E. L, GALE, Sz.
CURRENT CONTROLLING APPARATUS.
APPLIOATION FILED JUNE 11, 1907,

1,120,708.. - Patented Dec. 15,1914,
| . _ ,

2 SHEETS~SHEERT 1,

N4
~N %
N .
Dy N -
s AN
+ S

Jumventor

Witnesses: G{IM[ Qéd/g,t?/b

e S e ™ O saenan.,
: ¢ Uiltozirey

et & S5 1 he




E. L. GALE, Sk,
CURRENT CORTROLLING APPARATUS,
APPLICATION FILED JUNE 11, 1907.

1,120,708. : Patented Dec. 15, 1914

2 SHEET8-B8HEET 2.
| B
— &
R
m .
i)
* N ‘ b
X :m (\\JN \% TQ
N

AN
AL

Fg2.
/C
7

Inventor

Witneoses : @AMK /éa/g, &
/Qmw ¥ /3%/ Bt CIN I iaaen

@t’cozueaﬂ




UNITED STATES PATENT OFFICE,

ERNEST L. GALE, SR., OF YONKERS, NEW YORK, ASSIGNOR TO OTIS ELEVATOR COM-
PANY, OF JERSEY CITY, NEW J ERSEY, A CORPORATION OF NEW JERSEY. '

CURRENT-CONTROLLING APPARATUS,

1,120,708,

Specification of Letters Patent,

Patented Dee. 15,1914,

~ Original application filed May 1, 1905, Serial No. 258,378, Divided and this appleation fled June 11, 1807,
) Serial No. 878,408, -

10

To all whom it may concern : ‘

Be it known that I, Ernest L. GarLg, Sr.,
a citizen of the United States, residing at
Yonkers, in the county of Westchester and
State of New York, ﬂave invented a new
and useful Improvement in Current-Con-
trolling Apparatus, of which the following
is a specification, :

My invention relates to apparatus for
controlling electric currents, and more par-
ticularly those used for starting and con-
trolling electric motors, but it should be

- understood that it may have a general
" application, : '
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. This application is & division of my co-
pending application, Serial No: 258,378,
filed May 1, 1905, for an improvement in
current controlling apparatus.

One of the.objects of my invention is the
provision of simple and efficient means for
starting-an electric motor. Another object
of my invention is the provision of an im-
proved and simplified constiuction for
starting and operating electric motors with
minimum consumption of current,

Gther objects of the invéntion will appear
hereinafter, ‘the novel combinations of ele-
ments being pointed out in the claims.

In the accompanying drawing Figure 1
illustrates diagrammatically the circuits and
connections of an electric motor and of my
invention applied thereto; Fig. 2 represents

‘2 modification.

L designates a translating device, which
in this Instance is shown as the armature
of a rotary electric motor.

4* designates one section of the starting
resistance and 9% another section of the
starting resistance, which is also the series
field which is placed in circuit when the mo.
tor is started in order to increase the torque.

The starting resistance is proportioned in
a well known way to prevent too much cur-
rent from ficwing through the motor while
the same is being accelerated. The mains
are designated by the signs - and —, and
are connected directly to the motor-arma-
ture and the switch lever 33, respectively, as
shown. The shunt field circuit 9 may be
connected to the positive main to the left of
the motor-armature and to the fxed comn.
tact 3P of the manual switch 34,

Connected between the resistance section
4% and the fixed contact 3° is a series feld

circuit 95, the latter being, therefore, in that

art of the main armature circuit extendin

etween the right-hand armature brush and
the negative main. In 5 controlling circuit
2 connected between the point 3 and the
fixed contact 3° are the solenoids 24 and 95,
The conductor 2 including the solenoids 24,
2% may be termed a controlling circuit in
parallel to the starting resistance when the
switch 84 is entirely closed, It should be
noted that the solenoids 2%, 2P are connected
in parallel with each other. Connected
across or in parallel with the controlling
cireuit is an extra field circuit 94, In this
instance this extra feld circuit is repre-
sented as connected between the peints 4 and
5, or in effect between the point 8 and the
fixed contact 8°.

5

60

86

70

As it is desirable to have the controlling

circuit closed before the main armature cir-
cuit is closed, the lever 35 is arranged to
make contact with the conductor 3¢ to which
the controlling cireuit is connected, before
said lever 8% comes into contact with the
fixed member 8P,
3% is moved to the position shown in the
iigure, the armature 1 will be placed in series
with the controlling circuit and the extra
tield circuit, the two latter being parallel to
each other. At the same time the shunt field
circuit 9 together with the series field 95 and
resistance 44, are connected between the
points 10 and 3 to the armature 1, If the
current were sufficient the armature would
start, but preferably the resistances of the
solenoids 24 and 28 are sufficiently great to
prevent the armature from receiving suffi-
cient current to permit the latter to start.
Normally the resistance-varying member
T* ig in its lowermost position in engagement
with the contacts 54 electrically connecting
them and short-circuiting the resistance 44,
Alse nermally the resistance-varying mem-
ber 72 electrically connects the contacts 58
and thus short-circuits the serivg field circuit
9% The resistance-varying members 74 and
7% are connected to the plungers or cores 84
and 8%, respectively, but insulated therefrom.
The weigh? of the cores is sufficient to secure
good elecirical connections, and to effect the
roturn of the resistance-varying members

. when the cores are released by their respec-

tive solenoids. The solenoids 24 and 2% are
mounted in proper position in any suitable
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mannér, and there may be only one of such
solenoids or there may be several, depending
upon the refinement desired in accelerating
" the motor to full speed. I prefer to ar-

5 range these solenoids so that they will be

effective in lifting their cores successively
and releasing them successively. In this jn-
" stance I have provided fixed supports 474,475,
for adjustable stop screws 464 and 467, re-

10 spectively, which project into the upper ends

of the solenoids 24 and 2° to limit .the up-
‘ward movements of the cores 84, 82, . In the
normal positions of the resistance-varying
members: 74 and 78, the core 8* will occupy

15 such a position relative to the solenoid 2*

that a greater force acts on said core 8* in
lifting it than the solenoid 2® exerts cn the
core 88, for a given strength of current.

)~ " The cores 8* and 88 will therefore be lifted

g0 successively. The same results may be ob-

tained in other ways, that just given being
merely by way of illustration. It is more
important, however, that the solenoids
_should release their cores successively, as in

25 some instances it is immaterial whether the

3

cores are. lifted successively or simultane-
ously so long as they are lifted before the
lever 3B closes the main armature circuit by
engaging the contact 3°. Whenever current

o flows through the solenoids 24, 25, the vari-

~ous magnetic parts will be energized, and
the tendency will be to lift the cores 8%, 88
until they respectively reach the stop screws
464, 465, “The stop screws determine the final

85 positions of the cores in the solenoids after

being energized, and this is a matter of ad-
justment. It is evident that this predeter-
mines the strength which is required to hold
the core in its upper position, and this deter-

40 mines the time at which the core will be

released and permitted to descend as the
current in the controlling circuit is grad-
ually reduced. It is of course understood
that the stop screws are of mon-magnetic

45 material.

‘When the cores 8* and 8® reach their lim-
iting positions, more of the core 8% will be
projected into the solenoid 27 than of the
core 8* into the solenoid 2. Therefore,

50 although the solenoid 24 will lift its core 8%

first, it will also release it first, as the cur-
rent in the controlling circuit gradually
diminishes.

The operation will now be fully explained.

55 Assuming that the mains have the proper

potential to effect the operation of the trans-

lating device 1, in this instance the motor-
armature, let -the switch lever 3% be moved
onto the fixed contact 3. At once the mo-

60 tor will receive current and this current will

pass in series through the armature and con-
trolling circuit. As heretofore stated, the
controlling circuit is preferably of high re-
sistance and the eurrent which passes

65 through it  will not be of sufficient strength
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to have any appreciable effect upon the mo-
tor-armature, but this does not limit me to
so proportioning the resistances of the sole-
noid windings 2%, 2%, that the motor-arma-
ture will not start at this time if it is so de-
sired. As soon as this controlling circuit is

thus closed to receive current, the resistance-

varying members 74 and 7% will be lifted
successively in the order mentioned; this is
done very quickly. At this time the shunt

70

7%

feld 9 and extra field 92 will be excited with -

current and so also the series field 97, but
the current through the latter at this time

will be comparatively small. Now wupon

further movement of the lever 37, the con-
tact 8P is engaged thereby to complete the
main armature circuit from the positive
main through the motor-armature, resist-
ance 44, series field circuit 97, contact 3°,
lever 3%, to the negative main. The. con-
trolling cireuit and the extra field circuit
will now each be connected in parallel to
the opposition partial circuit including the
resistance 4%, and series field 9°. The mo-
tor now starts with a very strong torque by
reason of the series field 9® and the extra
field 94  After the motor starts, and ifs
counter-electro-motive- force gradually in-

“creases to gradually decrease the current

flow through the resistance 4* and series
field 9B, the potential between the points 3
and 8° gradually diminishes, thereby grad-
ually weakening the current in the control-
ling circuit to cause the solenoid 2* to re-
lease its core 8* and permit the bridge piece
of contact-maker 7* to descend, although
still being acted upon by the weakened sole-
noid. The solenoid, howevér, is not of suffi-
cient strength to hold its core in its upper-
most position, and, therefore, the core will

the contact-member 7% again electrically
connects the contacts 5%, 5%, thereby short-
circuiting the resistance 44 This will al-
low the armature to receive greater poten-
tial at this time, and will, therefore, cause
its acceleration to a higher speed. This in
turn increases the counter-electro motive
force of the armature, and, therefore, a fur-
ther drop in potential between the points 3
and 3P until the current in the solenoid 2® is
no longer sufficient to hold its core 8° in its
uppermost position. The latter will, there-
fore, gradually descend as the current in the
controlling circuit gradually diminishes
until the contact-member 7% electrically con-
nects the contacts 57, when, not only will the
series field 9B be short-circuited, but also the
extra field 94 and the entire controlling cir-
cuit, including the solenoids 24 and 25. The
motor will now run to full speed and operate
as a shunt motor connected directly across
the mains, the only parts receiving current
of appreciable value being the motor-arma-
ture 1 and the shunt field circuit 9, the other
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electro - receptive elements having been
short-circuited or cut out. The controlling
cireuit, therefore, is itself controlled by the
varying potential across the starting resist-
ance. When the contact-makers bridge the
contacts 54 and 53, the controlling circuit
and the exira field are short-cireuited so
that the Iatter will take little if any current
while the motor is running as desired. It
is, therefore, seen that the starting resist-
ance is short-cireuited and the eurrent in
the controlling circuit and extra field circuit
is substantially eliminated. This T consider
a valuable feature of my invention. In
other words, it is the variation of potential
across the starting resistance that is utilized
to influence the controlling circuit and to
cause the same to actuate and velease means
for varying the armature resistance or other
current-opposing means.

It should be particularly noted that not
only is the current in the portion of the
main armature circuit including the motor-
armature varied by the gradual cutting out
step-by-step of the starting resistance, but
that the current in the controlling eircuit
itself is reduced gradually during the op-
eration of the apparatus heretofore de-
seribed; furthermore, that the magnets in
the controlling circuit receive maximum
current at the time they are ealled upon to
actuate their cores, and that this current is
gradually reduced to practically zero afier
soid magnets have performed their work.
When the switch lever 8® is moved onto the
fized contact 8%, the members 74, T8 are au-
tomatically lifted to insert the resistance 44
and the series field 9% in the main armature
cireuit normally opened at 3. Upon fur-
ther movement of the lever 8% onto the con-
tact 3% o effect the closure of the mair ar-
mature circuit, the controlling circunit, in-
cluding the solenoids 24 25, operate auto-
matically to successively release the mem-
bers 74, 73 to effect the gradual cutting out
of the resistance 4% and series field 0%, and
the acceleration of the motor ap 1o full
speed.  Because of this automutie operation
and the final éutting out of the solenoids
2%, 28 the magnets in the ‘controlling cir-
cuit may be made smaller than they other-
whole apparatus may
be made simpler and less expensive.

In Fig. 2 are shown adjustable screws
to limit the upward movement of the cores
8% and 8% so that they may be maintained
in different positions within the solenoids
2* and 2% In the present instance it is
immaterial in what order the contact-
makers 74, T8 are lifted, but it is desired
that the bridge piece 74 should be permitted
to descend before the bridge piece 7. The
core 8% being held by
lower position than the core 8% within its
solenoid 28, will be released ai s predeter-

comes less, and at

Wwith a retarded movement,

“have different tractive

the solenoid 24 at g -

mined valus of the current before the core
8%. In this manner, with g given value of
the controlling current which passes
through these solenoids, the retardation ef-
fect of the solenoids upon their cores will
be varied. Now as the potential between

70

the points 11, 12 decreases, the amount of

the controlling current’ consequently be-
a predetermined value
the solenoid 24 will no longer be able to
hold its-core in the uppermost position, and
the latter will, therefore, begin to descend
while the core 88 is still being retained in
its uppermost position. While the core 84
is descending, it is evident that the control-
ling cireuit still receives current, and, there-
fore, the solenoid 24 still exerts some force
on the core 84 while the latter is descend-
ing. Therefore, the core 8% will descend
As the poten:
tial diminishes still further, the core 88 will
also be permitted t6 descend. The time at
which these cores begin to descend may be
readily regulated by the adjustable stop
screws 46,

There are many specifically different ways
by which the successive or serial operation
of the electro-magnetic switches may be ef-
fected, for example, the solenoids them-
selves may be so formed or so wound as to
forces with the same
amount of current. That is, the solenoids
may be wound so as to have a different
number of ampere turns so that those hav-
ing the larger number of ampere turns will
retain their cores in uppermost position the
longer.

In Fig. 2 the solenoids 24 and 98 are ar-
ranged In series with each other, while in
Fig. 1 they are in parallel. The extra field
9% 1s omitted from Fig. 2, but the series field
9% is retained. In Fig. 1 a single switch
mechanism 384 ig employed, which at the
same time also takes the place of the usual
main line two-pole switch, if desired, for
connecting the source of current supply
to the motor circuits. In Fig. 2, two small
switches 8 and 10 are used, one for the
centrolling cireuit, and the other for the
main armature circuit. Normally the switch
10 1s open. If the main line switch is closed
or if the motor circuits are connected with
the source of current supply, and the switch
8 is closed, current will flow through the
armature 1 and the solenoids 24, 28, in se-
ries. Preferably these solenoids are of suffi-
cient resistance to prevent the armature
from starting at this time. When the cur-
rent this flows through the solenoids, the
lutter 1ift their cores so as to move the re-
sistance-varying members 72 and 7% from
the contacts 5%, 5%, and thus remove the cir-
cuits around the starting resistance 44 and
the series field circuit 9%, Upon the closure
oi the switch 10 the motor will start and
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accelerate to full speed in thé manner here-
tefore explained.

Asto Fig. 1, it will be seen that when the
motor is started up with the opposition ele-
ment in, the extra field 9* will be fully ener-
gized since it receives current depending
upon the potential across the starting re-

- sistance or between the points 3 and 5.
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During the operation of this system, this
potential gradually diminishes until it .is
practically negligible, and, therefore, the
current through this extra field 9* will die
out as the motor approaches full speed.
"The magnetic field coil of the motor may
be excited in any desired manner, and may
_comprise, for example, a shunt field coil
9 connected across the mains, as shown,
when the switch 34 is entirely closed. This
by itself will maintain the magnetic field at
its normal strength. - 'When the main cir-
cuit is closed to start the motor, the extra
field will increase the strength of the mag-
netic field due to the shunt coil 9, and when
the series field 9® is inserted, by the closure
of the main armature circuit, the strength
of the magnetic field will be still further in-
creased. This increase of the magnetic field
will have the effect of increasing the start-
ing torque of the motor, or make it possible
to have the same starting torque with less
consumption of current in the armature.
As the motor increases in speed this extra
field gradually diminishes in strength, and
the decrease in strength of the field assists
a2 gradual increase in speed of the motor,
because as the opposition or resistance is
reduced, the current in the extra field is
gradually or automatically reduced to prac-
tically zero. This,it will be noticed, is ac-
complished without any additional switches,
which is an advantage over present prac-
tice. With the arrangement shown in Fig.

© 1, substantially at the same time that the
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extra field circuit and the controlling cir-
cuit are short-circuited, the series field 9°
is short-circuited, after which the motor
runs as 2 simple shunt motor.

Obviously those skilled in the art may
make various changes in the details and
arrangement of parts without departing
from the spirit and scope of my invention,
and I desire, therefore, not to be limited
to the precise construction herein disclosed.

What I claim is:—

1. In motor controlling apparatus, the
combination with a motor armature and a
field circuit, of starting resistance, a con-
trolling circuit in parallel to the starting
resistance, an extra field circuit perma-
nently connected in parallel to said control-
ling circuit, and means operated by said
controlling circuit for cutting out said start-
ing resistance and said extra field circuit.

‘9. In motor controlling apparatus, the
combination with a motor armature and a

1,120,708

shunt field circuit, of starting resistance in
series with the said motor armature, a con-
trolling circuit, an extra field circuit in par-
allel with the said controlling circuit, a
switch for first connecting the motor arma-
ture in series with the extra field circuit and
in series with said controlling circuit and
thereafter closing the main armature circuit
including the motor armature and said start-
ing resistance, and means operated by the
controlling circuit for controlling said start-
ing- resistance. -

3. In motor-controlling apparatus, the
combination with a motor-armature, of a
shunt field circuit, a series field ‘winding,
starting resistance including said series field
winding, an extra field circuit, a controlling
circuit, said extra field circuit and control-
ling circuit being permanently connected in
parallel, and means operated by said- con-
trolling circuit for cutting out said resist-
ance, said series field and said extra field.

4. In motor-controlling apparatus, the

combination with a motor-armature, of a.

shunt field circuit, a series field winding,
starting resistance including said series
field winding, a controlling circuit, an ex-
tra field circuit in parallel with said con-
trolling circuit, and a switch for first con-
necting the motor-armature in series with
the extra field circuit and controlling circuit
and then .closing the main armature circuit
including the motor-armature and the said
starting resistances in series with each other,
and effecting the connection of the control-
ling circuit and extra field circuit in shunt
to the said starting resistance.

5. In current controlling apparatus, the
combination with a motor, of a field circuit
starting resistance, means for controlling
said starting resistance to vary the current
passing through said motor, a _controlling
circuit for operating the controlling means
and to eliminate the current passing
through itself, an extra field circuit per-
manently connected in parallel with the
controlling circuit, and a single switch
mechanism for first closing the controlling
circuit in series with the motor-armature
and then the main armature circuit includ-
ing the motor-armature and starting resist-
ance in series with each other, and control-
ling circuit across the starting resistance.

6. In motor controlling apparatus, the
combination with a motor armature, of chree
field windings, one being connected across
the mains, another in series with the motor
armature and the third as an extra field
also in series with the motor armature, a
controlling circuit in series with the motor
armature and in parallel with the extra
field winding at all times, starting resist-
ance comprising as one of its sections the
series field winding, and electro-maguetic
switches operated by said controlling circuit
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for initially inserting the starting resistance
and thereafter gradually cutting outthesame

-and also cutting out the controlling circuit

" itself and the extra field winding, only the

io

armature and shunt field winding taking
current at full speed, and a switch for first
establishing the circuit through the control-
ling circuit and extra field winding and
thereafter closing the main armature circuit
including the motor armature and the start-

. ing resistance comprising said series field
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winding. -

7. In motor controlling apparatus, the
combination with a motor, of starting re-
sistance therefor, a plurality of electro-mag-
nets in parallel with each other in a circuit
in parallel with the starting resistance, a
field winding permanently connected across
the terminals of the said electromagnets,

;means operated by said electro-magnets to
Jinsert the starting resistance and then grad-

ually cut out the same, and a switch for con-
trolling said electro-magnets to-be depend-
ent in their operation upon the potential
across the said starting resistance.

8. In motor controlling apparatus, the
combination with a motor armature and a
field circuit, of starting resistance in series
with the motor armature, a series of electro-
magnets in parallel with each ‘other and
each having a single winding, an extra field
permanently connected in parallel with said
electro-magnets, a switch for closing the
ciréuit including said electro-magnets and
for closing the main armature circuit in-

cluding the motor armature and said re-

sistance in series with each other, and means
operated by said electro-magnets for suc-
cessively cutting out said starting resistance.

9. The combination with an electric mo-

&

tor having an extra field winding, of staxi-
ing resistance for the motor, a series of elec-
tro-magnets in a circuit in series with the
motor armature permanently connecied in

parallel with said extra field winding, a
switch for connecting the controlling circuit

across the starting resistance and ciosing the
main armature civeuit, and means operated
by said electro-magnets for initially insert-
ing said starting resistance and then grad-
nally cutting out the same and also the con-
trolling circuit snd said extra field wind-
ing. :

g10. The combination with an electrie mo-
tor having an extra field winding in series
with the armature, of a controlling circuit
permanently in parallel with' said extra field
winding, starting resistance in series with
the armature, a switch for closing the con-.
trolling circuit, the extra field winding cir-
cuit and the main armature circuit, said
controlling circuit including a plurality of
electro-magnets: each having a single wind-
ing and a plunger movable within the same,
a plurality of electric switches one connect-
ed to each of said plungers and to sections
of said starting resistance, and means asso-
ciated with said electric switches to effect &
gradual cutting out of the starting resist-
ance and as the motor armature increases in
speed and the current in the controlling cir-
cuit decreases to substantially zero.

In testimony whereof, I have signed my
name to this specification in the presence of
two subscribing witnesses.

ERNEST L. GALE, Sz.
‘Witnesses: '

Avrrep C. BroHErT,
- Erxssr L. Garr, Jr.

Copies of tlﬂs patent may be obtained for five cents each, by addressing the “ Commissioner of Patents,
Washington, D. C.” :
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