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MIOTOR CONTROL.

SFECIFICATION forming part of Letters Patent No. 793,768, dated July 4, 1905.
.Application filed December 8, 1903, Serial No. 184,258,

To all whonv it My concerw:

Be it known that I, EuceNE R. CARICHOFF,
a citizen of the United States, residing at Kast
Orange, in the county of lissex and State of
New Jersey, have invented new and nseful im-
provements in Motor Control, of which the
following is a specification. |

My invention relates to a system of motor
control: and it consists in the novel arrange-
ment of apparatus and circuits fully explained
in the following specification and specifically
pointed out in claims. '

Referring to the drawings, Figure 1 1S &
wiring diagram and parts of certain appara-
tus embodying my invention in a simple form.
Fig. 2 is a more complete diagram showing
my invention and including a reversing-switch
and other apparatus. |

Similar ficures of reference indicate corre-
sponding parts in both of the fioures.

10 represents the motor-armature, and 11
the shunt-field, of the motor.

00 is a main-line or double-acting circuit-

closing switch. - Its contacts 21 and 22 are
connected, respectively, to the positive and
negative mains from a source of electrical
supply indicated by -+ and —. The contact
03 of this main switch is connected to the se-
ries fields 12 of the motor, and the contact 24
is connected to the motor-armature. The con-
tacts 27 and 28 are also connected to the se-
ries fields 12 and the motor-armature, respec-
tively. The contact 25 1s connected to the
top of the starting resistance-coils 32 and to
the armature, and the contact 26 1s connect-
ed to the bottom of the starting resistance-
coils 32. | |

30 is a device for automatically controlling
the resistance in the armature -circuit and

40 comprises stationary contacts 51, 34, and 35

45

and brushes 83, provided with means for mov-
ing the brushes over the contacts. |

11 is the shunt-field of the motor and 1s con-

nected to the contacts 23 and 24.

49 and 43 are movable contacts attached to
the rod 41, but insulated from it. When these
movable contacts 42 and 43 are down, they

bridge the stationary contacts 23 9 and 26 |

-

98, respectively, and when they are raised by
the rod 41 they bridge the stationary contacts
01 93 and 22 24.. respectively.

So far this description applies to both fig-
ures. Referring now to Fig. 2, I will describe
the additional features shown therein. 50
represents a manually - operated switch, in
which 56 is a movable contact, which can be
operated by the insulated handle 51 to make
electrical contact with the stationary contact-
noints 52 and 54 or 53 and 55. 59/, 53/, b4,
and 55 are cut-out switches the purpose of
which will be shown later. The main-line
switch has already been described. Kig. 2,
however, shows the following additional fea-
tures: the small contacts 44 and 45 and the
coil 40. The small contacts 44 and 45 are
adapted to be connected, respectively, to the
positive and negative mains by the movable
contacts 42 and 43 when the latter are in their
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raised positions. 40 is the coil of a solenoid, -

and the rod 41 is the core of this solenoid.
When the coil 40 is energized by an electric
current passing through it, it will attract the
rod 41 and raise it until the movable contacts
49 and 43 bridee the stationary contacts 21
93 92 94. as above described. The resistance-
controlling device 30 has also been described;
but Fig. 2 shows several additional features.
37 is the coil of a solenoid, and 36 1s 1ts core.
The brushes 33 are attached to this core, and
when the coil 37 is energized these brushes
will be moved up over the stationary contacts
31, 84, and 35. 1t is usual to provide some

70

75

30

retarding device for the core 36, so that 1ts

movement will not be too rapid—as, for ex-
agmple, by making the core a close fit 1n the
spool of the solenoid and closing the end of
the spool. This is not shown on the draw-
ings, as 1t constitutes no part of the present
‘nvention and would only tend to complicate

the drawings. The small stationary contacts

61 and 62 are placed under the resistance-con-
trolling device and are connected by the bridg-
ing-piece 60, which is attached to the solenoid
38 when the latter is down, but are discon-
nected as soon as the core begins to rise.
Above the resistance-controlling device 30 are
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four small stationary contacts 64., 65, 67, and
68. T'he lower ones, 64 and 65, are connected
by the resistance 66 and when the core 3¢ 1S
down are connected by the bridging-piece 63.
When the core 36 approaches the upper limit
of its travel, it strikes the stem 69 of the
bridging-piece 63 and raises it from the con-
tacts 64 and 65 and pushes it up against the
contacts 67and 68, thus connecting them élec-

trically. 70 is a reversing-switch of novel
arrangement. 71 and 72 aresolenoid-coils for

drawing the core 73 to the left or richt. The
core 73 carries a cross-arm 7 4, to which are
attached brushes 75 76 7778. These brushes
are each made in two parts pivoted, as shown,
and pushed apart by the springs 5, 76", 77,
and 78", These brushes bear against and are
in electrical contact with stationary contact-
pieces 81, 82, 83, 84, 81', 81", 82, 82", 83,
83", 84', and 84”. 90 isasolenoid-coil arranged

when it is energized to lift a core 91 and 2 con-.

tact 92, which bridges the stationary contacts
93and 94 when itis down. These contacts are
also connected by a resistance 95. 100 is axn-
other solenoid arranged when energized to lift
a core 101, to which is attached a brake-shoe
102, which 1s adapted and arranged to coact
with the motor-armature to stop the latter ro-
tating when the brake-shoe is not raised by
the solenoid 100. This brake arrangement is
actually placed near the motor-armature, but
In the diagram is shown where it is for the
sake of simplifying the drawings.

Referring again to Fig. 1, 1 will trace the
circuitsand describe the operation of the parts
shown therein. When the main-line switch
1s closed by the rod 41 being pulled up, two
circuits are closed-—one through the shunt-
field and one through the series fields and ar-
mature. The shunt-field cireuit is closed di-
rectly across the mains at the stationary con-
tacts 21 and 23, which will now be bridged by
the movable contact 42, and at the stationary
contacts 20 and 28, bridged by the movable
contact 43, Theshuant-field 11 is directly con-
nected to the contacts 23 and 28 by the con-
ductors 23" and 28'. I will now trace the ar-
mature-circuit. The positive main is connect-
ed from the stationary contact 91 through the
movable contact 42 to 23. Thence the cjr-
cult goes through a conductor 82' to the se-
ries fields 12, through them, and through the
contact 35, brushes 33, and resistance-coils
52 to the left-hand side of the armature 10.
The other side of the armature is connected
to the stationary contact 24, which is now con-
nected to the negative main by contacts 43 and
22. "T'hus the armature 10 is connected to
the mains through the series fields 19 and the
resistance-coils 32 and will begin to rotate.
Now as the brushes 33 are moved up over
the contacts 35, 31, and 34 the resistance-coils
will be cut out of circuit step by step and so
will the series fields, thus increasing the speed
of the armature rotation, and when the brushes
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have reached the upper limit of their travel
the armature will be connected directly across
the main line and will have attained its full
speed. This, then, is the operation for start-
ing the motor. When it is desired to stop the
motor, the rod 41 is dropped, and the movable
contacts 42 43 now bridge the stationary con-
tacts 25 27 and 26 28, respectively. The ro-
tation of the armature will generate an elec-
tromotive force which will supply an enerylz-
ing-current to the shunt-fields. The diagram
shows that the right-hand side of the motor-
armature 10 i1s now connected to the right-
hand side of the shunt-field 11 by the conduc-
tor 28" and that the left-hand side of the ar-
mature 1s connected to the left-hand side of
the shunt-field by the conductor 25’. the con-
tacts 25, 42, and 27, and the conductor 23
At the same time another path for the arma-
ture-current 1s established through the resist-
ance-colls 32, as the upper of these coils is
connected to the left-hand side of the arma-

ture and the lower of these coils is to the

right-hand side of the armature throneh the
conductor 26" and the contacts 26, 43, and 98.
The left-hand side of the armature is also con-
nected to the upper side of the series fields 192

by the conductor 25, the contacts 25. 49, and

27, and the conductor 23’. The brushes 33 I
have described as at the upper limit of their
travel. While in this position all of the re-
sistance-coils 32 are in series with the motor-
armature when the movable contacts 42 48 of
the main-line switeh are cdown, so that the
amount of current generated by the armature
will be comparatively small. This will produce
a braking effect and tend to stop the armature
rotating. As the brushes 33 move downward
the series fields are put into the armature-cir-
cult and the resistance-coils 32 short-circuited
through the series fields step by step.  This
will have a tendency to increase the current
which is being generated by the armature, and
thus increase its braking effect. When the
brushes 33 have reached the lower limit of
their travel, all the resistance-coils 82 have
been short-circuited, and the armature itselt
1s short- circuited throueh the series fields
alone. While this short-circuiting of the re-
sistance-coils is taking place the armature is
slowing down and so generating less and less
electromotive force until it comes to rest, In
this way an easy and graduaal stopping of the
motor is accomplished, using for this pur pose
the same resistances and the same apparatus
which was used for starting the motor. From
this operation it is apparent that the cirenit
of the shunt-field is not broken abruptly: but
its current-supply is kept up by the rotation
of the armature and gradually dies down as
the armature slows down. In this way the
high disruptive discharge, which is usually
present when the circuit of a shunt-field of a
motor 1s broken, is obviated. The current

| generated by the rotation of the motor-arma-
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ture will low in the same direction through |

the shunt and series fields as it did when thev
recelved their current from the line.

I will now describe the function and opera-
tion of the additional features shown in Fig.
2. The reversing-switch 70 is of novel con-
struction. Itisa magnetlc reversing-switch,
but 1s so arranged that its cpemtmc'-current
1s used but mcmentarllv and 1s then cut off
automatically. The core73is placed in a hori-
zontal position, so that after it has been drawn
to one side or the other by the solenoid-coils
71 or 72 it has no tendency to move until it
1s drawn to the opposite side by the other so-
lenoid-coil. As shown in Fig. 2, it has been
drawn over to the right. It it 1s desired to
move it over to the left the movable contact

56 of the manually - cperated switch 50 is

brought into contact with contact-point 53.
The positive main is directly connected to this
movable contact 56, and now a circuit will be
established thrcuwh contact-point 53, cut-out
switch 53’. stahcnawccntacb-pwce 89, brushes
76, contact-piece 82" , solenoid-coil 71 con-
tacts 61, 60, and 62 to the negative main.
This Wl]l cause the solenoid-coil 71 to be ener-

gized, and it will draw the core 73 and the

brushes 75,76, 77, and T8 over to the left.  As
soon as the brushes 76 have moved off from
contact 82" the circuit through solenoid-coil
71 will be broken; but at the same time the
brushes will esta,bhsh another circuit through
contact 82" through solenoid-coil 40 of the
main-line switch, fcr this solenoid-coil 40 is
connected to the contact 82" and to the nega-
tive main through contacts 61, 60, and 62. A
current will then flow throucrb the solenoid

40, which will attract its core 4:1 and raise the

mam—hne switch. When this has been done,
another path for the current from the POsi-
tive maln through solenoid 40 has been estab-
lished through thc resistance 46 and the small
contact 45 to the negative main by the mov-
able contact 43. The main-line switch may
be dropped by bringing the movable contact

back to the center or bV opening the cut-out

switch 53", The raising and lowering of the
main-line switch 20 starts or stops the motor,

as has been described. The motor may be
started, stopped, and started agaln in the same
direction mdeﬁmtelv without moving the re-
versing-switch 70; but if it is desired to start
the motor rctatmcr in the opposite direction
the movable contact 56 is brought into contact
with 52, and a circuit is therebv established
thr cuﬂfh cut-out switch 52', contact 84, brush
78, contact 84/, solcncld—ccll 72, contacts 61,

60, and 62 to t;he negative main. This Wlll
cause the core 73 and its connected brushes to

‘move to the right, and this movement in turn

will cause the circuit through the solenoid-coil
72 to be broken and another circult thrcueh
solenoid-coil 40 to be established i 1IN & manner
similar to that already descrlbed The opera-
tion of the main-line switch in startmfr and

with Fig. 1.
now the positive main after passing through

tion.
it causes the small contact 44 to be connected

3 1

stopping the motor was described in connection

It is the same in this case, only

the resistance-controlling device 30is ccnnect—
ed to contacts 81" and 88’ and the negative
main is connected to contacts 83" and 81’ If the
reversing-switch is in its right-hand position,

its brushes 75 connect the positive main at 81’
to contact 81, and thus to the upper side of the

armature, and its brushes 77 connect the nega-

tive main at 83" to contact 83, and thus to the
lower side of the armature. This will cause
the latter to rotate in one direction. If the
reversing-switch is in its left-hand position,
its brushes 77 connect the positive main at 33’

to contact 83, and thus to the lower side of

the armature and 1ts brushes 75 connect the

| negative main at 81’ to contact 81, and thus

to the upper side of the armature. This will
cause the latter to rotate in the opposite direc-
When the main-line switch 20 is raised,

to the positive main through the movable con-
tact 42. 'This small contact 44 is connected to
the solenoid-coil 87 through the contacts 64,63,

and 65. The other side of the Sclenmd coil 37
1s connected to the negative main by the con-
ductor 22’. Thus the solenoid-coil 87 will be-
come energlized whenever the main-line switch
1s raised. This will attract the core 86 and

“cause the upward movement of the brushes

33. In addition to the operation of this re-

‘sistance - controlling device 30, already de-

seribed, it will raise the bndcrmcr plece 60
from the contacts 61 and 62, and so break one
of the paths of the current thrcua'h solenoid-
coll 40. The other path for thls current

through the resistance 46 remains so that the

sclencld continues to get current, but it is

reduced by the reSIStancc 46. This is a de-

sirable feature, as less current Is required to
maintain the main-line switch in its raised po-
sition than is required to raise it in the first
place.
while the contacts 61 and 62 are disconnected,
1t cannot be raised again until these ccntects
61 and 62 are ccnnected because the path of
the circuit from the car-switch to the solen-
oid-coil 40 must pass from 61 to 62 through
the bridging-piece 60. This insures the re-
sistance-coils 32 all being in the armature-cir-
cuit when the latter is closed - When the core
36 nears the upper limit of its travel, 1t en-
gages the stem 69 of the brldo*mﬂ*-plece 63,
htts 1t from the contacts 64 and 65, and pushes
it up against the contacts 67 and 68. When
the contact between 64 and 65 is thus broken,
the current no longer passes directly from the
positive main to the solenoid- coil 37, but it
will flow to solenoid-coil 37 through the re-
sistance 66. This will reduce it in amount:
but, as explelned in the case of seclenoid 40
lees current is needed to hold the core up than

‘was required to pull it up. The circuit tc the
brake solenoid-coil 100 is closed at 44 and 45
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If the main-line switch 20 is dropped
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when the main-line switeh is raised. This cir-
cuit also passes through the contacts 64 65 and
their bridging-piece 63 when the latter is down
or through the resistance 64 whenitisup. This
solenoid-coil 100 lifts its core 101 and releases
the brake-shoe 102, which, as has been ex-
plained, 1s adapted and arranged to coact with
the motor-armature. This brake is not neces-
sary with this system of motor control; but it
may be used, if desired, and 1f it 1s used it may
be connected in the way just described. The
device shown at 90-95 1s a high-speed ar-
rangement. 1t comprises a solenoid-coil 90
so arranged that when not energized it is
down and short-circuits a resistance 95. The
shunt field-cireuit passes through this contact
92 when 1t 1s down; but when it 1s raised the
resistance 95 i1s inserted into the shunt field-
circuit, thus weakening it and causing the mo-
tor to run faster. The circuit through the
solenoid-coll 90 1s completed by moving the
movable contact 56 of the manually-operated
switch onto contact-points 54 or 55, provided
the cut-out switches 54" and 55" are closed and
the contacts 67 and 68 are bridged by the
brideing - plece 63. 'This only occurs when
the core 36 is at the upper limit of its travel,
so that 1t is not possible to speed the motor
by weakening its shunt-field until all the re-
sistance-colls and the series fields have been
cut out of the armature-circuit. The resist-
ance 99 may be again short-circuited when-
everitisdesired to runthe motorslower again.

The double-acting circuit-closer above de-
scribed has no Intermediate position. When
1t 1s raised, power 1s applied to the motor.
When it is down, 1t has a braking effect upon
the motor. Thismakes it particularly adapt-
able to elevator service, as the usual arrange-
ments for elevators always have the power
on ot the brake on the motor. This system
is also particularly adaptable to elevator serv-
ice on account ot i1ts simplicity and the easy
and gradual stop and start which it gives to
the motor. When 1t 1s used for this or simi-
lar purposes, the automatic cut-out switches
52", 53", b4, and 55" may be provided. These
are operated by the motor when it has run a
predetermined number of revolutions—as, for
example, when 1t has driven an elevator-car
to the ends of its travel. First, one of the
cut-out switches 54" or 55" is opened. This
will eause the solenoid 90 to be deénergized
and will short-circuit the shunt-field resistance
95 and slow down the motor. Then 52 or
53" will be opened, which will cut off the cur-
rent-supply from the solenoid-coil 40, cause
the main-line switch to be dropped md the
motor to stop. The direction of the rotation
of the motor determines whether 54’ and 592
or 55" and 53" will be operated, and which-
ever pair of cut-out switches is operated the
other pair will remain closed, so that the op-
erator may start up the motor in the opposite
direction at will.

|
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The construction of the appa,ratué 1tselt
forms no part of my invention. So I do not
wish to confine myself to that here shown,

for obviously I can use anyv of the various
torms of electrical switches and other devices
now in use which are adapted to make the
connections and changes in the circuits above
described.

What I claim as new, and desire to cover by
Letters Patent, 18—

1. In a motor-control system, the combina-
tion of a motor, a source of electrical supply,
a resistance, a double-acting circuit-closer
adapted when in one position to connect the
motor to the source of electrical supply
through the resistance, and when in another

position to connect the motor to the resist-
ance, and means for preventing the circuit-
closer from connecting the motor to the elec-

trical supply until the resistance is placed in
the circuit.

2. In a motor-control system, the combina-
tlon of a motor, a source of electrical supply,
a resistance, a double-acting magnetically-op-

“erated circuit-closer adapted when in one po-

sition to conneect the motor to the source of
electrical supply through the resistance, and
when 1n another position to connect the motor
to the resistance, and means for preventing

the circuit-closer from connecting the motor

to the electrical supply until the resistance 1s
placed in the circuit.

3. In a motor-control system the combina- -

tion of a motor, having an armature and a se-
ries field, a variable resistance, a source of elec-
trical supply, a double-acting circuit-closer
adapted when 1n one position to connect the
armature, the series field and the variable re-
sistance to the source of electrical supply, and
when in another position to connect the series
field and variable resistance to the armature
in such a way that the current generated by
the rotation of the armature will flow through
the series field in the same direction as it did
when it was connected to the source of elec-
trical supply.

4. In a motor-control system the combina-

tion of a motor, having an armature, a series

feld and a shunt-field, a variable resistance, a

source of electrical supply, a double-acting

circuit-closer adapted when in one position to
connect the armature, the series field, the
shunt-field and the variable resistance to the
source of electrical supply, and when 1n an-
other position to connect the series field, the
shunt-field and variable resistance to the ar-
mature 1n such a way that the current gener-
ated by the rotation of the armature will flow
through the series field and the shunt-feld in
the same direction as it did when 1t was con-
nected to the source of electrical supply.

5. In a motor-control system, the combina-
tion of a motor, a source of electrical supply,
a resistance, a double-acting magnetically-op-

erated circuit-closer adapted when 1n one po-
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sition to connect the motor to the source of |

electrical supply through the resistance, and
when in another position to connect the motor
to the resistance, a solenoid arranged to vary
the resistance, means for preventing the cir-

cuit-closer from connecting the motor to the

electrical supply until the resistance is placed
in the circuit, and a manually-operated switch
for controlling the system.

6. In a motor-control system the combina-
tion of a motor, a reversing-switch, an auto-
matic resistance-varying device, a source of
electrical supply, a double-acting, magnetic-
ally-operated circuit-closer adapted when in
one position to connect the motor to the source
of electrical supply through the reversing-
switch and the resistance-varying device and
when in another position to connect the motor
to the resistance-varying device, and a manu-
ally-operated switch for controlling the sys-
tem.

S

7. In a motor-control system the combina-
tion of a motor, a reversing-switch, an auto-
matic resistance-varying device, a source of

electrical supply, a double-acting, magnetic-

ally-operated circuit-closer adapted when in

one position to connect the motor to the source
of electrical supply through the reversing-
switch and the resistance-varying device and
when in another position to connect the motor
to the resistance-varying device, a manually-
operated switch for controlling the system and
cut-out switches for stopping the motor atter
it has run a predetermined number ot revolu-
tions in either direction.

In witness whereof I have signed my name
to this specification in the presence of two sub-
seribing witnesses.

EUGENE R. CARICHOFT.

Witnesses:
Warrer C. STRONG,
ErRNEST W. MARSHALL.
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