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To all whom 1l may concern:
Be it known that- I, EvceNE R. CARICHOFF, & citi-

7en of the United States, residing in East Orange, Es--

sex county, New Jersey, have invented certain new
and useful Improvements in Motor Control of Wthh
the following is a specification. |

My invention relates to a systern for contr()lhng elec-
tric motors and its object is to improve upon the sys-
tems now in use and.to provide snnplcla,nd efficient
means for accomplishing this end.

I will describe a motor control system embodvmg
my invention and point out the novel features thereof
in claims.

The drawing diagrammatically represents such a sys-
tem. | o N -

10 designates a manually operated switch by means
of which an operator controls the system and the move-
ments of the motor. 11, 12, 13, 14, 15 and 117, 12/, 13/,
14/, 15/ are the stationary contacts of this hand switch
and 17 is its movable contact which is adapted to be

“moved over these smtionary,conmcts by means of a

handle 16.

20 represénts the mmature of a motor, 21 1ts shunt

held 22 a brake magnet and 23, 24 its series ficlds.

A,B.C,D E F G, H, T, J and K are magnetic
switches adaptefl to open :zmd ‘close various circuits
which will be fully described later. Briefly each one
of the magnetic switches comprises a solenoid, a coré,

a contact disk or disks attached to the core but insu-
lated from it, stationary contacts with which the disks
co-act and certain electrical connections all of which
will be specifically pointed out. A is a main line
switch, B and C reversing SWItChEB and lhe others are
switches for controlling certain resmtances and the fields
of the motor. | | |

40 is a locking device Wthh operates, in conjunction
with the magnetic switches B and C and consists of two-

angular levers 41 and 42 pivoted at 43 and 44, engaging
with the lower ends of the cores B? and C? at 47 and 48
and with each other at 45 and 46.
stop device. It consists of a cam 37 and two electrical
switches with their connections. |

Without further description of the drawing, I will
proceed to trace out the various electrical circuits and

describe the operation of thesystem. Themains which
come from 4 suitable source of electrical supply are des-

ignated by |
to the movable contact 17 of the hand switch. When
the movable contact 17 is moved to the right until it

- and —. * The positive main is connected

touches the stationary contact 15 ‘circuits are estab-
lished through the solenoids A and C. The current

- will go through the car switch and to the contact 32 of
 the automatic stop device 30, thmugh the switch blade

35 and out through the contact 31. Thence it goes to

and A0,

‘B% and B'".
down or until it has dropped down the ¢ircuit to the 50~
lenoid A'is broken at BY, B,

30 is an automatic

the n

through the solenoid (' .and out to the- negatwe main

through the small contacts A8 and A7 and the disk 'A*.
Another part goes through the small contacts BY and

] the solenoid ¢! where 1t bmnchea One part goes 55

B? and the disk B* to the solenoid A%, through the lat-

ter and to the negative main through the contacts Al
The solenoids C and A will thus be energized
and will draw up their cores C? and AZ,
drawn up to the position shown in the drawmg and

1 will be locked in that position by the lever 42, as ‘the
short arm 45 of lever 41 will come up behind the short
‘arm 46 of lever 42 and as the 1evcr 42 18 connwted at

(2 will be.

60

48 to the core C? it will hold the latter up in the posi-

tlon shown.
be raised from the small contacts C° and C!', and the
disk (*® to be raised from the contacts C7 and €® and
against the contacts C® and C% - At the same time.the
core B? (if it is not already down) will drop down 1nto

the position shown in the drawing because the short arm’

This operation will cause the disk (* to:

70

46 of the lever 42 will be removed from the back of the

short arm 45. The disk B® will now rest upon the con-
tacts B7 and B8 and the disk B* rest upon the contacts
It will be seen that unless the core B? 1s

When they are closed by
the disk B* the core A* will be drawnup so that the disk
A will connect the contactg’ A%, A° and A?and the disk
At will be raised from the contacts A7and A%, Thelatter
operation will break the circuit through the solenoid '
so that no more current will pass through it while the core
A’remains up. But the core C? will remain up a8 1t 18
now locked in its up pomtmn by thearm 42aswehave al-
readyshown. The pin A will strike upon and raise the
pivoted contact A!! from the contact A'®and this oper-
ation will insert the resistance A'¥into the circuit of the
solenoid A!and so diminish the current used in A* while
its core A? remains raised. Whenythe disk A connects
the contacts A8, ASand A% 1t clobea a circuit through

the brake magnet 22, one end. of Wthh ig connected to

the positive mailn and the other end of which is con-
nected to the contact A® and through the disk A® to
negative mailn. This magnet is used in a well
known way to release when it is excited a, brake from
the moving part of the motor. The disk A? also closes

which is connected to the contact A%, and through the
disk A3 to the negative main. Another circuit 1s

closed at the same time from the positive main through

the series fields 23 and 24 and the resistances I8 HS G,

F& 18 and D® the contacts C%, and (5, which are con-
nected by the disk through the armature passing
in at the brush 26 and leaving at the brush 25, through
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the circuit through the shunt field 21, one end of which
is connected to the positive main and the other end of
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contacts B8 and B7 connected by the disk B?, through



A% and A5, connected by the disk A3 to the negative
main.. When the magnetie switches are in the position

- shown another. ¢ircuit is {mnplvtvd through. the arma-

ture and the resistance 27 as follows:. Starting at the
brush 25 the circuit goes through contacts B?,. disk B3

~and contact B to the lvft hand side of the resistance 27,

10

through 1111}- resistance to contact 17, through disk I3,
contact DO, contact (%, disk (%, contact C8 to brush 26,

thenee through the armature to the brush 25. Tlil'is

it will be seen that the current from the mains is ad-

mitted to the armature through the series fields and -

- resistance and that part of it is shunted around the

20
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armature  through- resistance.  This will cause the
armafure to rotate al:ml} in one dircetion.  As soon

as 1t. rofates 1 o nvmlm 1 connter clectro motive force

and this w 1I] Cause an increase of the current through

the resistance 27 which causes tht‘ latter to act as a

brake and prevent an undue ace Lleratmn of the
armature. - - '

- If the miovable contact 17 of th(‘ hand EWItt‘h had
been moved to the left onto contact 157 the operation
would have been similar but in this case the disks of

the veversing switch B would have heen raised and'
those of the reversing switch (C would have I}cen‘
dropped, the eurrent would have been sent through -

the armature in the opposite direétion and the arma-
ture would have rotated in the opposite direction.

closed through the solenoid D! of the magnetic switch

D. This ¢ircuit will be completed from the positive

main.through the hand switch, the solenoid I, thence
to the small contact J7, through the disk J3, contact J®,

“and contact A® which as we have already shown is now

connected to the negative main.  The current flowing
through the solenoid D' will cause it to be energized
and it will attract its core D*and draw it up. ‘The disk

- D3*will be raised from the. contacts D%:and D7 and

40

45

55

- contact 11, the solenoid G! will be energized. This
will cause the disk G® to be raised from the contacts
and the shunt around the armature to be

60

 broken.
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against the contacts D and D3,
resistance D? will he added to the resistance 27 and at

the same time the resistance D¥ which has been in
serics with the armature will be short-circuited. The.
-offect of this upon the motor will be: first, to deprease_

the amount .of current which is shunted around the
armature and decrease the 'reaking ‘effect thereof,
and. second, to increase the current flowing through
the armature from the mains by decreasing the series
resistance. Both of these actions will have the ef-
fect of increasing the rate of rotation of the armature.
Sunilarly, whea the movable contact 17 is brought
against contacts 13 and 12 the solenoids E! and F! will

“be energized, the other cores E? and F2? will be raised

respectively from contacts E6, E7 and Fé, F7 and
against EY, % and F¥, F5, thus adding the resistances
E* and F* to resistance 27 and short-circuiting the resist-
ances E#* and FS. In the manner just described, these

operations will 1 increase the rate of rotation of the arma-

ture. When the movable contact 17 is moved onto the

G* and G
‘When the contacts G* and G* are connected
by the disk G the resistance. G* is short-circuited.

Thus the effect of this: operation of the magnetic switch
(¢ will be similar to that of the magnetic Bmtcheﬂ D, E

1t and K! has the resmtanee K? in series with it.

resistance J? is greater than the resistance I° and the
As the

potential across the armature brushes increases these

If
now the movable contact 17 he moved’ further to the
right until .1t touches the coniact 14 a cireuit will be

“armature to revolve faster.

In doing this the-

| agamst the contacts K*and K5,
ance X°® in the circuit with the solenoids’ H' and I!

‘main line at A% and AS.

the opposite direction at will.

869,320

and F. - It will also close the circuit.through the solen-

oids H!,

presently described.. This contact GY 18 now con-

nected through several disks and contacts and their

connections to one of the brushts of the armature.. It
is also connocted to the upper Blde of the solenoids H,
I, J and K; to H directly, to the others through resist-
ances I%, J* and K® The lower ends of the solenoids
Ht, I', J* and K! are connected through various con-
ductors and contacts to the other brush of the armature.
Thus these four solenoids are connected in parallel
across the brushes of the armature.  As 'the latter ac-
celerates the counter electro-motive foree will i increase
and the current passing through these %lﬁnuufs will
increase in proportion, to the accelération of the arma-
ture.
which 18° connected “directly across the armature
brushcs without the interposition of any external resist-
ance. The solenoid I' has a resistance I? connected

in seri¢s with it.  J! has the resistance J¢ in series with
The

resistance K* is greater than the resistance J¥.

solenoids ‘will become more and more energized until
they draw up thcir rcspective cores.

I, 3! and K' the effect of which. will be

" The solenoid H!'is the only one of these four

This they will

7¢
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do step by step beginning with H' which has no resist- =

ance in serics with it, followed by 1!, J! and K! be-

cause of the different amounts of resistance in scriea
with ecach. When the core H? is drawn up, the disk

95

H3 is brought against the contacts H* and H? and short-

This will tend to cause the

The core I? with its disk
I3-will short-circuit the resistance I8 at the contacts I#
and I* with*a similar result. When the core J? is

circuits the rcxistance H¥,

pulled up, its disk J? is raised from the small contacts:

J¢ and J7 and is brought against the contacts J* and J.

100

This inserts the resistance .J® in the circuit with the

solenoids D', E!, F! and G! which prevents them from
using excessive current; and it short-circuits the series

field 24. ' Similarly, when the core K2 is raised. the

disk K® is lifted from the small contacts K% and K7 and
This inserts the resist-

which prevents them from using excessive current,

and it short-circuits the secrics ﬁeld 23: The motor

will now attain its full speed.

‘When it is8 desired to stop the motor automatlcally |
affer it has run a predetermined number of revolutions,

a8 when it is directly connected to an electric elevator,

the automatic stop device 30 may be ysed. Insucha

case a-.cam 37 18 so connected that it is moved by the ro-

tation of the armature until it either opens the switch

105

110

blade 35 from its contacts 31 and 32 or the switch blade

36 from its contacts 33 and 34 according to the direction
of the armature's rotation.
through.the main line switch solenoid A! and open the

motor as it will cut off its current supply and connect
the resistance 27 across the brushes of its armature
which will act as a brake. - It will be seen that only one
side of the automatic stop device 30 will be opened at a
time so that the operator may start the motor rotating in
This automatic stop de-

All the solenoids of the mag- -
netic switches will be deénergized. This will stop the .

120
Thls will break the circuit |
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130




10

20

20

30

33

4()

=
] |

o

85

60

3
AR

8 60,229

vice has the same effect as the hand switch would have
if the operator brought it to center. . The operator may,
however, if he desires bring the motor to a more gradual
stop by moving the hand switch gradually so that 1ts
movsable contact will leave its atationary contacts one
by one. As soon as it leaves contact 11 the circult
through the solenoid G! will be broken, its core will
drop and this in turn will break the circuit through the
solenoids H!, T, J! and K!, put the series fields 23 and

24 and the resistances I8. H®* and G? into the armature

circuit and connect the resistances 27, 19, E? and D 1n
shunt with the armature. This will retard the rotation
of the armature. The braking effect’ of the current
which flows through the resistances 27, 1’7, [&? and D”

will of course depend upon its amount and this will de-

pend upon the amount of the resistance.  This the op-
erator may decrease and thus increase the braking effect
by removing step by step, the resistances 1Y, F° and D°
by causing the movable contact 17 to leave respectively
the contacts 12, 13 and 14, When at last he causes it to
leave the contact 15 the main line will be opened at the
magnetic switch A and the motor will come to a stop.
The shunt field 21 remains connected across the brushes
of the armature so that it will recetve current as long as
the armature rotates, |

It iz to be noted that in this systém the motor is con-
trolied partly by hand and partly automatically in that
the switches A, B, ¢, D, E, ¥ and G arc directly under
the conirol of the operator, while the switches H, 1, J

and K are operated automatically by the acceleration of

ithe motor grmature. It i also to be noited that the
magnetic switches D, E, F and G which are directly un-
der the contrél of the aperator perform a double fune-
tion. They conirol two resistances one of which is in
series with the armature and the other of which 15 in
shunt with the armatyre. While the series resistance
ig decreased the shunt resisiance is increased.  As both
of these operations have a tendeney to increase the rate
of rotation of the armature the effect is doubled. Like-

‘wise when the series resistance is increased the shunt

resistance is decreased. In this way the operator hasa
positive conirol over the rate of rotation of the armature.
ilaving described my invention what { ¢laim 1s:

t. In & motor-controlling system, the comblnution with
an electric motor, of two starting reslstances, a switch
for controliing said resistances to remove one {rom in clr-
cult with the motor armature, and iusert the other In
shunt thereto, or to insert one in clreult with sald arma-
ture and remove the other from in shunt thereto, in start-
ing the moior In elther direction, an electro-magnet for
operating sald switch againet the action of gravity which
automatically restores sald switeh to normal when said
electro-magnet is deénergized, and a main-line gwitch for
closing a clrrult for sald armature and for bhoth of saild
resigtances. '

2. In & motor controlllng system, the combination with
an electric motor, of twaq variable starting resistances, one
in series and thz other in shunt to the motor armature,
A awltch for controlling sald resistances to increase ov
diminish the amount of one and substantlally &t the same

- time decrease or Increase, respectively, the umount of the

other of sald variable resistances, In stariing the motor ln
either  direction, and an electro-magnet operating said
awiteh from one posltion to the other against the actlon
of gravity which automatiéally refurns sald switch to
normnl when said - electrc-magnet is deénergized, and'a
main-line switch for closing a clreult for the motor urma-
ture and both of sald resistances. | .

3. In & motor control system, the combination with the

70:armature of the motor, of two resistances, a switch held

{n normal position by gravlty, electrlc means f.r operating
gsaid switeh to remove one of said resistances from the
circuit of the armature and insert the other in shunt to the

armature, or to insert one of sald resistances In clreuit

with the armature and remove the other from in shunt
thereto, reversing switches for the motor, mechanical In-
terlocking mechanism for sald switches, and a maln Jine
switeh for closing the cireult through said armature and
hoth of sald resistances. |

4. In n motor controlling system, the combination with

the armature of the motor, of two variable resigstances,

¢ne in series with the armature and the other in shunt

thereto, both being starting resistances for {he motor in
starting In either direction and the shunt resisiance being
also a stopping resistance, a plurality of eleciro-magnet
switches for controlling said reslstances, and a manual
switeh for effecting the operation of suid switches to vary

79

80

the speed of the motor; said speed being dependent upon

tlie position of sald manual switeh,

5. In a motor control system, the combination with the
armnture of the maotor, of two variable resistances, one In
series and one In shunt with sald armature, both being
starting resistances and the iatter also a stopplng resist-
ance, a plurality of magnetic switches for controlling suid
rosistances so connected that they will increase or diminish
step-by-step the amount of one of sald resistances and
nt the same time decrense or Inerease the other of said re-
sistances In the operation of the motor In elther direction,
n manually operated switch for controlling the magnetic
switches, and a slngle switch for closing the motor elreunit
Inclading the armature and sald resistances.

6. In a motor control system, the combination with the

“armature of the motor, of two variable resistances, one in

sories and one in shunt with satd armature, n plurality
of magnetic swltehes for controlling sald resistances so
connected that they will increase or diminish step by step
the amount of one of said resistances and at the same time
decrease or increase the other of said resistances, and
other magnetic switches automatically operated by the
acceleration of the armature for controlling a part of the
series resiztance. |

[

{. In A motor conirel system, the combination with the
armature of the motor, of two resistances, onhe in series
and the other in shunt to the armature, a plurality of elec-
tromagnetic switches for controlling soid resistances to
vary the speed of the motor, additional resistance in cir-
cuit with the armature, additional switches for controliing
sald addltional resistance, and clreuits ond connections
to effect the operation of sald additional switches after

the first-named electmmngnetlc swlitches have operated.

8. In a motor control system, the combination with the
armature of a motor, uof reslstance in serles and paraollel

with the armature, additional resistunce In series with |

the armature, manually controlled electromagnetic switches

for controlling said first-named resistances, and other

electromagnetic switches for automaticaily controlling sald
additional resistance after sald first-named electromagnetic
gwltches have operated. |

9. 1 a8 motor control system, the combination with
starting resistances connected to the armature, of electro-
magnetie switches for controlling said resistances, a man-
ual switch for operating sald switches in successlve ovder,
additional starting resistances, other switches for con-

‘| trolling the latter resistaunces, and automatic means for

successively operating said other switches after the said
electromagnetic switches have Dbeen operated.

19. ITn a motor control system, the combination with
starting resistances connected to the motor armature, of a
series of electromagnetic switches for controlling one por-

tion of said resistances, another series of electromagnetic.

switches for controlling the other portion of sald resist-
ances, and means operated by the second serles for reduc:
ing the current consumed by both series.

11. In 2 motor control gystem, the combination with

sectionnl starting resistances for the motor armaiure, of

manuaily controtled electromagnetic switches for grad-

- upally varying sald reslstances, additional sectional start-
ing resistance, and a series of automatic electromagnetic

switches successively operated to control said last-named
resistance,
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- with an electric motor, of reversing switches therefor,.
. electro-magnets for operating gaid switches, a main line

15

- 20

4

12. In motor-conitrolling apparatus, the combingtion

with an electric motor, of armature-current reversing

inechanism comprising two electric sawitches, electric means

for operating said reversing mechanism, & main line switch,
an auxiliary switch co-acting with the main iine switch
to. cut off the current from s«ld electric-operating-means,

- and.an interlocking device for . huldlng one of said first- |
named electric switches in upper position and .the othér

in lower position.
13. In motor-controlling appamtu-n the.. eombination

switch, an auxiliary switch controlling.. the circuit of
etther of said electro-magnets and normally closed, an ad-
ditional electro-magnet for operating said main line switch,
and. said auxiliary switch, the former to closed position
and the latter to open pesition, and a mechanical Inter-
locking device for holding one of the reversing switches
in cilosed position even after the current has been cut off
from its operating magnet, . - |

- 869,999

14, In current-controlling apparatus, the combination

with -current-reversing mechanisip comprising two inde-

pendently operated switches, of electro-magnets for chang-

ing the relative positions of sald switches, and mechanical
means for positively locking one awitch in closed posi-
tion until the other is moved a predetermlned diatance_ '

toward closed position.

15. In current-controlling apparatua, the comblnation
with two electro-magnetic switches for controlling the
direction of current through a circuit, of a pivoted lever
connected to & moving part of each’ of 'sald switches, and
interlocking lugs on the inner ends of said levers and mov-

able in zre, to mechanically lock one switch in closed posi-
‘tion unttl the other is operated to a predetermined degree,

- In witness whereof, I have signed my name to this

specification in the presence of two subscribing witnesses. -

- EUGENE R. CARICHOFYF.
Witnesses : - | -
W. H. BrADY,
ERNEST W. MARSHALL,
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