j(R2Xc + RcX2) [A1 - j(X2 + Xe~ 
jXl + A2 + (X + X )2 

1 2 C 

(40) 

where 

Expanding equation (40) 
A1(A2 - X2Xc) + jA1(R2Xc + RcX2) 

2 2 
A1 + (X2 + Xe) 

j(A2 - X2Xc)(X2 +Xe)+ (R2Xc + RcX2)(X2 + Xe) 
2- 2 

Al+ (X2 + Xe) 

(41) 

Since the real and quadrature components of both sides or equation 

(41) are equal the equation may be separated into its real and quadrature 

componentso Separating the equat~on into its real and quadrature parts; 



and 

Expanding equation (42) 

(RB - R1) [A~+ (X2 + Xc)2] = A1(A2 - X2X0 ) + (R2X0 + R0 X2)(X2 

or 

2 2 
(RB - R1)Al + (RB - Rl)(X2 + Xe) = A1A2 - A1X2Xc + X2R2Xc 

+ X ) 
C 
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(42) 

(43) 

(44) 

+ R0 ~ + R2X~ + R0 X0X2 (45) 

Rearranging equation (45) 

A3 = (Rl - RB)(~ + 2XcX2 + x!) -A1X2Xc + X2R2Xc + R2X~ + RCXCX2 (46) 

where 

Since X = X - x1 this relationship may be substituted into 
C S 

equation (46) 
2 _2 2 

A3 = A4x2 + 2X2A4(x8 - x1 ) + A4(x; - 2X8X1 + x1) - A1X2(X8 - x1) 

2 2 
+ X2R2(Xs - Xl) + RcX2 + R2(Xs - X1) + RcX2(Xs - Xl) (47) 

Expanding equation (47) 
2 ~ 2 

AJ = A4x2 + 2~A4X8 - 2X2A4x1 + A4x;_ - 2A4X6X1 + A4x1 - A1X2X8 

2 2 
+ A1x2x1 + X2X6R2 - x2x1R2 + R0 X2 + R2X6 - 2R2X8X1 

2 
+ R2Xl + RcX2Xs - RcX2Xl (48) 

Rearranging equation (48) 
2 2 2 2 

AJ - A4X8 - R2X8 = x2(A4 +Re)+ x1(A4 + R2) + X2(2A4X8 - A1X8 + R2X8 + R0 X8 ) 

(49) 



Equation (49) may be written as 

A5 = A6~ + (X2~ + Ag) xl + 19x2 + Alo~ 

A2 = ~Re 

2 
A3 = Al(~ - Rl) - A1A2 

A4 :a Rl - RB 

A =A -Ax2-RX2 
5 3 4 s r s 

A-=A -2A -R -R =-2A 
-~7 l 4 2 C 4 

' 
Ag= 2Xs(A4 + R2) = -2XsA6 

A9 = Xs(2A4 - Al+ R2 + R0 ) = -XsAr, 
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(50) 

Equation (50) may be solved for x1 in terms of x2 but the solution will 

yield two values or roots. The correct root cannot be ascertained by any known 

method. 

To find the other equation that will satisfy the solution for the motor 

constants equation (43) will now be used, 

Expanding equation (43) 

(~ - Xl) [A~+(~+ Xc)2] = Al(R2Xc + RcX2) - (A2 - X2Xc) (X2 + Xe) 

·r ., (51) . "\ 

Substituting X0 = X8 - x1 into the equation ~'( 51) 

2 [ 2 2 _ _2] 2 1 

XBAl + XB x2 + 2X2(X8 - X1) + Xs - 2X8X1 + Xi - X1A1 + 

-x1 [~ + 2(X8 - x1)x2 + x! - ·2xsx1 + x~] 

= Al [ Ri(x. - X1l + Rb] - [!:! - X2 (x. - is.>} [ 12 



Expanding equation (51) 

2 2 2 2 
XBAl + XB(X2 + 2X2Xs - 2X2X1 + Xs - 2XsXl + X1) 

2 2 2 
- X1 (X2 + 2X2Xs - 2X1x2 + Xs - 2XsXl + X1) 

= AJ_(R2X8 - R2X1 + RcX2) - (A2 - ~Xs + X1X2)(X2 

Expanding equation (52) 

2 2 2 
XBAl + XBX2 + 2X2X8XB - 2X2X8XB + XBXS - 2XsXlXB 

2 2 2 3 
-2X1X2Xs + 2X1X2 - X1Xs + 2XsXl - xl 

Which may be arranged into the following form: 

XBAf + XB~ - AlR2Xs + A2Xs 

=Xi+ [-x2 - (XB + 2xs>] x~ + [x2(2XB) + 2XsXB 

(AiRc + ~ - A2 - 2X8XB)X2 + (Xs - XB)~ 

where 

A2 = R2Rc 

B2 = -(XB + 2X8 ) 

2 2 
BJ= 2X8 ~ +Al+ X8 - A1R2 + A2 

B4 = A R + x2 - A2 - 2X XB 
1 C 8 8 

B5 = Xs - XB 

2 2 
B7 = XBAl + XBXs - AlR2Xs + A2Xs 

24 

( 52) 

(53) 

(54) 

(55) 
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The two equations necessary for the exact solution of the motor re

actances have been derived. Unfortunately they are somewhat unwieldy in any 

form into which they are put. There are two methods available in order to ob

tain a solution of the two equations. One method is to take the two roots of 

equation (50) (since it is a quadratic equation), substitute these roots into 

equation (55) and solve for the unknown. The other method is to plot the two 

equations and obtain the solution graphically. The latter method will probably 

be the easier of the two suggested. 

The procedure used in most cases for the determination of motor constants 

is to assume that the primary and secondary reactances are equal. This is an 

approximate assumption at best and in most cases will not be true. The de

rivation presented in this thesis was made with as few assumptions as possible. 

In the first derivation one assumption was made and in the second derivation 

none were made. However, the curcuit used for the motor equivalent is only 

the approximate equivalent. The difference in the two circuits is not extensive 

and will not cause much error in the final result, The tests necessary for the 

determination of the parameters are simple and can be made in the laboratory 

with little trouble. The tests include that of synchronous, and blocked rotor 

conditions, that is, the power input, the input current and the applied voltage. 

The running-light or no-load speed must be determined. These are the tests 

necessary for the calculation of motor performance. 



CHAPTER III 

SOLUTION OF THE EQUIVALENT CIRCUIT 

The solution of Figure III for the performance of the motor will now 

be presented. Since all of the motor constants have been determined analyti-

cally this may be done in terms of actual designations of the constants. The 

values to be determined are the input current, the input power, the power 

factor, the output power and the efficiency of the motor. These quantities 

are standard in the calculation of any motor performance. 

Referring to Figure III it can be seen that the impedance of the rotor 

circuit is 

(63) 

and the impedance of the shunting impedance is 

Z = R + jX 
C C C 

(64) 

The equivalent impedance of the rotor and the shunting impedance is 

( 65) 

and since the stator impedance is in series with the equivalent impedance of 

the rotor and shunting impedances the total impedance of the motor is 

= z + z 
1 3 

= z L!.r 
T 

( 66) 
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EQUIVALENT CIRCUIT UNDER RUNNING CONDITIONS 

R, 

V, 

FIGURE III 

xl Primary or stator reactance 

R1 Primary or stator resistance 

Xe Core reactance 

Re Core resistance 

Xz Secondary or rotor reactance 

R2 Secondary or rotor resistance 

;. Equivalent load resistance 
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Since the ratio of applied voltage to the impedance presented to the 

voltage is current, the input current of the motor is 

Iin = vl I ZT ~ 

= v1 ;-¢.r I zT ( 67) 

The power factor angle is the angle of lead or lag of the current (with the 

voltage vector as the reference vector) . Therefore, the power factor angle of 

the motor is -¢rand the power factor of the motor is 

PF = cos (-¢T) 

= cos ¢T ( 68) 

The i nput power supplied to the motor is the product of the applied voltage, 

the input curr ent and the power factor. To state the previous statement 

analytically 

(69) 

Thus the power input, the power factor and the input current have been 

determined i n terms of the circuit constants. The output power and the effi-

ciency of the motor must be determined . 

The primary (stator) impedance and the equivalent impedance z3 are in 

series, therefore the voltage drop across z3 is 

(70) 

Si nce the same voltage is effectively across the rotor impedance z2 the current 

flowing through z2 i s 

(71) 

The output resi st ance of the motor i s represented by the symbol ZR and is a 

functi on of the sli p of the motor. The analytical expression is 

2 2 
ZR = R2S / (1 - S) (72) 

where S _ actual rotor speed 
- motor synchronous speed 



The power dissipated in the output resistance is 

2 
Wz = (I2) ZR 

R 
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(73) 

It is usually assumed that the friction and windage of a motor remains 

constant for the purpose of motor performance calculations. However, in the 

shaded pole motor the speed is a highly variable characteristic and for that 

reason the friction and windage cannot be assumed to remain constant. For the 

performance calculations in this paper the friction and windage will be assumed 

to vary as the speed varies and hence as the slip. It must be noted that the 

difference between the power input at synchronous speed and the power input at 

no-load is almost one-half of the power output of the motor at full-load. For 

this reason the friction and windage of the machine will be taken as this dif

ference in power, This value will be assumed to vary as the function s2 ·5. 

Now if one-half of the rotor resistance contributes power to the load of the 

motor then the power output of the motor is 

P = W + t(I2)2R - (F + W)(S)2•5 
out ZR 2 

(74) 

The efficiency of the motor is the ratio of the power output to the 

power input and may be expressed by 

Eff = pout/Pin (75) 

Thus the analytical solution of the equivalent circuit has been pre-

sented. Since in any study the analytical solution should be followed by an 

example of the motor performance in numerical values this will not be presented. 

Since it is desirable in many cases to have a predetermined procedure 

for the calculation of motor performance a preliminary calculations sheet and 

a calculation sheet have been included in this thesis. The calculation sheet 

is a straight forward solution of the equivalent circuit of the motor. 



w = s --

w 1 = n --

N 1 ::a: n --

cos ¢B = WB/VBIB = __ 

Rl = 

(F W) == Wnl - W8 = 

PRELIMINARY CALCULATIONS 

I = s ---

I = 
nl 

I = 
B 

cos¢ = W /VI = s sss --

¢B=--

z =V/I = s s s --

Zs ~ :::; Rs + jXs = -- + j __ _ 

ZB ~ :::; RB + jXB = -- + j __ 

R = use equation (4) 
C 

R2 = -- use equation ( 5) 

X -1- --- use equation (38) 

X2=- use equation (25) 

X =X -X1:::; 
C S -

30 

V = s ---

V = nl --. 
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CALCULATION SHEET 

(1) s (17) (14) sin (15) 

(2) R s2 /(1 - s2) 2 (18) (16) + R1 

(3) (2) + R2 (19) (17) + x1 

(4) ~ (3)2 + xl2 (20) .j (18)2 + (19)2 

( 5) ~2 = arctan x2/(3) (21) d = arctan (19)/(18) 

( 6) Re (22) PF = cos (21) 

(7) Xe (23) Iin = v1/(20) 

( 8) (6) + (3) (24) Pin= v1(23)(22) 

(9) (7) + X2 (25) (23)(14) 

(10) ../ ( 8)2 + (9)2 (26) (25)/(4) 

(11) a= arctan (9)/(8) (27) (26) 2(2) 

(12) ../( 6)2 + (7)2 (28) t(26)2(R2) 

(13) b = arctan (7)/(6) (29) (F + w)(s)2·5 

(14) (4) (12)/(10) (30) Pout= (27) + (28) - (29) 

(15) C = (5) + (13) - (11) (31) Eff = (30)/(24) 

(16) (14)cos(l5) (32) HP t = (30)/746 
OU 



CHAPTER IV 

DETERMINATION OF MOTOR CONSTANTS AND EXAMPLE 

OF PERFORMANCE CALCULATIONS FROM 

LABORATORY TEST RESULTS 

The following values were obtained from tests made upon the motor in 

the laboratory. 

R1 = 10.l ohms 

Ws = 42 watts 

Wn1-= 50,5 watts 

WB = 104 watts 

(F + W) = B.5 watts 

Is= .B6 amps 

Inl= ,92 amps 

IB = 1. 56 amps 

Determination of motor constants 

From equation (4) 
2 2 

Rc = (Ws - IsR1)/(Is) 

2 2 - (42 - .86 X 10.1)/ .86 

= it§.8 ohms 

From equation (5) 

Vs = 115 volts 

Vnl= 115 volts 

VB= 115 volts 

(4) 

2 2 2 
R2 = (WB - IB R1 - Is Rc)/(IB-+'Is) (5) 

2 2 0 0 = (104 - 1.56 X 10,1 - .86 X 46.8)/(1,56)~.:2,_ - .86/-64.8 ) 

= 83,4 ohms 

The blocked rotor impedance is 

ZB = VB I IB /-¢B 

= 115 i._.!i:__ I 1.56 !-54,5° 

= 73,6 /54,5° = 42.7 + j60 



The synchronous impedance is 

Therefore 

Zs=Vs/Is/-¢s 

= 1151-Ji:.. I .86 I -64.8° 

= 133.8 I 64.8° = 56.9 = J121 

XB = 60 ohms 

Xs = 121 ohms 

RB= 42.7 ohms 

Rs= 56.9 ohms 
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From equation (36) the following constants are defined. The analytical 

expressions will not be shown. 

A1 = (83,4 + 46.8)2 + 3.06 X 1212 

4 = 6.17 X 10 

A3 = 6.17 x 104 (42.7 - 10.1) - ,39 X 104 X 130.2 -

1.75 X 83.4 X 1212 

,; - 62.8 X 1cf 

A4 = (6.17 X 104 - 83,4 X 130.2) 

= 5.084 X 104 

B2 = 83.4 X 46,8 

= ,390 X 1o4 

B3 = 121.0 X 46.8 X 1.75 - 130.2 X 121 

= -.584 X 1o4 
2 B4 = 130.2 X 46.8 + 1.75 X 121 

= 3.17 X 1o4 

C2 = 83.4 + 46.8 

:;: 130.2 

c3 = 1.75 X 83.4 X 121 

= 1.764 X 1o4 



c4 = 130 .2 X 83.4 X 121 - 1.75 X 121 X .39 X 1o4 

= 48.9 X 1o4 
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From equation (38) the following constants are defined. The analytical 

expressions will not be shown. 

Since 

a= 5.085 X 1o4 X 130.2 - 1.75 X 121 X 1.764 X 104 

= 290.2 X 104 

b = 5.085 X 1o4 X (-.584 X 1o4) = 3.17 X 1o4 X 1.764 X 1a4 -

1 .75 X 121 X (-62.8 X 1o4) + 130.2 X 48.9 X 1o4 - 6.17 X 104 

X 60 X 130.2 

= -.231 X 108 

c = (3.17 X 104 X -.62.8 X 104) - (60 X 6.17 X 108 X -.584) + 

(48.9 X - .584 X 108) 

= -11. 5 X 108 

-b :! .Jb2 - 4ac 
xl = 2a 

= .231 X 108 ~ -/(.231 X 108)2 - 4 X 290.2 X -11.5 X 1012 
2 X 290.2 X 164 

= 24.3 ohms 

X = X - x1 C S 

= 121 - 24.3 

= 96.7 ohms 

(38) 

From equation (25) the value of x2 may be determined. 

X2 = (A3 + C3 X1) / (C2X1 + B3) (25) 

= 
-62.8 X 1a4 + 1.764 X 104 X 24.3 

130 .2 X 24.3 - .584 X 1o4 

= -20 .1 X 104 / - .268 X 104 

= 75 . 0 ohms 



EQUIVALENT CIRCUIT AS DETERMINED BY 

LABORATORY TEST RESULTS 

83.4.IL. 

C, 6. 7...!L-. , · 

FIGURE IV 

xl = 24.3 ohms 

R1 :: 10.1 ohms 

X0 = 96.7 ohms 

R0 : 46.8 ohms 

x2 = 75.0 ohms 

R2 = 83.4 ohms 

z = 83.4 s2/(l - s2) ohms 
r 

\ 

35 

B3.4-S7-
l-5£ 



; 

-

so I 

.. 

GRJ ~PHll AL S( ~LUT/( '>N OF 

4() 
E.( ~UATI( )NS (5 r;J)E/S. ;) 

I . 
X, 

I \ 
I\ 

3() 
...... 

'\ J 

~ ~ ; 

_c ~ ~! .,.,, 20 

~ ""' ~~ - . • 

. - (j"') 

c::: 
:::0 ' rr, .. --. . 

~ /() 

"" o4:: , 
. l f) 2() 40 60 BO /(){) /2() 140 \.,.) 

O' 

X2. 



37 

Example of Motor Performance Calculations 

The output of the motor is a function of the slip of the motor. There-

for let 

then 

S = .80 

s2 = .64 and 1 - s2 = .36 

The impedance of the rotor circuit is 

Z2 =(ZR+ R2) + jX2 

= (83.4)(.64)/(,36) + 83.4 + j75.0 

= 243/17.95° ohms 

The impedance of the shunting impedance is 

z = R + jXC C C 

= 46.8 + j96.7 

= 107.5/64.2° ohms 

The sum of the shunting and rotor impedance is 

Zc + z2 - 279.2 + jl71.7 

= 327L31.6° ohms 

The magnitude of the equivalent impedance of the shunting and rotor 

impedance is 

Z3 = Z2Zc/(Z2 + Zc) 

= 243 (107,5)/64.2° + 17.95° - 31.6° /327 

= 79.9/50.55° ohms 

or expressed in coordinate form 

= 50.6 + J61.6 

The total impedance of the motor is the sum of z3 

and z1 is 

ZT = Z1 + Z3 

= 10.1 + j24.3 + 50,6 + j61.6 

= 60.7 + 85.0 
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and expressed in polar form is 

The total impedance of the motor has been found and from this magnitude 

the remaining quantities of the motor performance may be obtained. 

The i nput current is the ratio of the applied voltage to the impedance 

presented to this voltage. Therefor the :input current is 

\n = vl/ZT 

= 115/104. 5 

= 1 .100 amps 

The power factor of the motor is defined as the cosine of the angle 

between t he voltage and current. Si nce this angle is determined by the imped-

ance of the circuit the power factor angle of the motor is the negative of the 

impedance angle. Therefore the power factor is 

PF = cos (-,0T) 

= cos (,0T) 

= cos (54.5) 

= . 580 

The power input of the motor is the product of the applied voltage, 

the input current and the power factor and is 

= 115 (1.100)(.580) 

= 73.6 watts 

The voltage drop across the :impedance z3 is 

v2 = z3I. 3 1n 

= 79 . 9 (1.100) 

= 87 .9 volts 

Since the same voltage is impressed across the rotor impedance the 



current flowing in the rotor circuit is 

VI2 = Vz3 /Z2 

= 87. 9 I 243 

= 0362 amps 

The power taken by the output resistance is 

2 
WZR = (I2) ZR 

= ( .362/(148) 

= 19.30 watts 

The total power output of the motor is from equation (74) 

P = 19.3 + t(83.4)(.362) 2 - (9.5) X (.8)2•5 
out 

= 19.29 watts 
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The efficiency of the motor is the ratio of the output power of the 

mot or to the i nput power of the motor and is 

Eff = 19 .29 / 73.6 

= 26 .2% 

Comparison of Laboratory Tests and Calculated Results 

Calculated Laboratory Tests % Error 

1in 1.100 1.140 3.45 

pi n 73.6 74.5 1.2 

PF . 5800 .590 1.6 

Eff 26.2 26 .9 

&RPM 1440 1400 2.7 

The greatest error obtained was the calculated speed of the motor. 

However, these errors increase in magnitude s)mewhat as the horsepower output 
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of the motor is decreased. This is not an uncommon occurrence in motor per

formance calculations. 

The example shown was the performance calculation of a Robins and Myers 

1/40 HP Shaded Pole Motor. The entire calculation is shown on the calculation 

sheet for the 1/40 HP motor. 



CALCULATION SHEET FOR ROBINS AND MYERS 1/40 HP MOTOR 

1 2 3 4 5 

1 s .80 .825 .850 .875 .900 
2 R2s2/1 - s2 148 178 217 273 356 
3 2 + R2 221.4 261,4 300.4 356.4 439,4 

4 32 + x~ 243 272 210 364 445 
5 1,1.tan-l X2/3 17.95 16.0 14.0 11.9 9.7 
6 Re 46.8 46.8 46.8 46.8 46.8 
7 Xe 96.7 96.7 96.7 96.7 96.7 
8 6 + 3 279.2 308.2 347.2 403.2 486.2 
9 7 + X2 171.7 171.7 171.7 171.7 171.7 

10 82 + 92 327 353 387 439 516 
11 a= tan-1 9/8 31.6 29.0 26.3 23.0 19.4 
12 62 + 72 107.5 107.5 107.5 107.5 107.5 
13 b = tan-1 7/6 64.2 64.2 61~.2 64.2 64.2 
14 4 X 12/10 79,9 82.9 86.2 89,4 92.9 
15 C :: 5 + 13 - 11 50.55 51.2 51.g 53.1 54,5 
16 14 cos 15 50.6 51.9 53.2 53.6 54.0 
17 14 sin 15 61.6 64.5 67.8 71.5 75.6 
18 16 + B1 60.7 62.0 63.3 63.7 64.1 
19 17 + X1 85.0 88.7 92.1 95,8 99,9 
20 ·182 + 1~ 104,5 108 111.5 115 118.8 
21 tan-119/18 54.5 55.0 55.4 56.3 57,3 
22 PF= cos 21 .580 .572 .566 ,553 ,538 
23 Iin =V1/20 1.100 1.064 1.031 1.000 .969 

24 Pin= v1 X 23 X 22 73.6 70.0 67.3 63.5 59.8 

25 23 X 4 87.9 88.3 89.0 89.4 89 .9 
26 25/4 .362 . 324 .287 .245 .202 
27 262 X 2 19.30 18.70 17.9 16.7 14.55 
28 t X 262 X R2 5.44 4 .36 3.41 2 . 51 1.70 ,. 

29 (F + w)(s)2·5 5,45 5. 87 6 ,34 6.80 7.30 
30 Pout= 27 + 28 - 29 19.29 17 .19 14.97 12.41 8.95 
31 Eff = 30/24 26.2 · 24 .5 22 .2 19.6 15.0 
32 
~ 

H Pout= 30/746 . 0258 .0230 . 020 .01665 . 0120 

6 

.925 
493 
576.4 

581 
7.4 

46.8 
96.7 

613.2 
171.7 
640 
15.6 

107.5 
64.2 

101.3 
56.0 
54.6 
81.0 
64,7 

104.4 
123 

58.2 
. 526 
.935 

56.6 
91.3 

.157 
12.13 
1 .028 
7 ,84 
5.32 
9.40 

. 00715 

7 

.956 
896 
979,4 

980 
4.9 

46.8 
96.7 

1026.2 
171.7 

1040 
9.5 

107.5 
64.2 
97.6 
59.6 
51.3 
87.5 
61.4 

110.9 
126.7 

61.0 
.485 
.910 

50.6 
92.2 

.0943 
7.97 

.371 
8.49 
-. 149 
- .294 

~o 

~ 
I-' 
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CONCLUSIONS 

The theory and operation of the shaded-pole motor is different from 

any other type of single-phase motor. It is therefore expected that the method 

of analyzing its performance should be different. When the i"iriter first at

tempted to analyze this motor it was thought that perhaps one of the commonly 

used methods of analyzing a single-phase motor would be used. However, by 

using the standard laboratory tests, it was soon realized that: 

1. The rotating field theory was very inadequate because of the high 

slip of the motor. 

2. The cross f~eld theory cannot be used because of this same high 

slip. 

The most error, it is believed, arises from using the no-load or running 

light test of the motor for calculating the motor parameters. It was therefore 

necessar y to use some other test to determine some of the motor constants and 

one of the tests ultimately used was the synchronous speed test or synchronous 

load test of the motor. From the blocked rotor and synchronous load tests of 

the motor two equivalent circuits were set up and from these circuits the ana

lytical expressions for the resistance and reactances were determined. In the 

calculation of the motor reactances one assumption was made and using this 

assumption a relatively simple solution of the circuits was obtained. After 

obtaining this solution the original assumption was disregarded and the cir

cuits were then solved analytically for the exact solution. However, the 

exact solution was so complicated that it is necessary for the average mathe

matician to graph the t wo final equations to determine a numerical solution. 
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This was done i n this thesis in order to compare the results of the two methods. 

The results of the two solutions are tabulated below. 

Graphical Solution of Solution of Equations 
Equations (50) and (55) (25) and ('38) 

x1 28.6 ohms 24.3 ohms 

x2 55.5 ohms 75.0 ohms 

X 92.4 ohms 96.7 ohms 
I C 

Using either of the two solutions for the calculation of motor performance 

will yield approximately the same results and for that reason the motor per

formance was calculated using only the values calculated from equation (25) 

and equation (38). In any case it is far easier to use equations (25) and (38) 

to determine the motor constants than to obtain a graphical solution of equa-

tions (50) and (55). 

Because of the highly variable speed of the motor it was soon apparent 

that the usual procedure of subtracting a constant value of friction and wind-

age from the rotor output would not work. It was necessary to use a variable 

value, not necessarily the measured value of friction and windage, to be sub-

tracted from the rotor output. In the motor used to determine this method the 

difference between the synchronous load test and no load test of the motor 

(in watts) was almost 50% of the motor output at full load. This value was 

used as the "friction and windage 11 of the motor and was allowed to vary as a 

function of the slip of the motor. It is realized that this is an unorthodox 

procedure but the results seem to justify it. 

Various methods were used in order to determine the performance char-

acteristics of this motor. As would be expected one of the first methods that 

was thought of was the circle diagram. However, after plotting the current 

locus of the two motors available it was soon determined that the current locus 

of the motors were not circles. By using various methods of trying to determine 
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the nature of the current locus it was found that an ellipse fitted this locus. 

If the ellipse determined would have had its major and minor axes parallel to 

the direc t and quadrature current axes the analytical solution could be ob

tained quite readily. Unfortunately this current locus ellipse had the major 

and minor axes tilted to the direct and quadrature current axes which makes a 

very complex problem to be solved . This method was discarded after this fact 

was determined. There was one conclusion made from this study and that was 

that again the synchronous load test must be used instead of the no-load test 

to locate one point on the ellipse if any solution is to be obtained to this 

problem. 

The results of the performance calculation of the 1/40 horsepower motor 

was satisfactory. The greatest errors obtained were present in the calculated 

power input and the power factor. Both of these calculated values were higher 

than the laboratory t ests indicated. The efficiency, input current and the 

rotor speed agree quite well with the laboratory tests. 

Unfortunately, the proposed method cannot be used to determine the 

performance characteristics of the larger sizes of motors. However, it is be

lieved that the method is practicable for motors of r atings less than 1/30 

horsepower. Time does not permit the writer to obtain a solution to this 

problem, but it is hoped that a solution can be obtained and presented some 

time in the near future. 

One of the greatest difficulties encountered in a study of this type 

is the determination of accurate laboratory tests. The motor used in this 

study had a current input variation of approyJ..mately t wo tenths of an ampere 

bet ween no-l oad and full load. The instruments available in the average labo

r at or y have an inherent error t hat will cause inaccurate results even if the 

utmost care is used in taking readings. For this reason there are errors 

pr esent i n both the calculated and laboratory results. In connection with the 
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determination of laboratory tests it is well to mention a curious result that 

was noticed. When the blocked rotor test was taken the rotor was turned a small 

amount in both directions and as the rotor was turned it was observed that the 

current and power input varied a small amount. It is thought this variation 

was caused by some action of the shading coil as different parts of the rotor 

w~repassed. In any case the maximum value of current input should be used for 

the blocked rotor values. 

It is hoped that this thesis has resulted in some advancement for the 

performance calculations of the shaded-pole motor. Very much remains to be 

done on this type of motor and it is hoped that this thesis will serve as a 

guide to those interested in the subject. 
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