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My invention relates to electric motors and
pertains in particular to alternating current

motors. -

Many attempts have hitherto been made to
provide an effective and efficient alternsting cur-'
rent shunt motor, but such motors have -up .to
the present .proved unsatisfactory. Any attempt
shunt
motor in parallel with the armature winding
across a single phase line results in the produc-
tion of very little torque and the commutation
is quite unsatisfactory for the reason that the
magnetic flux-set up by the ‘fleld winding lags

" substantially 90 degrees behind the electromo-

tive force which produces it, while the working
current in the armature winding is more nearly
in phase with the electromotive force. The ar-
mature cwrrent and the field flux are, therefore,
out of phase with each other and since the

.torque of such motor is proportional to the prod-

uct of the field strength, multiplied by the arma-
ture current at any particular instant, the torque

efficlency of the motor is very low. The torque

of -an alternating current motor is, of course,
proportional to the product of the field strength
multiplied by the armature current multiplied
by the .cosine of the phase angle between them.

" Therefore, maximum torque efficiency may be

attained only when the field flux and the work-
Ing current in the armature are exactly in phase
with each other. - -

It has been suggested that an alternating cur-
rent shunt motor might be operated from a two

‘phase power supply by connecting the field wind-
‘ing to one phase and the armature winding to
So connected, the fleld flux .

the other phase.’
which lags 90 degrees behind the electromotive
force producing it would be substantially in phase
with the electromotive force of the second phase

-

to which the armature is connected. However, -

“the working current in the armature is not in

phase with the electromotive force which pro-

- duces it,"'but lags behind such electromotive force

by a substantial angle so that in this case the

- torque efficiency of the motor is very low and its
" performance quite unsatisfactory.

One of the principal objects of my-invention

. comprises producinig an alternating current shunt

-motor having maximum torque eMiciency.

Another object comprises producihg an alter-
nating current shunt motor in which the speed

(CL 172—2717)

apparent by means of the novel structiu'e, com-

" bination, inter-relation and arrangement of parts

which will be hereinafter more specifically de-
scribed with reference to the accompanying
drawings forming a part of this specification and

in which like numerals designate corresponding

. parts throughout.

'Fig. 1 is a diagram representing vectorally the

_ relation of. the electromotive forces of 'a three
phase power supply source and that which I’

employ.

)

10

Fig. 2 is a diagrammatic representation of a -

two pole alternating current shunt miotor uti-
lizing an auto-transformer and embodying my in-
vention..

Fig. 3 is a diagrammatic representation of the )

organization of Fig. 2, but employing a trans-
former. ~ .

Fig. 4 is a diagrammatic representation of a
combination of the organizations of Figs. 2 and 3.

Fig. 5 is a vector diagram illustrating the
relation of the field flux, electromotive forces
and currents present in.the operation of my
motor, ' AN <L :

I have discovered, experimentally. verified and
successfully demonstrgted that an efficient alter-
nating current shunt motor may be successfully
achieved by connecting an impedance device or
transducer such as, for example, a transformer
or auto-transformer, to one of the phases of a

15 .

8

25

30

three phase power supply and connecting a point

.on the transformer winding through the fleld

winding of the motor to another phase of the

three phase power supply in such manner that’

the electromotive force impressed on the fleld

35

winding is in a proper phase relation with the .

electromotive force impressed on the terminals
of the transformer to bring the field flux into
time phase with the working current in the
armature. - _

I have found that if the field winding con-
nection to the transformer is made adjustable
in its connection thereto by means of taps on
the transformer winding or otherwise, the de-

sired phase relation between the electromotive’

 Torce supplied to the field winding and the phase

may be varied widely while the. tqrque is main-

tained at maximum efficiency.

“A still further object comprises producing a
variable speed. alternating current shunt motor -
"in which the speed may be varied from sub-

.Synchronous to hyper-synchronous and maxi-

mum torque efficiency maintained at all speeds.
"' I accomplish all of the above noted desirable
resulis and others which will hereinafter be

to which the transformer is connected may be
easily obtained in order to bring the fleld flux
into exact time phase with the current in the
armature to produce maximum torgue efficiency
for the motor at any desired speed.

40

45

50

Referring now to the drawings, and especially

to Figs. 1,2 and 3: ]
"In Fig. 1, I have shown a vector diagram of

-the electromotive forces of a three phase power

supply source as existing between the conductors
A, B and C. If a transformer is connected across
lines A and B, it is well known that between
the electrical center of the transformer winding
and the third line C, an électromotive force may

55




10

15

20

25

30

36

40

45

50

55

60

a5

70

75

2

the electromotive force across the line A, B. This
is known as the Scott transformer connection.

I have found that by connecting the field .

winding of the motor between some tap, as D,
Fig. 1, on the transformer and the line C, that
any desired phase relation between the electro-
motive force applied to the field winding and the
phase in the line A, B can be obtained.

A method of practically applying this discovery
and adjusting the phase relation between the
fleld flux and the working current in an alternat-

ing current shunt motor is shown in Fig. 2 which

diagrammadtically represents a two pole alternat-
ing current shunt motor and the associated ap-
paratus and connections for carrying out my
invention. The motor may be generally similar

"in construction to a direct current shunt motor

except that the field ring is laminated as well as
the armature core and the field ring carries two
stator windings placed as shown 90 electricai de-
grees apart, or in electrical quadrature. One of
these windings, 2, serves as the field winding for
the motor and the other, 3, as a main or trans-
former winding for the armature 4. It is there-
fore placed as usual with its axis coincident with
the axis of the winding on the armature. The
armature 4 is provided as shown with two brushes
in line with the axis of the main winding 3 and
these brushes may be short circuited as shown
and the working electromotive force induced in
the armature by transformer action from the
main stator winding 3. The cwrent may of
course be fed into the armature by direct con-
duction, but the method shown has the advan-
tage of avoiding the handling of heavy currents
at low voltage. It is desirable to keep the elec-
tromotive force of the armature as low as pos-
siblé because the turns short circuited under the
brushes are directly in line with the motor field
and as this is an alternating current field and
induces -anh electromotive forece in the short cir-
cuited armature turns it sets up a current in the
short circuited turns which increases the com-
mutation difficulties, particularly at low speeds,
and should therefore be kept as low as practical
by winding the armature with as few turns and
for as low a voltage as practical.

An auto-transformer 10 is connected across the
lines A, B of ohe phase of the three phase power
supply source. By providing this auto-transform-
er with taps and an adjustable contact §2, any
desired electromotive force may be applied to the
main stator winding 3 as a convenient means
to adjust the speed of the motor by controlling
the electromotive force induced in the short cir-
cuited armature. The auto-transformer-10 serves
as a convenient means of adjusting the phase re-
lation between the field winding 2 and the cur-
rent in the armature or working current by con-
necting the fleld winding 2 between a tap I4 on
transformer 10 and the third line, C, of the three
phase system. By moving this adjustable connec-
tion (4 up and down along the transformer wind-

ing, the phase angle of the field of the motor

may be adjusted to exactly coincide with the
actual working current in the armature and,
therefore, the torque of the motor is made a

maximum for any given current in the armat:re, -

The arrangement shown in Fig. 2 is such that
the speed of the motor .cannot be raised much
above the speed it would have as an induction
motor with the same number of poles.
chronous speed what mizht be termed a back
electromotive force is generated in the armature

At syn-

2,085,708
‘be obtained which is in 90° phase relation with

by the rotation of the armature conductors
through the field flux and this back electromotive
force is substantially equal to the maximum
electromotive force which can be induced in the
armature from the main field winding. As it is
the difference between this back electromotive
force and induced electromotive force which
causes the effective working current in the arma-
ture and the rotation thereof, it is evident that
a definite limit is placed upon the possible speed
of the motor.

Such speed limitation can be overcome by the
connection shown in Fig. 3, in which the trans-
former 20 is provided with a low voltage winding
22 and the working current directly conducted
into the armature winding through the brushes
by means of tap 23. In this way there is no
particular limii to the electromotive force which
can be applied to the armature and any desired
speed can be obtained. Speeds even higher than
the synchronous speed of a corresponding induc-
iion motor may be achieved, as well as sub-syn-
chronous speeds. With this connection the wind-
ing 3 hitherto called the main winding, can be to
advantage short circuited on itself as indicated
and thus be made to serve as a compensating
winding, reducing the effective reactance of the

" rotor winding and improving the performance of

the motor. The primary winding of the trans-
former 20 is connected at {9 and 21 to lines A, B
of a three phase source while the field winding
2 is connected between the tap (4 and the re-
maining line, C, of the source, as hereinbefore
explained with relation to Fig. 2.

It is possible to combine -the arrangement

shown in Figs. 2 and 3 as shown in Fig. 4, where’

a part of the working current is conducted into
the armature directly from the low voltage wind-
ing 32 of the transformer 30 from tap 33 and

" the balance of the working current in the arma-

ture 1 is caused to flow by the electromotive force

‘induced into-the winding from the main winding

3 connected to the primary of transformer 30, as
described in connection with Fig. 2. As hither-
to explained in connection with the arrange-
ment shown in Fig. 2, the winding 2 of the motor
is connected by means of tap i4 on the primary
windirig of transformer 30 to line C of a three
phase power source, while the primary is con-
nected at its terminals 28—31 between line A, B of
the same source.

The performance of my motor can perhaps
best be shown by means of the vector diagram,
Fig. 5. In this diagram the vector OEm repre-
sents the electromotive force applied to the main
stator winding 3 of the motor, as indicated in
Fig. 2, while the vector OEr represents the elec-
tromotive force applied to the field winding 2. As
explained in connection with Fig. 1, the phase

"angle between these two voltages is something

less than 90° because of the adjustment of tap
14 on transformer {8. I have found that in mo-
tors I have constructed in accordance with my
Invention, that this angle is approximately 83°

although, dependent upon design characteristics,”

it may vary from 70° to 85°. The electromotive
force Er applied to the field winding causes a
current Ior to flow in this winding. This current
lags behind the electromotive force Er by nearly
90° and sets up a field flux ¢r in phase with it.
The electromotive force Ex applied to the main
winding sets up a magnetizing current Iom which
also lags behind it nearly 90°. This electromotive
force Ex applied to the main winding, by trans-
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bhrough the armature winding This current Iz
has a component I equal and opposite to it, whlch
flows in the main winding.
‘The vector sum of the two currents I) and Toux
8 flows in the main winding, and this current ¥u
flowing through the main winding causes a volt-
‘age drop GEx at right angles to it due to the re-
actance of the stator winding, and a voltage GEx

in'phase with the current In due to the resistance

10 of .the main winding. The transformer flux of

the main winding generates in this main winding

an electromotive force OE: and an equal and

opposite electromotive force OEz in the rotor, as-

suming the transformer ratio between the two
" 15 windings as being equal to one.

The current Iz flowing through the armature
causes & voltage drop HE:z at right angles to the
phase of the current, due to the reactance of the
armature winding, and a voltage drop EH due

20 to the current flowing through the resistance of
the armature winding, this resistance drop be-
" ing in phase with the current. By rotation of the
- armature conductors through the field flux ¢r
an electromotive force represented by the vector

23 OE is generated in the armature. The motor will'

run at such speed that the vector sum of this

back electromotive force OE plus EH plus HE:2

is equal to the electromotive force OEa generated

in the armature winding by transformer action
30 from the main winding.

I have found by experiment that by adjusting

the phase angle of the field electromotive force Er -

as hitherto explained, that the phase angle of
the current I can be made to coincide precisely
35 with the phase angle of the flux ¢» or rather the
projection of the vector of this flux into the fourth

- quadrant, as shown ‘on the vector diagram, Pig. 5.
If the outer end of the vector OEr is made to

- move by adjusting the fleld return tap {4 on the

. 40 transformer 10 to the left as viewed in Fig. 2, it

is found that the current vector Tz will be rotated
in & clockwise direction, while the fleld flux vec-
tor will be rotated in a counterclockwise direc-
tion as viewed in the vector diagram throwing the

45 armature current and fleld flux out of phase and
reducing the torque of the motor. In a similar
manner, if the outer end of the electromotive
force vector Er is rotated in a clockwise direction
by moving the field return tap in the opposite

50 direction along the transformer, then the current
'vector Is will be rotated in a counter-clockwise
direction again throwing the working current and
fleld flux out of phase and reducing the torque

- of the motor.

88 It is therefore evident that by movinz the fleld
return tap on the transformer to the proper point
on the transformer, that the armature current
and the field flux can be brought precisely into

- phase and the torque efficiency of the motor

. 60 made a maximum Iorunycurrent in the arma-

ture winding.

- It will be apparent ‘from the foregoing that I
_ have produced s simple and effective alternating
. current shunt motor having maximum torque
¢5 efficiency and one in which the speed may be
_varied widely while the torque is maintained

at such maximum efficiency.
While I have shown and described, by w..y of
example only, one embodiment of my invention,
%0 it will be apparent that various changes may be
: -made therein without departing from the intend-

“ed scope and spirit of the invention. I do not,

3

therefore, desire to limit myself to the foregoing
except a3 may be pointed out in the appended
claims, in which I claim:

1. An alternating current shunt motor com-
prising, & stator, a rotor, a field winding and & § -
winding for producing a transformer flux, both of -
said windings being carried by said stator and po-
sitioned 90 electrical degrees from each other, a
‘short-circuited. rotor winding, a source of three

- phase current for energizing said windings, an an .10

auto-transformer connected across one of the
phases of said source, said field winding being
connected to another phase of said source through

. an adjustable connection with said auto-trans-

former whereby the phase angle of the flux pro- 15
duced by said field winding may be brought into
exact time phase with the- working current pro-
duced in sald rotor winding by said transformer
flux producing means to produce maximum
torque efficiency for said rotor and sald trans- 2p
former flux producing winding being likewise ad-.
Justably connected to-said auto-transformer for
varying the electromotive force applied to said

_ rotor winding to vary the speed of said motor.

. 2. An alternating current shunt motor com- 25
prising, a stator, a rotor, a field winding and a
winding for producing a transformer flux, both
carried by said stator and positioned 90 electrical
degrees from each other, a winding on said rotor,

& source of three phase current for energizing 30
sald windings, a transformer connected across’
one of the phases of sald source, said field winding
being connected to sald transformer and to an-
other phase of said source, means whereby said .
rotor winding may be energized from said trans- 3§
former only through said transformer flux pro-
ducing winding, said means including an adjust-
able connection with said transformer whereby
the electromotive force in said rotor winding may

be varied to vary the speed of said motor, and sald 4q
‘connection of said field winding to said trans--

" former being likewise adjustable to bring the

phase angle of the flux produced by said fleld
winding into exact time phase with the working
current in the rotor winding to produce maxlmum 45

_torque efficiency for said motor.

3. An alternating current shunt motor com-
prising, a stator, a rotor, a fleld winding and s
winding for producing a transformer flux, both
of said windings being carried by said stator and 50
‘positioned 90 electrical degrees from each other, -
& commutator associated with said rotor winding,
brushes associated with said commutator, means
for short-circuiting said brushes whereby said ‘
rotor winding is short-circuited through said 55
commutator and brushes, a source of three phase
current for energizing sald windings, a trans-
former connected across one of the phases of said
source, siid field winding being connectexd to an-
other phase of said source through an adjustable 60
connection with said transformer whereby the’
phase angle of 'the flux produced by said field
winding may be brought into exact {ime phase
with the working current produced in said rotor
winding. by said. transformer  flux producing
means to produce maximum torque efficiency for
said motor, and said transformer flux producing
winding being ukewue adjustably connected to .
said transformer whereby the electromotive force
&m)l!.edtmnldrotzorwmdintmn.ybevn.rletlt;o7
vary the speed of sald motor.

' MILLARD COLE SPENCER.
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