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To all whom it may concermn:

Beit known that 1, ARNALDO P. ZANT, a sub-
ject of the King of Italy, residing at Milan,
Italy, have invented certain new and useful

5 Improvements in Controlling Induction-Mo-
tors, of which the following is a specification.

My invention relates to an arrangement for
starting induction-motors, and constitutes an
improvement over the arrangement disclosed

10 1In my prior application, filed August1l, 1899,
Serial No. 726,910. In said prior arrange-
ment the current induced in the secondary
member of the motor was caused to flow
through a circuit so organized that in start-

- 15 ing there would be a large consumption of

energy in the form of resistance loss, the cur-
rent lagging somewhat, due to the inductance

of the said circuit, while as the motor increased

in speed the effective resistance, as well as the

20 inductance of the circuit, would be automat-
ically decreased without change in the actual
circuit connections. In the arrangement dis-
closed in my prior application the circuit for
the induced member was provided with alter-
zy native paths, one of such paths having a high
ohmic resistance and little, if any, self-induc-
tion and the other having an almost negligi-
ble resistance, but a comparatively high self-
induction. In starting a motor with such an

30 arrangement a large proportion of the current
generated in the induced member will at first
low through the high-resistance path, for the
reason that at the time of starting the react-
ance of the path having the high self-induc-

35 tion is very great, (due to the high fre-
quency of the currents generated in the in-
duced member at this time.) The result ob-
tained at starting is therefore nearly the same

as though the high-resistance path were the

40 only one connected to the winding of the in-
duced member. As the speed of the motor
rises, however, the frequency of the currents
lowing 1n the induced windings of the motor
becomes lower and lower, thus correspond-

45 ingly reducing the reactance due to self-induc-
tion in the inductive path, and more and more
current flows through this path until, finally,
when the speed of the motor approaches nor-
mal the impedance of the inductive path. be-

therein will be small.

comes so small (due to the fact that the fre-
quency of the currents flowing in the induced
member is now very low) that nearly all the
current generated will flow through the low-
resistanceinductive path. If desirable, I may
as the motor approaches full speed still fur-
ther reduce the reactance of the inductive
path by reducing its coeflicient of self-induc-
tion in any suitable manner, as by increasing

the reluctance of its magnetic circuit.

By the arrangement above described 1 have
been enabled to obtain without changing the
circuit connections of the secondary member
of an induction-motor and without changing
the actual resistance in circuit therewith a
large resistance loss at starting, while at full
speed the resistance loss is very small, so that
by this construction I have been enabled to
start an induction-motor with a large torque
and without excessive current consumptlon.
I have now found that I may obtain substan-
tially the same results with but a single path
in the circuit of the induced or secondary
member. In my new arrangement I so or-
ganize this single path that it will combine the
effects of the inductive and non-inductive paths
above described, giving at starting the effect
of a circuit containing a high resistance with
a small self-induction, and therefore securing

a large consumption of energy with a slightly-

laggoing current and at full speed operating as

a low-resistance path with a small reactance.
I accomplish this result by making the circuit
through which the induced currentflows a low-
resistance winding, constituting, in effect, the
primary of a transformer having a low-resist-
ance secondary. At the moment of starting
when the frequency of the current induced in
the secondary member of the motor 1s at a
maximum there will be a large consumption
of energy in the transformer with a slightly-
lagging currentin the primary, due to the in-
ductance that 1s necessarily present in such a
device; but when the motor has obtained its
normal speed the frequency of the current
oenerated in the induced member of the motor

will be so low that both the inductance of the

transformer and the consumption of energy
Both of these quan-
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tities may be still further reduced by so con-
structing the transformer that the reluctance
of 1ts magnetic circuit will be materially in-
creased as the motor rises in speed, the con-
struction for accomplishing this result being
similar to that sugeested in my prior appli-
catlon for reducing the self-induction of the
winding constituting the inductive path.

My invention will be better understood by
reference to the following description, taken
1n connection with the accompanving draw-
1ngs, while its scope will be pointed out inthe
appended claims.

In the drawings, Figure 1 indicates dia-
grammatically an embodiment of my inven-
tion. Figs. 2 and 3 show the- general con-
struction of the transformer whose primary
winding constitutes the circuit through which
the current induced in the secondary member
of the motor flows. Fig. 4 shows in end ele-
vation the secondary or induced member of
an Induction-motor constructed according to
my invention. Ifig. 5 is a cross-section 3,10110‘
the line 5 5 of Tig. 4, and Fig. 6 illustrates a
modified transformer constr uction.

As illustrated in the drawings, my inven-
tion 1s appied to a three-phase motor.

In Ifig. 1, @ b ¢ indicate the mains of a
three- ph ASe Systum supplied with carrent from
any suitable source, A the primary or induc-
Ing winding of an induction- -motor, and B the
induced Winding of the said motor. C is the
transtormer whose primary winding consti-
tutes the single path through which the cur-
rent generated in the induced winding of the
motor flows. The primary winding comprises
three coils or windings ¢, each connected at one
end to one of the induced windings of the
motor and at the other end to a common ring
connection ¢. The transtormer C may evi-
dently be placed in any desired pOSltIOH rela-
tive to the motor structure; but in order to
avoid the use of collector-rings when the in-
duced member is the rotating “member and in
orcer that the entire apparatus may be com-
bined in the single structure it will be found
advisable to mount it on the motor itself.
The transformer may be provided with an un-
changeable magnetic circuit; but for reasons
already explained it is desirable that this cir-
cuit be opened when the motor reaches full
speed. In the preferred embodiment of my
invention, therefore, the induced member of
the motor is made the rotating member and the
transformer, suitably constructed so that its
magnetic circuit will be opened by the action
of centrifugal force, 1s mounted thereon.

The transformer construction indicated in
Fig. 1 and shown more clearly in Figs. 2 and
3 comprises a core f, having pr Ojec,tmo por-
tions around which the coils of the primary
winding ar 5 wound surrounded by three cores
¢y ¢’y and ¢, which normally completely close
the 111.:10 netic cir cults of the pr imary winding.

65 As is mdlcated in Figs. 1 to 3, inclusive, the
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transformer is mounted upon a

may be the shaft ot the motor itself. 1_11 Ifig.
3 the members ¢ to ¢, inclusive, are shown
separated from the member f, and in the pre-

ferred embodiment of my invention when the
motor has reached normal speed the elements
of the magnetic circuit of the transformer are
1)0%1t10ned as 1s shown in this figure.

Figs. 4 and 5 show the actual construction
of the tr ansformer and its mounting with re-
lation to the motor structure. In these figures
1 represents the induced member of the in-
duction-motor mounted upon a shaft S. The
member is of the usual construction, compris-
g a spider &', supporting a laminated cor e L,
throu oh the slots of which the windings ¢ are
wound. In the construction shown a ﬂanwd
portion D, bolted to the end of the spider, op-

erates to buppmt the overhanging ends of the
windings. The transformer (/ is mounted on
the shatt adjacent to the spider and with its
movable members within the overhanging
portion ot Lhe flange D. Theelement # of the
transformer is LL:} ed to the motor-shaft and is
of the same general shape as the correspond-
ing member indicated in FFigs. 1t0 3. Inthe
middle of each of the radially-projecting por-
tions of this element # are mounted two pins
/v /v, and these pins project into corres pmul-
ing openings in each of the members ¢ ¢ ¢,
thelebv constituting means for guiding said
membms in their movement. The members
¢ ¢ ¢ aremaintained normally in the position
ShOW]Zl in ¥ig. 4 by means of the spring mem-
bers s, their inner ends resting against the

.;1dmlly -projecting portions of the core £ and
their outer ends resting against one another.
Before the motor reaches full speed, however,
the movable members of the transformer are
thrown outwardly by centrifugal force against
the tension of the spring members, and at
full speed the outer surfaces of the several
movable members rest against the inner pe-
riphery of the flange D, thus opening to its
widest extent the mag 11(_,131@ circult of the trans-
former. The pins /s,, as well as the flange D,
are preferably constructed of non-magnetic
material in order that the magnetic circuitmay
have as high a reluctance as possible when the
movable members of the transtormer are in
their extreme positions. The windings d, con-
stituting the primary of the transformer, are
mounted upon the projecting portions of the
core f and rest against shoulders on said
core.
agalnst centri

fougal force,a clamp 4 1s provided
on one side, while on the other side one end
of each of the coils is riveted to a ring ¢, con-
stituting a common connection for the ends of
the three coils.
tened 1n position, so that its projecting ends
project over the outer sides of the coils .

The coils are, as is shown in cross-section in
Kig. 5, wound with a few turns of heavy strip-
- copper concuctor, and the other ends of the

a shaft, which

In order to maintain them in position

The clamp 4 1s suitably fas-
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colls are connected, by means of leads 4, to
proper points 1n the WlIldlIl‘J‘ on the induced
member. |

In order that the dewce C may operate as a
transformer, 1t 1s evidently necessary that a
secondary circuit or circults be provided in
inductive relation to the primary winding. 1T
have found, however, that if the members
constituting the magnetic circuit of the trans-
former are massive in construction and made
of suitable material, unlaminated, distinct
seconclary windings are not required. The
masses of magnetic material afford low-resist-
ance conducting paths for eddy-currents setup
therein, and these eddy-currents constitute the
secondary currents of the transformer. For
the magnetic circuit of the transformer I pref-
erably use soft steel. When thus constructed,
the transformer will have, in effect, a short-cir-
cuited secondary, even though it is not pro-

vided with a distinct Secondaly winding, and

in embodying my invention in practical form
I prefer to use a massive unlaminated core

~or cores for the magnetic circuit of the trans-

30
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former, although a distinet secondary winding -

may be used, if desired. When the motor is
starting, the frequency of the current induced
in the secondary member of the motor is at a
maximum and at the moment of starting is
equal to the frequency of the current in the
primary circuit of the motor. At this time
the members of the transformer-core are in
the position shown in the drawings, so that the

reluctance of the magnetic circuit is low and

the flux through the transformer-cores very
large. Whenever the frequency of the cur-
rent 1n the primary winding ¢ is very high,

the resistance losses in the sha,pe of eddy-cur-

rents in the mass of the transformer-cores
will be large. The effect on the motor at

. starting will be, therefore, nearly the same
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as if a large resistance were connected in cir-
cuit with the leads 2 in place of the winding

of the transformer C. As the motor risesin |

speed the frequency of the current generated
in the secondary member falls, the amount
of energy dissipated in eddy-currents in the
transformer-cores is reduced, and, finally,
when the motor has reached its full qpeed the
trequency of the current in the winding is
so low that the eddy-current losses are very
small. At the same time as the motor rises
in speed the magnetic circuit of the trans-
tormer is opened, thus reducing the magnetic
flux and tending to still further reduce the
losses in the transformer-cores.

While I have shown in Figs. 4 and 5 a trans-
former having nodistinct secondary windings,
1t 18 ewdently within the scope of my inven-
tion to use a transformer having both primary
and secondary windings, and such a construc-
tion I have indicated in Flo' 6 of the drawings,
in which represents, as before one of the
colls of the primary winding and 7 a copper
band constituting a short-circuited winding

self-induction.

| ing its inductance.

interposed between the primary winding and
the cores. When such a short-circuited wind-
ing 1s used,the cores may be laminated in place
of the old solid constructmn shown 1n the
drawings.

AlthOLwll I have termed the device C a

transformer ” 1 do not intend by such term to
convey the 1dea, that such device is without
n. I have used thisterm for the
reason that 1t is due to the transformer action
that the device is operative for the purposes
of my invention.

In order to obtain a hw'h-startmcr torque in
an induction-motor, it is necessary that the

effective resistance of the secondary member

be 1ncreased without correspondingly increas-
The device which I have
termed a ‘‘transformer” serves to increase
both the inductance and the effective resistance
of thesecondary member; butitis soconstruct-

ed that the former action is minimized and the

latter increased as much as possible. More-

over, the inductance1s proportional to the first

power of the frequency in the circuit of the

secondary member, while the effective resist-

ance, or at least the part of it due to eddy-
currents, 1s proportional to the second power
of the frequency. At the moment of starting,
when the frequency of the currents in thesec-
ondary member is high, the resistance effect
of the transformer predominates, so that the
starting torqueisincreased. Asthemotorrises
in speed the frequency of currents generated
in the secondary member falls, and therefore
the impedance of the transformer is reduced.

3.
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The impedance 1s still further decreased by

the separating of the magnetic cores consti-

tuting the magnetic circuit. In the operation

of the transformer there are present hystere-
sis losses, as well as losses due to eddy-cur-
rents. The losses due to hysteresis are also
resistance losses and are proportional to the
first power of the frequency of the currents
in the induced member. The presence: of
hysteresis operates to make the resistance
losses fall off more gradually, and therefore
renders the starting of the motor more uni-
form.

The transformer construction 111ustrated in
Figs. 4 and 5 of my present invention may be
used for the inductive path in the arrange-

‘ment deseribed in my application Serial No.

726,910, and I therefore aim in this applica-
tion to cover such construction however used.

Although I have illustrated my invention
as applied to a three-phase motor, it is evi-
dent that 1t is applicable to any induction-

‘motor 1rrespective of the number of phases,

and although I have described a construction
which is suitable for carrying out my inven-
tion I desire it to be understood that I am
not limited to the particular structure shown
and described, but that material changes may
be made without departing from the spirit
and scope of my mventlon
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What I claim as new, and desire to secure
by Letters Patent of the United States, 15—

1. Means for starting an induction-motor,
consisting of adevice, in circuit with the wind-
ing on the induced member of said motor,
having a winding constituting a single path
for the current induced in said motor-wind-
ing, said device comprising a coil or coils sur-
rounding massive cores of magnetic material,
and means for reducing the self-induction of
sald device as the speed of the motor increases.

9. Means for starting an induction-motor,
consisting of a device, in circuit with the wind-
ing on the induced member of said motor, hav-
ing a winding constituting a single path for
the currents induced In said motor-winding,
said device comprising a coil or coils sur-
rounding massive cores of magnetic material,
and means for increasing the reluctance of the
magnetic circult through sald cores as the
speed of the motor increases.

3. Inastartingdevice forinduction-motors,
a core of magnetic material mounted on the
shaft of said motor, a plurality of movable
cores, means normally maintaining sald mov-
able cores in contact with one another and with
the core on the shaft, and a winding surround-
ing said cores.

4. Inastarting deviceforinduction-motors,

a core of magnetic material mounted on the

shaft of sald motor, a plurality of movable
cores, means normally maintaining sald mov-

755,829

able cores 1n contact with one another and
with the core on the shaft, means limiting the

outward movement of said movable cores, and 35

a winding surrounding the cores.
5. In combination with an induction-motor,
a means for increasing the effective resistance

of the secondary member at starting, consist-

ing of a transformer in circuit with the wind-
ing of the secondary member, said transtormer
having a short-circuited secondary.

6. In combination with an induction-motor,
means for increasing the effective resistance
of the secondary member at starting, consist-
ing of a transformer in circuit with the wind-

1ng of the secondary member, and means con- -

40

trolled by the speed of the motor, for redue-

ing the self-induction of said transformer.
7. In combination with an induction-motor,
means for increasing the etfective resistance
of the secondary member at starting, consist-
ing of a transformer in circuit with the wind-
ing of the secondary member, and means for
increasing the reluctance of the magnetic cir-
cuit of the transformer as the speed of the

motor 1ncreases.

In witness whereof 1 have hereunto set my
hand this 28th day of June, 1900.

ARNALDO P. ZANI

Witnesses: |
Brnsamin B. Huor,
Maup R. May.
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