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Commercial Uses.

With the growing electrical industry there is an increas~
ing demand for convenlent, effgcient ang practical means of
utilizing electrical energy. The combined efforts of the designer
and manufacturer have produced an electric motor to suit the
various demands made upon it.

The direct current and synchronous motors still hold their
respective places in the conversion of electrical into mechanical
energy. While these motors hold a place which, perhaps no other
motor can hold, theyare at the same time found unsatisfactory in
many modern requirements. The question might justly be asked why
these motors do not £111 all the requirements of an electric motor,
why is the induction motor coming into use and what are its ad-

vantages?

Probably a strong point in favor of the induction motor is‘

its adaptability to the present use of alternating current; however
the synchronous motor with its characteristic faults also holds a
blace in this field. The shunt and series motor might also be used
on alternating current; however the shunt motor has the objection
that in the armature the current is in phase with the E.M.F. while
the high inductance in the fields gives the current: in them about
90 degrees lag, thus throwing the armature current and field current
out of phase with each other. To overcore this objection the field
may be excited from g separate E.M.F. differing in phase 90 degrees
from that supplied to the armature. A quarter phase machine would

do this, one bPhase furnishing current for the armature while the

other supplied the field, but this would load the two phases
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jdisc shape with partially closed holes on the periphery to receive the |
fsaeondarv windings. TFge. 2, plate 1 shows a rotor of the squirrel

cage type. A number of these thin stampines clamped togsther on the
armaturs shaft constituts the drum. By placing the slots of the tJnD—
ings &ll-opposite each other a long slot is formed on the drum D&rall~i

el to the armature shaft. In these slots are placed heavy copper rong
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sct over at the ends when they are all connectad by a heavy
copper ring.

If the motor is to be started under load a winding other
than the squirrel eage is used. TFig.'s 1 and 2 plate 3 show two con-—
mon forms of armature winding. Fig. 1 illustrates a three phase wind-— |
ing with resigtance in the three lsgs. This resistance is insartsd |
jon starting and can be thrown out by ths attendant or by an automatic
device when the motor aequires full speed. Fig. 2 gshows a winding in
which its terminals are brought out to glip rings on the armaturs
shaft. By this means a starting resistancs can be inserted in the ar—i
mature circuit and operated soms distance from the motor, the connact—;
ion being through brushes of slip rings.

THEORY of OPERATION.

If a horse-gshoe magnet be held over a compass needle, the
needle will take a position parallel to the lines of force, leaving |
the north pole and entering the south pole of the magnet. If the mag—L
nst be rotated it is evident that the needle will rotate to keep its
relative position with the lines of force. If a four pole fisld be
Placed around the nesdle and one pair of poles be first excited and
[then the other, the needle will take the position shown in Fig.'s 1

Ineedle will assume the position shown in Fig. 3, Plate 4. Now if
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unsymmetrically and be unsatisfactory. The series motors have been
used to a limited extent, their main objection being the excessive g
self induction introduced by the alternating field current, and the
consequent low power factor, combined with viclous sparking at the
commutator.

The synchronous motors ﬁd not have sufficient starting
torque to bring them up to speed under load. It is therefore
necessary to have at hand some guxiliary source of bower. The in-
duction or synchronous motor is very satisfactory for polyphase
clrcuits. The synchronous motor has the objection of speed vari-
ation.

For the same output the induction motor usually has the
advantage in weight, space of installing, minimum repairs, great
durability and slight attention. In the point of commercial ef-
ficiency it is not difficult to build an induction motor which is
fully up to the average efficiency of other motors of similar out—
but. The slip rings are dispensed with leaving no chance for
sparking. The polyphese induction motor, unlike the synchronous,
can be started under load. (The different methods for starting willg
be given under *starting devices"). - : 5

While the polyphase motor has a varied use there are conditi-
ons under which the single phase induction motor is considered more
desirable. These motors have the advantage of being used on a
single phase light circuit of a three nhase system, and for mdtors
up to cértain sizes they are prefered owing to the comparative
small first cost of transformeré, line construction ete. The two

Or three phase motors necessitate either two or three~transformers,

four or three primary wires, and as many secondary wires from the ‘

s




transformers to the motors.
STRUCTURE.

The indyction motor consists of g brimary and a secondary
member, each provided with a winding. The Primary member (commonly
called stator) serves as a field ang usually recelves the alternating
impersed E.M.F. from the line. The secondary member (commonly called
rotar) serves as an armature on which the rotary field produces the
opverative torque.

The stator or stationary member of the induction motor is

built up of soft laminated iron stampings held firmly in a ecast iron

case and closely surrounding the rotor. The inner eylindrical surface |

of this stator is slotted as shown in Fig.l, Plate 1, to receive the

primary winding. Fach projection of the stator core does not necessar—|

ily mean a pole, since a distributed winding is generally used. The
slots are insulated with micanite or other insulating material. In

some monophase motors there are two distinct windings, one being the

running winding always in curcuit, the other the starting winding,

being in curcuit only at atarting. The purpose of this latter winding

is to provide a magnetization, the action of hich, on the rotor cir-

‘cuits Produce the starting torque.

e I
In di-phase motors there are two and in theephase motors three

distinet windings which remain always in eircuit. The common winding
Tfor the three phase and two bhage are shown in plate 2, Figis 1 and 2

being the ster and mesh winding for three phase, while Flig.a 3 a8nd 4

are for two phase winding.

|

The secondary member is usually the rotating member and is
colmonly called rotor. The rotor like the stator is built up of soft

laminated iron stampings. The rotor stampings are disc shape with
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[these Poles be excited with two phase alternating currents ones pole
will grow weaker while the next is growing str@nﬁar'and thus the latter|
will attract the needle. After this pole reaches its maximum strength
éﬂﬂ begins to die away the next pole neging to incrssse and thus the |
nesdle is kept revolving around in its effort %o keep up with the ro-
tating polarity of the fisld, If, instead of the needle, an iron

icors or armature with copper conductors Pargllel to its axis snd short
icircuited on themselves, be placed in the field, rotation will again

4

be produced. The rotation in this case is due to gecondary currents

41}

being set up in the gecondary winding and reecting on the Primary
winding.
ROTATING STATOR FIELD.

The stator windings are arrangsd in slots in the stator elewf

w
D

ment Fig, 1, Plate 1, exactly in the same manner as thoss on the arma-
turs of the three phase or two-phass alternator, according as the |
motor is to be supnlied with three or two phase currents.

Fig. 1, Plate 5 shows a cross section of a two phase, four
pole induction motor, The stator conductors are shown in section by
ithe small circles; the slots being omitted for the sake of clearness.

Fig. 2, Plate 5, Indicates the connectiong &nd current re-—
lations 6f a two phase winding. There are two distinet circuits, the
one marked "A" containsg all ths conductors and carries all thse currenté
°f one phase, while thoge markdd B constitute the other group of con- |
@uctors with its phase of 90¢° from that in A. The cross connections
and terminals of only one cibkcuit are shown for the sake of clearnsss.
Ehe conductors of each group are so arranged that the currents are in

‘the opposite direction in adjacent groups as indicated in the figure.
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Fig.'s 3 and 4, Plate 5, show the relativs pogition of the

stator conductors and flux path, for the flux set up by the currant in |

|these conductors.
In this discussion a smsll cirele with a dot in the center,
is to indicate & current flowing out of the plane of the paper toward

[ ¥}

the observer, while a small circle with a cross in i, is to indi-

oLy

icate current fylowing from the observer into the plane of the paper,
Flate 5, ®ig.'s % and 4.

The lines A and B, in Fig'a 1, 2 and 3, Plate 6 are supposedé
to show the phase relation in the A and B groups of conductors respect-

ively; while their projection to the right on the current curve shows ;

the current value. The state of affairs when the current in conduct- |

Q

r A is a maximum and that in conductor B is zero, is shown in Fig. 1,

=
e

ate 8, The dotted lines show the path and direction of the magnet«%
ic flux set up by the respective grouvs of conductérz-when the ourrent§
bhase and magnitude iz as represented by A and B. North poles (N) and |
south poles (S) indicate wherethe flux leaves and enters the stator.
Figure 2 indicates the relations 1/3 of a cvele later when ths current;
in the A conductor has decreassed, and the current in B has increased,

to the same value. Thig shows & movement of the poles around the ;

stator to be 1/16 of the circumference of the stator. In Fig. 3 is
shown the state of affairas after 1/4 cycle, when the current in the A
iconductors has fallen to zero and that in the B conductors increased
to maximum,

The poles on the stator have again moved 1/16 of the circum-

|ference of the stator. Thus i+t is shown that in this 4-pole motor

each quarter cycle moves the N and S poles 1/8 of a circumference, or

1two cycles will move them a complete revolution. Hence in genersl,

¥ig
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1if n is the revolutions par sscond of the stator magnetism, P the N |

| OPpogite each other, attracting instead of repelling.

oles, and £ the frequency of the alternaton current
« While this clesrly represents ths rotation of the

field in a two phase motor, a similar discussion might be made for j ff

In the case of a single phase moitor the stator coils Fform

a gingle current fed by a single alternating current. In this the re— |
sulting magnetic field preserves a constant direction and gimply al-

v

ternates in sense, as in a stationary transformsr; so if the rotor is|
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the alternating currents induced in the rotor coils, producs

3

no torque since the impulses are alternately in opposite dirsctions.

If, however, by mechanical means the srmaturs is given an initial ve—

| locity, the field exerts a torque and the rotor will increase in speed|

until nearly in gymchronism with the stator field. I
ROTATION of SINGLE PHASE ROTOR.
By study of Fig. 1 PlateZ, it would sppaesr that a single

phase motor would not start from rest, nor would it run after once

being started by mechanical msans. Congidering Fig. A, Platel,

suppose the rotor standing still and the current in ths stator in- i
creasing from zero to maximumm in the direction indicsted. While the

stator flux ig increasing there will be currents set up in the rotor

| conductors in the direction indicated, thus forming a north pole on

the rotor exactly under a Bonth pole on the stator. It is clearly

geen that there will be no resultant turning moment to start the rotor| | N

lnor will it start when the current in the stator changes directions,

| for we have practically the same condition only that unlike poles are
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Now it apnears that

this rotor is given any desired init- |

|ial velocity, it will never have a torqus exerted by the fields. Thisg |

is clearly {ruey where the poles are formed on ths motor in the posi-
|tion shown, and this is where the Doles would be formed, if it were
not for an inductive effect of thas rotor winding. The reason why
the rotor once get in motion develops a torque in the game directions é LI
|may be explained as follows.

If the rotor coils have only resistance and no inductance,
it iz easy to see that for a complets armature, the wholse surface of
which is covered by coils, the torque will be elock-wise for half the
coils and counter—clock-wige for ths other half, so the resultant
torque ig zero. Now if the resistance is small and the inductance
.fairly large the angle the current in the rotor coils lag behind the %
rotor E.M.F., will approach 90°. That ig the armature will have time;
to rotate, between the time the E.M.F., is induced and when the cur- |
rent reaches its maximum value. This being the case ws do not have |
the state of affairs shown in Fig., 1 Plate T when the rotor is revolv-— | jﬁ; 
ing but instead, the poles on the rotor move out from under those of
the stator and there is first a repulsion between poles and then an
attraction, thus giving a torque.

suppoge Fig. 2, Plate 7 to represent a section through the : F?:
|rotor with one pair of poles surrounding it. IFf the rotor is station—i
ary as the pole strength increases from gere to maximum, there will beg
jcurrents set up in the rotor conductors as indicated in Fig. 2, thus

(forming a north pole on the rotor under s north pole of the field and

& south pole on the rotor under 2 south pole of the field.

Quadrants a b and b ¢ balance each other, the former tend-

?iHE to rotate in a clock-wise direction. Quadrants ¢ & =nd @ a form
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|2 gimilar balance , ¢ d giving & clock-wise movement and 4 aa counter;
clock-wige movement. The result of all these forces is to allow the 5
| armature to remain at rest. WNow suppose the armaturs to be rotated 5
clock-wige., Since there is self-inductsnce in thes rotor winding, a ?
| certain time will elapse from the mo¥gment the E.M.F. in the rotor is |
& maximun, to the ftims dhe current has reached a maximum. At the _
moment the field passes through zero the inducsd E.M.F. is maximunm, b

so by the time the E.M.F. reachss & maximum the field is aporomimately |

o

maximun also. If the rotor be given a starting veloeity, by the time
the current has increased in value the rotor has turned throueh the
angle shown in Fig. 3, Plate 7, 80 that the poles on the armaturs are
now in a pogition to he repellied by one fisld and atiracted by the
other. Thus the motor will run on singde phase current if once brough?
up to gpeed.

The direction of ratation may be in sither direction accorani
ing as it is once started.

CURRENT - VOLTAGE RELATIONS.
MOTER .

Since the currents in the rotor of an induction, are pro-
duced by induction from the Primary impressed current, the induction
motor in its electro— magnetic features is practically a transformsr.
Aan alternating cubbent transformer consists of one magnetic curcuit,
jinte?linkned with two electric circuits, of which one, the primary, rer
ceives electrical energy and the other, the gecondary, delivers elec-— |

-

| trical energy. In the induction mobtor we have the magnetic circuit
| congisting of the stator and the rotor cores ssparated by a smell air | |1
| €8P, and the interlinked electrical circuits consigting of the stator | ;

}(Drimary) and rotor secondary windings. The difference between the

| transformer and the induction motor ig, that in the former the second-|




jary is fixed relative to the primary, and the electricsl energy in-

duced in the secondary is made use of outzide of the transformer:
fwhile in the induction mobor the seconddry is movable regarding the
primary, and the mechanical force acting vetwesn primsry and secondary%
is used. }
If we designate the spesd of rotation of the field by n . §
p.m., when the motor is at s standstill the speed of the stator rels-
tive to the rotor is n. In this case the E.M.F. induced in a given ro{
tor conductor is equal to the E.M.F. inducad in a stator conductor
and of the same frequency f. Now if the rotor bhe revolving at a speed?
n' the relative speed of rotor and stator field drops to n - n', and
their respective induced E.M.F.'s are in the ratio n — n' both in
lealue and frequency. The ratio of the rotor spesd n ? n' ton is tamn{

ed ths glip. 8. Hence § = - n'

n
Thus the induced E.M.F. i8 8 ﬁimes the impressed E.M.F. on ; | .f
the stator., If the motor is running light it will pevolve but slight— | I L-r
ly slower than the revolving field, so that only enough E.M.F. is |
generated to send through the rotor inductors, current enough that itsé
slectrical energy is equal to all the losses in the motor. Now if a
mechanical load be applied to the pulley of the rotor, the slip will
inerease and the apeed drop. This will cause an increase of I.M.F. in |
the rotor and thus an increase of current which will supply additionali
\electrical power equivalent to the increase of load. If the strength |
of the rotating field, which cuts the rotor inductors, were maintained%.
jconetant, the slip, the rotor E.M.F., and the rotor current would Vary%

directly as the mechanicsl torque sxerted. By increasing the rotor : |

\resistance, the same torque would require an increase in slip to Dro-




duce an E.M.F, sufficient to send the same current, but the propor-

tionalglity would £till be maintained.. Howsver, the field . flux cut 5
:by the rotor inductors does not remain constant under varying loads.
yith inerease of glip, and thus of rotor current, we have an increase
of leakage flux between the rotor and siator. This decrease of flux

linked by the rotor inductors not only lessens the

fog o
@

orque for the same |

rotor current but also necegsitates a greater slip to produce the same |

current . 3
IT a number of curves are plotted for an induction motor
with resistance in the armature, using per cent slip as abscissa

and increasing torque as ordinates it is shown that the maximum top— |

que the motor will give, is the same for different resigiances.

o

However, the grsater the resistance the slower the motor will run whenf
producing this maximum torque. This prineiple is utilized to Xeep

down excegsive current at starting, and largsly increase the starting |
torque per amvere. The necessity of Keeping down current at stariting
is very important, for these motors on stsrting with heavy load require
IVery large current while coming to speed. This large current may
pull down the line voltage and seriously affect line regulation by
virtue of ohmbe drop.

Commercial motors vary in slip from one to ten per cent ac-—

cording to design. Small slip doss not necessarily mean high effi-

cisncy, since the designer may arrange for the losses in the armature

Or in field as he desires.
The most common voltages for induction motors are from 104

to 550 volts, though some are considerably higher. It is important

ithat the voltage for an induction motor be kept up to its normal value |
8ince the output varies as the square of voltage, and if the voltage

deODs little margin is left for over load.




RATIO of TRANSFORMATION. j

The characteristics of the transformer are independent of |
ithe ratio of transformation, other conditions being the same. Doubling?
the number of turns and at the same time reducing their cross section
to one-half leaves the regulation and efficleney of the transformer un—i
changed. In the same way in the induction motor it is unessential what;
the ratio of primary to secondary turns is, or the secondary circuit
can be wound for for any suitable number of turns bProvided the same
total cross section is used. 1In consequence the secondary is usually 5
wound so as to have minimum resistance when running.

The induction motor ;ike the transformer has leakage flux
which 1s generated by the current &n the conductors, but does not cut |
the conductors of the other element of the motor. This flux is called |
leakage flux and has the same effect as Placing an inductance in seriesg
with the priméry outside the stator.

STARTING DEVICES. i
’ As has previously been stated, if an in- i

tuction motor with an ordinary squirrel cage armature be started with
g load the current is enormous. There are two usual methods 7¢ used |
to prevent this large starting current. One is to insert resistance ;
in the armature circuit, the other is to employ a transformer to re—
duce the impréssed voltage. |
| The insertion of resistance in the armature circuit for start-
Llng has already been refered to under *eurrent-voltage relations'.
the plan of ingerting the resistanée within the rotor spider is shown
in Fig. 1, Plate 3. The General Dlectric form 1im of this type,

ﬁhe resistance being cut out after the motor has attained full speed

5V bushing a knob on the end of the shaft. Various methods sre used fog

inserting and cutting out this resistance on starting but they all aim
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at the same end. Placing the starting resistance external to the
motor and inseeting it in series with the armature circuit through
brushes and slip rings is very good practice. Fig. 2, Plate 3, shows
the connectlons. The resistance can be varied as the motor atﬁins speeﬁ.
Some machines are arranged so that the slip rings can be short circuit«i
ed internally when full speed is attained. and thus avoid the I°R 1oss.
which would occur in the brush contact during running if the short
circuiting switch were placed outside the rings.‘

The compensator or autoStransformer can be used to largely

relieve the line of the heavy starting current . Fig. l, Plate 8,

gives a diagram of the connections for employing a compensator for
starting a squirrel cage motor. By this arrangement, provided the
motor can start with little load, it is fed from taps on the compensa—

tor at such points as will give only enough voltage to start rotation.;
In prgctice these compensators are arranged with a number of sets of
taps, and that particular set is used Which corresponds to the lowest
voltage, which, after installing the motor is found to start under the |
required conditions. If a motor is of a large capacity it may have
ite own step-down transformer. In this case instead of having a com-
Pensayor taps may be taken out at suitable points on the secondary
winding. ~Subh a scheme 1s shown in Fig. 2, Plate 8, where connected ;
;hree—phase transformer is used. The three pole double throw switch |
brovides a starting and a running voltage.
| The single phase induction motors have speclial starting de- E i
?ices to give the rotor an initial starting velocity. The necessity

of this has been explained in "Theory of Operation.! Different mekh-

bds are used for acquiring this starting speed, of which a common ’
| : |
method is termed "splitting the phase". This is done by having addi-

|

|
|
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iional coils on the stacor field fed by currents which are out of Phase
‘with the current in the main coils. These coils are in shunt with
£he main colls and have in series with them a high inductive resist-
ance. This makes the shunt current le§ nearly 90° behind the phase of
the other and thus we have virtually a two vhase motor which will come
up to speed. After speed is attained the shumt is opened and the motor |
runs on the single phase cireait. A condenser might be used instesd
of the inductance in the shunt circuit, thus produbing a leading in-
stead of a lagging current.

Another method of starting is thet used in the Wagner single

bhase motor under test. This motor is provided with a commutator to

which the rotor windings are connected. The brushes bearing on the com{

mitator are jolned together by a conductor of low resistance. The sta-— |
tor is supplied with the single phase current while the rotor is brough?
up to speed by the induced currents in the rotor windings acting with ;
the stator flux. While running up to speed the armature connectons are%
such as to place the commutator in service. The brushes bearing on |
the commutator cause the induced armature currents to flow in such a
way that their action with the field is similar to that of a direct
current series machine. When speed is attained the automatice cen-

trifugal governer acts, short-circuiting all the commutator bars and
at the same time 1lifiing off the brushes so the motor runs as a single
bPhase induction motor.

In starting this motor it took five seconds for the brushes
to be thrown off, which took placgtabout 1400 R.P.}M. When the switch
Was first closed the armature in eircuit read 25 amperes, when the
brushes went off 44 amperes and at full load 26 amperes. The voltagse

When the switch was first closed fell from 104 to 96 vodts, and when

@he brushes went off it dropred to 76 volts.




-~ SPEED REGULATION. - é

The speed of induction motors lmay be varied by varying the

resistance in the armature as already stated for starting, or the re-

slgtance may be in the primary. The lattier method is called "varying
speed by potential control" and offers the advantage of avoiding the
ﬁse of slip rings. A scheme of connections is given in Fig. 3, Plate
. Another nethod of varying the speed is to so arrange the windings
as to be able to change the number of poles on the stator. This has
the disadvantage of giving only a limited number of definite speeds.
| ~ CURVE DISCUSSION. -

The results of the tests of the motor are shown by the curves%
on the curve platesl and 2. The data for the curves A, &, 0, E, P, |
and & of Plate 1 was all taken on a commercial efficiency test runlof

the motor. The upper figures of Plate 9 shows clearly connections for

the experiment as run in the laboratory.

The voltage was kept constant( or as nearly constant as pos~|
gible) at 104, normal voitage, while the instruments indiceted in the |
scheme were simyltaneously read for successive increase of brake load. I |
The slight irregularity of the points‘on the curves may be attributed ? i};f
to the following causes: personal error in reading instruments, the |
difficulty in keeping the speed of the élternator constant and also | ZQJ:L
the motor terminal voltage constant.

The slip was taken by the following method: a disc about 10
inches in diameter was placed on the shaft so as to rotate with it.
iThia disc had four black and four‘white sectors radisting outward fromi
;he center, each black sector corresponding to each of the four poles |
0f the motor field. An arc lamp was connected in parsllel over the
%ame E.M.F. source as the motor. As the armature rotated this arc

#lamp was held so as to throw its light on the black and white surface
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of the disc. This caused the disc to appear to rotate in the oppositeé
direction from that of the rotor. IT the number of black sectors -
which appear to pass backward per minute are counted and this number bé
divided by 4 we get the number of revolutions the armature lags.behind
the stator. The ratio of this lag to the stator field velocity is terms+
ed the slip. Examining the slip curve A we find it bractically straighi
until about 1100 K.W. output is reached when it begins té fall more
rapidly. The reason for this is that the slip has become large enough?

that 1t causes considerable leakage flux between the stator and rotor
duscto the reaction of armature current. The torgue 1s proportional
to the square of the useful flux, so thatotocget the increased torque
for the larger loads the rotor speed rust fszll enough that the decreas—f
ed flux can give a rotor current which acting with the wealened field
ican give the required torgue. Thus as the load comes on,the rotor re- 3
quires slip in order to give the current requirsd. The larger current
weakens the fileld and Renece:s a limit of current value is reached Wl'u'_c:h;i
if made larger cuts down torague by excessive reduction of field flux. |
If the load is increased enough a point is reached where the increasingf
current due to slip, so weakens the field that the torque can not be “
increased and the motor breaks down.

The torque curve F on Plate 1 is a straight line up to about
1100 K.W. and from there it curves up showing that torque increases
:faster than output. The reason for this is;~ that speed is a factor
in the output, and since slip increases more rapidly from about 1100
K.W. the torqué must inerease to give the output.

The current curve 6, Plate 1, shows a continual faster in-

hrease than the output. The output is proportional to the product of

?rotor amperes and flux cutting the rotor wgindings. But as the load
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fincreases the armature reaction increases ana cuts down the field flux

80 the current must rise to give the output. If the field remained
| constant the current would be practically proportional to output.
| The power factor curve E shows a proportional incrcase with
output for about half a load then it turns, drops slightly and runs
nearly parallel to the abscissa. At small load when the rotor is nearuz
|11y in synchronism with the stator field there is very little flux cut
by the rotor conductors, and hence nearly all the stator flux is used
in setting up,self induction. A large angle of lag and a small power
' factor is the result. As the load comes on the rotor current increasesé
and reacts on the field flux thus leaving less of it to set up the |

self induction in the field, and the angle of lag is decreased and

the power factor raised. This process continues until we have the fielé
flux reacted upon by the large rotor currents to such an extent that |
a great leakage flux occurs between stator and totor, increases the
angle of lag and hence decreases power factor.
The data for the efficiency curve ¢, Plate 1, was obtained
by Wattmeter readings for input and brake load for output. It is
seen to rise to a maximum efficiency of 67.5% at about 1200 K.W. (.81
' full load) and from there it drops. This fall of the curve beyond the
maximum point is due to the rotor currents reacting on the flux from
the stator, thus decreasing speed to get rotor xurrent and torque,
and as the speed goes down the output decreases and with it the effi-
clency.
| The curve B, Plate 1, is another efficiency curve. This was
faken by belting the motor to a caibrated generator and loading the |
éenerator with lamps. The scheme is shown in the lower figure of Plate;
P- The points for this curve as well as f@¥ the curve itself are drawn%
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in purple ink.to distinguish them from curve C. For the larger part

of the way the two curves coincide, though about the maximum point this
curve rises 1/2% higher and then falls off more suddenly and brakes
down at a less load. There is no spparent cause why. thie curve should j
rise above the other as it does, after coineiding with with it most of |
its length. However, if notice is taken of the points for curve ¢ it |
is seen that they are soméewhat staggered from sbout maximum to the end |
of the curve. One of the points is a 1little higher then any on B.
These points were difficult to obtain accurately due to the difficulty |
of getting both cycles and voltage right at the same time. 8o the
above mentioned reasons are probably the cause of the two curves not
coineiding throughout. : ':fsi
The ordinates of curve D, Plate 1 were obtained by dividing j .?,;Q
output by the product of volts by amperes. It has the same general | |

shape as the real efficiency curve but must fall between it.

The curve A, Plate 2, was taken by clamping the brake tight

t0o the pulley and then taking successive readings of statw torque for

different voltages. ' Foe each reading the voliage wes set at its res— | [

pective value., then the switch closed and the maximum pull on the { ii
scales read. Theoretically the torque varies as the square of the im- |

bressed voltage, and the shape of this curve goes toward canfirming | ﬂ;?{%
this theory.

Curve B, Plate 2, was taken by varying the voltage as in A,
but here instead of reading static torque the motor was allowed to run
up to speed then the brake was tightened until the break down point,
the greatest pull on the scales being read. This curve is pletted 1o

double the absecissa of A but shows about the same general shape. | }
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Curve C, Plate 2, is a frequency speed curve. In taking

this the motor wes run withrno load, the frequency being changed by | ';'ff
changing the speed of the alternator. If there were no losses of |
any kind this curve would be a straight line. However, owing to in-
crease of loss, in hysteresis, windage eddy currents, and perhaps
bearing friction with increase of speed, the speed does not keep up with
the increase of cycles, or the cycles increase faster than proportion- |  ﬂj]
al to speed.
HEAT RUN.
A heat run was made on the machine at full load for about
three hours. During this time the temperature of the various parts

ralsed to the value given below, the temperature of the room being 27 C. ‘f‘

|

Boxing on side Boxing on Surface of "‘L
next to pulley. Commutator end. frame. Commutator. Armature. ; 1f

I i

47.5 48.5 45 57.5 70




1943 [

= BAT A . =
FOR COMMERCIAL EFFICIENCY BY CALIBRATED GENERATOR METHOD.

Watts input Watts Input to Output of Efficiency of Efficiency of
to Motor. Generator. Generator. Generator. Motor.

1112.5 704.6 198 28.1 % 63. 3% |
1250 800 308 38.5 64% | "1f;
1300 850.5 412.5 48.6 v - 65.37%

1552 1035.9 533.5 1.5 = 66.6%

1725 1150 849 656.4 - 66.8%

1875 1280 781 61 Z 68%

2062.5 1400 302 64.4 ¢ 67.8%

2287.5 1510 1028.5 67.9 . 66%

2525 1620 1149 70.8 - 649




B AP A =

FOR_COMMERGCIAL EFFICIENCY

Watta TTALE = .
Watts Tatte Act 7 Pow pparent

Ampsres. Input. Pounds. % Slip. Output .

¢ [~ 2z
2(37 . 10 S s el L] ,}-r_?)l
370 ) 333 1287535 34,4 . 4125 145

575 L85 665 SA, 55. .564 .31

T128+5 1.5 834 382. 52.7 654 « 3523

1
o]

1995 5.4 582 1340 68 . .88 562
2250, 6. 4, 1475 65.5 .83 .543

2375 6.5 4 .45 1590 67 . .83 «555

26050 T 5.28 1695 64.5 BF . 543

VOLTS CONSTANT at 104.

CYCLES CONSTANT at 60.




DA ®A DaT A
FOR CYCLH .— SPREED CURVHE. FOR VOLT - STATIC TORQUE CURVE.
Speed. Cycles. Volts. Pounds.
1980 - — ~ = 80, 104, - = = - - =~ 13
1690 ~ — ~ - 56.4 100 - = = = — — 10
IH AN e B U6 90 - = = = = - = T+5
1618 - = — = 58,5 5T A SRR e | 5.
560 — = — = 50,5 70 — = — = — - —~ 3.5
153100 — = — =48 .5 60 — - = = — = — 2.25
1450 = — = — 46.5 BO = = == — = = k25
L5700, — = ==u 445 40 — — — = == = .75
1270 —~ -~ — — 48 30 = =~ = - = — 25
D AT A
For Volt - Torque Curve.
Volts Pounds.
104 = = -~ -7 .25
HOOE == G,
895 - —— 5. 25
G g NS
85 - = =d
GRS T 1
HH = 5
70 — = - 2.75
68— — = 2485
GOSN D
e e e
— o) e




