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7o all-whom if may concern.:
Be: it known that I, Jomx D. Iniper, 2
citizen of the: United States, residing in

New York, in the county of New York and

State of New York, have invented a new
and useful Tmprovement in Motor-Control-
ling Mechanism, of which the following is a
specification.

My invention relates in gencral to elec-
trical controlling mechanism, and, while 1t
is applicable to many classes of apparatus
operated by electric power, it is particularly
adapted for use in connection with hoisting
mechanism, such as passenger and freight

elevators and ammunition hoisting mecha--

nism as used in fortificitions and naval
vessels. ‘

Ore object of the invention is the provi-
sion of improved means for automatically
controlling an electric motor to stop a car
or carrier at predetermined points in its
travel, regardless of the speed, load or fric-
tion. : :
Another object of the invention is the pro-
vision of automatic controlling mechanism
for the motor, which will effect a gradual or
genﬂe stop of the car or carrier at interme-

iate points in its travel and a rapid stop
at the limits of travel.

A further object of the invention is to
produce a motor and controlling mechanism
therefor in which the automatic operation in
stopping the motor at the limits of car travel
differs: from that effected manually, in ac-
cordance with the varying requirements
and conditions for the different stops.

Other objecis of my invention will appear

_hereinafter, the novel combinaiions of ele-
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ments being poirted cut in the elaims an-
nexed hereto.

Referring to the accompanying drawing
which illustrates diagrammatically the mo-

tor controlling apparatns and electrieal eir-

cuits therefor embodying my invention, S
designates a switch by means of which an
operator may start, stop and reverse the
hoisting apparatus.

T designates a safety or emergency switch,
and is preferably lecated close to the switch
S g0 as to be within casy reach of the oper-
ator. Two sets of automatic stop switches
1,2,3,4, 5 and 17,27, 87,4/, 5" may be located
adjacent the upper limit of car travel. The
first-named set 15 adapted to be engaged by
a cam C carried by the car as the latter

approaches its upper limit of travel, while
the latter set is engaged by a similar cam W
carried by the counterbalance weight or car
when the car approaches its lower limit of
travel, both cams being of sufficient length
to be in engagement with all of the switches
of a set at one time.

The automatic stop switches 1, 2, 8, 4, 5
and'17,2’, 8", 4/, 5’ may be arranged at vary--

ing distances from each other to suit vari-
ous conditions met with in practice. Fur-
thermore, these stop switches may be re-
placed by other switching means arranged
to be automatically operated by any moving
part of the hoisting apparatus, such as the
winding drum shaft. The drawing shows

separate switches operated directly by the

car or counterbalance weight when the lat-
ter is used, merely for simplicity and clear-
ness. _

M designates a hoisting motor which is
operatively connected to the car or carrier
by means of suitable hoisting mechanism, the
latter not being shown since it forms no part
of the present invention and may be of any
suitable construction.

R and R’ are motor reversing switches,
and, while the same may be of any suitable
construction, I prefer the type of switches
herein shown, the same being substantially
like those shown in U. S. Patent No. 704,336,
granted to me on July 8, 1902.

B designates the magnet coil of the.usual
spring or gravity actuated electrically re-
leased friction brake, while B’ is a resistance
normally in parallel therewith.

The motor illustrated herewith is of the
direct current, compound wound type, this
type of motor being particularly adapted
for hoisting purpeses in that it combines the
powerful starting torque at low speeds of
the series wound motor with the substan-
tially constant speed characteristics of the
shunt wound motor. The series and shint
field windings ave designated by D and E,
respectively.

(+ designates an extra field winding hav-
ing in series with it a sectional resistance J,
which latter is ent out-of or into cireuit by
means of a load magnet T. A suitable re-
sistance may be used in place of the extra
field winding.

T is an electromagnetic switeh which con-
trols o eirenit to the load magnet L.

A designates an accelerating
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which effects the shert-cireniting of the mo-°
tor starting resistance and series field wind--

ing as the motox. is run up to speed.

F is a magnet switch, by means of whicha
fast or slow speed of the hoisting motor may
be effected. R ) :

P designates a potential switch which un-
der normal conditions connects the system of
circuits to 4 suitable source of electrical sup-
ply through the conductors + and —.

115 a slack cable switch which operates to
open the potential switch P and bring the
hoisting motor to rest in case the hoisting
cables should become slack from any cause.

Having briefly described the various parts-

of the apparatus embodying my invention, I
will now go into a more detailed déserip-

tion of these parts and their codperation, at’
the same time tracing out the various cir-.

cuits, - L
The Iight lines represent the operating,

brake and shunt field cirenits and the cir-

cuit of the load magnet L, while the heavy
lines denote the main or motor circuits, the

extra field circuits being shown by lines of

medium thickness.

The potential switch P comprises a mag-
net winding 83 and core 54, the latter being
adapted when magnetized to hold a series
of insulated contacts in electrical engage-
ment with corresponding fixed contacts di-
rectly above. These contacts are designated

by 34, 85, 36, 37 and 38. Other contacts 39 -
are in a similar manner normally held cup

of engagement with each other. The poten-
tial switch P under normal conditions has

~ its magnet winding 33 energized, thereby
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maintaining its contacts closed, as shown.
The circuit for-this winding 33 is as fol-
lows,—from the positive main through the
contacts 35, contacts of slack cable switch
1, contacts 34, to and through the magnet
winding 83 and resistance 33, through the
automatic stop switches 5’ and 5, emergency
switeh T, fuse 40, and contacts 37 and 36,
to the negative main, P
. In order to illustrate the operation of the
system, let the handle of the operating
switch S be 'moved a short distance to the

right until the segment 6 engages the fixed

contact .8. This operation closes a circuit
to the reversing switch R from the positive
main through contacts 35 of the potential
switch, fuse 40, through the magnet winding
48 of the switch K, wire 53, winding 18 of
the reversing switch R, through the auto-
matic stop switch 4, switch contacts 8, 6
and 7, emergency switch T, wire 55, fuse
40’, contacts 37 and 36 of the potential
switch P, and to the negative main. This
circuit energizes the magnet switeh K and

" reversing switch R and they will operate in

&

a manner to be pointed out later.
" The, reversing switches R and R’ each
comprises a magnetic core or plunger to

1,064,224

which are fastened arms carrying contacts,
such as 12, 13, 14 and 15. In the path of
these movable contacts are fixed contacts,
such as 10, 11, 16 and 17, which are adapted
to be engaged by the movable contacts. The

.winding 18 of "switch R, when energized,

tends to lift its core to which are connected
the centacts 12, 18, 14 and 15, causing the
contacts 12 and 18 to engage the fixed con-
tacts 10 and 11, respectively. The movable
contacts 14 and 15 will at the same time be
moved away from the fixed contacts 16 and
17, respectively. The winding 19, however,
tends when energized to pull its core and
connected contacts in a downward direction.
A rocker arm 52 is operatively connected to

-the switches R and R’ and prevents both

switches being in their extreme upward or
downward positions at the same time. This
interlocking device is shown diagrammati-
cally on the drawing, the precise construc-

~tion being shown in Patent No. 704,336,

granted to me on July 8, 1902, and entitled
Reversing switch motor.” :
As before pointed .out, the circuit estab-
lished by moving the operating switch S in
a right-hand direction includes the mag-
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net windings of the switches K and R. The .

switch K being thus energized, raises its

core and connected contact plate, thereby

open-circuiting the contacts 49. The wind-

‘ing 18 of switch R being also energized,

raises its core, and by so doing brings the
contacts 12 and 13 .into electrical engage-
ment with the fixed contacts 10 and 11, re-
spectively. - At the same time the rocker
arm 52 allows the contacts 14 and 15 of the
reversing switch R’ to engage the contacts
16" and 17’, respectively. The closing of
these reversing switch contacts establishes
circuits to the motor and brake magnet B.
The motor circuit may be traced from the
positive main through the potential switch

-contacts 35, wire 557, contacts 11 and 13 of

the reversing switch R, wire 57, contacts 15

| and 17" of the reversing switch R’, winding

19’, brush 21, through the armature of the
motor M, brush 20, contacts 16’ and 14’ of
the reversing switch R’, to and through the
sectional starting resistance H’ and H, series
field winding D, and by-wire 58 and poten-
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tial switch contacts 87 and 86 to the nega-

tive main. A circuit is at the same time
closed to the brake magnet, which may be
traced from the contdet 11 to the contacts
13, 12 and 10, wire 56, to and through the.
brake magnet coil B, wire 63, contacts 38

120

and 36, to the negative main: The closing

of the reversing switch R not only closes
a circuit through the motor armature and
brake magnet, but also a circuit through the
shunt field snd-extra field windings, the
armature circuit including the winding 19
which operates to pull it core in a.down-
ward - direction, thereby ‘maintaining the
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contacts 14, 16’ and 18, 17" in close elec-
trical engagement. The shunt field circuit
may be traced from the positive main
through the contacts 35, wire 557, contacts
11, 18 and 12, wire 59, field winding B, wire
58, contacts 37 and 36, to the negative main.
The exira field circuit is from the motor
brush 21, winding 197, contacts 17/, 15/,
wires 57 and 59, to and through the extra
field G, resistance J, contacts 24 and 23 of
magnet switch I, confacts 14’ and 167 fo
the motor brush 20. The extra field is there-
fors connected as a shunt to the motor arma-
fure. '

Under the present conditions the motor
avmature rec.ives current Hinited in amount
by the starting resistance H” and H, the se-
ries field; shunt field and extra field arve
energized, the current in the latter being
limited in amount by the resigtance J in se-
ries therewith. The brake is also released
by the magnet B and the motor starts and
runs at slow speed in a direction to lift the
load. The next operation is to move the
switch § farther toward the right until the
contact segment 6 bridges the fixed centacts
7, 8 and 9. A circuit is thereby closed
through the winding of magnet switch I,
whicn may be traced from the positive main
through contacts 35, wire 55’, contacts 11
and 13, wire 57, contacts 12" and 18, to and
through the winding of magnet switch F,
sutomatic stop switch 1, contacts 9, 6 and 7
of switch 8, emergency switch T, wire 55,
fuse 407 and to the negative main 58. The
magnet of switch ¥ is now energized to raise
its core and connected contacts 23 and 26
into electrical engagement with the fixed
contacts 22 and 25, respectively, at the same
time carrying the contact 23 out of engage-
ment with the contact 24. By closing the
contaets 22 and 23, the starting resistance B
is short-circuited, allowing more current to
flow to the mobor armature. At the same
time a circuit to the winding 32 of the ac-
celerating magnet A is established by way of
the contacts 25 and 26, This circuit may be
traced from the armature brush 21, through
magnetb coil 197, contacts 177, 15" and 137, to
and through the winding 32, contacts 26 and
25 of swileh F, through a portion of the
starting resistance H (the resistance H’ he-
ing short-circuited by the contacts 22 and 23
at this time), contacts 14’ and 16’, to the
motor armature brush 20. The winding 82
ig therefore connected across or in shunt to
the motor armature and a portion of the
starting resistance H, and its energization
depends upon the counter-electro-motive
force of the rotating armature. The wind-
ing 22 of the accelerating magnet when sufli-
ciently energized operates to close a series
of contacts*27, 28, 29, 30 and 31, which econ-
tacts may e arvranged in any one of several
well Inown ways .so that they will always

8

operate in a certain predetermined order.
The movable contacts are here shown as
being at varying distances from their re-
spective fixed contacts, and so arranged that

the contacts 27 will close first, then the

contacts 28, and so on until finally the con-
tacts 31 wvill close. The contacts 27, 28 and
29 operate to short-circuit sections of the
starting resistance H, the contacts 80 short-
circuit a portion of the starting resistance,
together with a portion of the series field
D, and the last contacts 81 operate to short-
circuit the remainder of the series field.

At the same time that the switch If oper-
ates to connect the contacts 23, 22 and 20,
95, the contacts 28 and 24 are separated,
and thus the cireuit to the extra field wind-
ing (& is broken at these contacts. 'The
motor now accelerates to full speed, with all
of the starting resistance cut out of the
armature circuit, and, being excited by the
shunt field alone, runs at substantially con-
stant speed. '
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In order to stop the motor and thus -

arrest ' the upward movement of the car
and load, the switch S is moved back to its
initial or central position. The switch seg-
ment 6 first passes out of electrical engage-
ment with the contact 9, thereby interrupt-
ing the circuit for the magnet coil of switch
F and causing the separation of the con-
tacts 22, 28 and 25, 26, the contacts 23 and
24 once more coming into engagement. The
separation of the contacts 22 and 23 reip-
serts the resistance H’ in the armature cir-
cuit, while the separation of the contacts
25 and 26 interrupts the circuit to the wind-
ing 32 of the accelerating magnet A and
the latter operates to reinsert the resistance
H and series field D in the armature circuit.
The closing of the contacts 23 and 24 con-
nects the extra field G- and resistance J in
series therewith across the armature brushes,
preducing a dynamic brake action, and by
increasing the field strength of the motor,
helps to reduce its speed. The switch S
is next brought to its initial central position,
the segment 6 passing off of the contact 8.
Since the contact 8 is connected through the
automatic stop switch 4 to one terminal of
the reversing switch magnet 18, the latter
is deSnergized, allowing its core and con-
nected contacts to drop, thus separating the
contacts 10, 12 and 11, 13, respectively, of
the reversing switch R, and thereby cutting
off the current supply to the motor and
brake magnet B. The brake magnet I3 con-
tains a resistance B’ connected in parillel
with it, this parallel connection including
the automatic stop switches 2 and 2" which
are normally closed as shown. The function
of this resistance B’ is to furnish a path for
the brake magnet discharge which occurs
when the supply circuit to the brake mag-
net is broken at the reversing. switck con-
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tacts 10 or 11". By reason of this discharge
through the resistance B, the de-magnetiza-
tion of the brake magnet is not instanta-
neous, but requires a certain interval of
time. The period of time required to de-
energize the brake magnet an amount suffi-

cient to allow the brake mechanism to stop -

the motor may be varied considerably, as
it depends largely upon the amount of re-
sistance B in circuit, and also upon the con-
struction of the brake magnet itself. For
this reason the resistance B’ is so arranged
that more or less of it may be connected

©in circuit, and this adjustable feature is
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indicated on the drawing in the usual
ner. ) .
As soon as the switch S is brought back to

Jnan-

center, the circuit to the winding 48 of mag-.
. net switch X, which is connected in series
‘with the reversing switch magnets 18, 187,

is broken and the contacts 49 are electri-
cally connected together.
closes a circuit from the armature brushes to
the winding 51 of the load magnet L, in-
cluding the resistance 50 in series therewith.
This circuit may be traced from the brush

20, through contacts 167, 14” and 14, wire 60,

30
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- winding 51 energized by virtue of its con-.
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contacts 49 of switch X, resistance 50, wind-
ing 51, wire 59, contacts 12, 13, 12, 137, 15,
17y winding 19/, and to the beush 21.- The
winding 51 of the load magnet L in series
with the resistance 50 is thus connected di-
rectly across the motér brushes and is there-
fore subjected to the varying potential of
the armature. The load magnet L having its

nection across the motor armature, will close
more or less of its contacts to short-circuit

the resistance J in series with the extra field’
G dccording to the counter-electro-motive

force of the armature. Since: this counter-
electro-motive force will depend upon the
speed and load upon the ear or carrier, the
amount of resistance J sntomatically cut out

of the extra field circuit by the magnet L

will also depend upon the ‘speed and load
on the car. -Thus it follows that the redue-

‘tion in speed of the motor drmature, due to

the dynamic brake action produced by the
extra field G, will be proportional to the

speed and lead on the esr. At about this

time the brake magnet B has become sufi-
ciently deénergized to allow the brake apps-
ratus to be gradually applied and the motor
and connected car or carrier come gently to
rest. o ‘
The operation just described is the normal
operation when the car is started and
stopped by the manipulation of the switch 8,
such operation taking place at any position
of the car between the upper and lower
normal limits. - o

In order to illustrate the operation of
stopping by means. of the automatic stop
switches 1, 2, 3, 4, 5, etc., we will assume

This connection

1,664,924

that the switch S is maintained in its ex:
treme right-hand position with the motor
running at full speed, the shunt field alone
being excited. As the car approaches at full
speed the upper limit of its travel, the cam
~C carried by the car will first engage and
open the automatic. stop switch 1. Since
this switch includes-the circuit to the magnet
switch I, the latter will become deénergized,
thereby opening its contacts and energizing
the extra field (. This operation is the
same in effect ‘as*when the switch segment
& was moved away from the contact 9 by
manual means, as before described; that is,
the starting resistancd and series field are
cut into circuit and the extra field, having
in series with it the resistance J, is connect-
ed across the armature brushes. The speed
of the motor is thusreduced. Thenext oper-
ation.is when the cam carried by the up-

automatic stop switch. 2. The opening of
this switch 2 opens the parallel circuit to
the brake magnet B which .includes the re-
sistance B’.- This operation does not at the
present time produce any effect on the exist-

paratory operation. The  automafic stop
switch 3 is next engaged and in this case the
contacts of this switch will be closed, there-
by closing a circuit to the winding 51 of the
load magnet L connected across the arma-
tare brushes. This circuit may be traced
from the wire 59 which is connected thrcngh
the contacts of the reversing switch R’ to
the armature brush 21 as before pointed out,
through the winding 51, automatic stop
switch 8, wire o0, through the contacts 14,
14/, 16, 10" the armature brush 20. The
winding 51 is thus connected directly across
the armature brushes, the resistance 50 and
contacts 49 of the switch K being left out
of circuit. L . ‘

When the automatic switch 3 is operated,
the speed of the motor and its counter-elec-
tro-motive foece have -been reduced and the
winding 51 of the load magnet is therefore
subjected to a reduced potential. When the
load magnet is brought into operation by
operating the switch S with the car in an in-
termediate position, this magnet will in
most_cases be subjected to substantially the
full line potential, since the operator will

usually center the: operating switch S

rapidly to stop the car, allowing little or
no time for a reduction in motor speed be-
fore the load magnet circuit is completed.
Consequently, if the resistance in the load
magnet circuit. remains constant, the dy-
namic brake retardation will always be at'a
‘maximum, which is not desirable at interme-

| diate stops as -produced by the operator,

since these stops should be gentle. Tt is de-
sirdble, however, to have the dynamic re-

tardaiion at a maximum when the stop is

wardly traveling ar engages and opens the
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produced automatically at the limits of car
travel, and in order to effect this distinction
between intermediate stops and automatic
stops I vary the resistance of the ¢ircuits in-
cluding the winding 51 of theload mag-
net L.

It sometimes happens that shortly after
the motor has been reduced in speed by the

-action of the automatic stop switches pre-

paratory to stopping, the load conditions on
the motor are aliered. This change of load
may be caused by additional friction or by
reason of the counterbalance weight having
bottomed, or by other causes which tend to
vary the load on the motor. In some cases,
such as double cage ammunition hoists, the

final stop position of the upper carrier may

be varied to correspond to the different ele-
vations of the gun. If, under the above
conditions, the dynamic brake remains
active to the full extent for which it has
been adjusted to operate while the car was
running under normal conditions of load,

‘any variation in load at this time would tend

to place an additional duty on the motoy
which it could not properly perform with
the full dynamic braking power, and conse-
quently the final stop position weuld not be
corrct. It is with special reference to the
aboie conditions that the 1oad magnet L is
arranged to open more or less of its contacts
and thus reinsert in the extra field circuit
the sectional resistance J or a portion there-

- of, depending upon the reduction in poten-
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tial of the motor armature as the latter slows
down, thereby increasing the power of the
motor again in proportion to the existing
load conditions so that when the friction
bralke is finally applied to stop the motor the
car 'will automatically come to rest exactly
at the required landing. In this manner the
load magnet L -automatically controls the

_sectional resistance J for all variations of

speed and load, either cutting out or rein-
serting the proper amount o? resistance in
geries with the extra field winding and
always short - circuiting or open - circuiting
the different resistance sections in - prede-
termined order or
seribed. .

While the load magnet L. may bé con-
structed substantially like the accelerating
magnet A, that is, a single winding operat-
ing any desired number of contacts to eut
out or short-circuit a sectional rvesistance,
there is this distinction: The magnet A isar-
ranged as before described to close a series
of contacts in a predetermined order or se-
quence of operation; the magnet L is so ar-
ranged that it not only closes its contacts in
a predetermined order, but also causes them

to open again in a predetermined order as

well. This operation may be brought about
in any-ope of several ways. As illugtrated
on the diagram, a series of movable cortacts,

sequence as before de- |

o

such ag 417, 427, 43", form the armatures for
the stationary contacts or pole pieces 41, 42,
43 of the load magnet L. Graduated springs-
44, 45 and 46 surrounding the stems carried
by the movable contacts hold the latter nor-
mally up against a stationary supporting
piece 47. When the magnet coil 51 is ex-
cited, the weakest spring 44 permits the con-
tact 41" to be pulled down into engagement
with the contact 41 first, thereby short-cir-
cuiting a section of the resistance J. The
contact 427 is next pulled down to short-cir-
cuit angther section of the resistance, and -
finally the contact 43" will be operated
against the upward pressure of the strongest
spring 46, and thereby short-circuit another
section of the resistance, leaving only a small
portion of the resistance J in the circuit.
It will be understcod that the current
through the magnet coil 51 may at times be
strong encugh to operate only a portion of
the movable contacts, and also that the num-
ber of contacts and sectipns of resistance
controlled thereby may be varied to obtain
any desired degree of refinement in oper-
ation. Should the strength of load mag-
net L be reduced, part or all of the movable
contacts will be operated to. open position in
the inverse order of their initial operation,
the strength of the springs determining the
order in which they will overcome the weak-
ened pull of the magnet and lift their con-
tacts. The amount of resistance J short-cir-
cuited is therefore varied in accordance with
the variations in the strength of the load
magnet L. -

While I consider the above method of
varying the resistance J an important fea-
ture of the invemtion, I wish nok to be:
limited to the precise consiruction of the jo%
load magnet L. as just described, as I am
well aware that there are many other ways .
in which the desired results could be accoms
plished. The present construction as shown
and described 1s merely illustrative of a sim- 110
ple way in which the desired operation may
be obtained. The multiple magnets A and
L could be replaced by a series of separate-
magnets suitably connected and arranged to
operate a series of contacts, and by varying 118
the windings of these magnets or their mag-
netic circuits similar results could be ob-
tained. As the-car comtinues to move up-
wardly at reduced speed, the cam C next en-
gages the automatic stop. switch 4 whose nor- 120
mally closed contacts include the winding 18
| of the reversing switch R. These contacts
are now opened, thereby breaking the circuit
to the reversing switch magunet 18 which be-
comes deénergized and allows the contacts 126
10, 12 and 11, 13, respectively, to separate,
thereby cutting off the current supply to the
motor and brake maguet B. Since the par-
allel circuit to the brake magnet including
the resistance B’ has-already been open-cir- 13¢
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cuited by the automatic stop switch 2, the
brake magnet will become deénergized sub-
stantially instantaneously and the brake will

therefore be at once applied with full power

to stop the motor. : .

"From the foregoing it is readily seen that
the brake is applied rapidly when the car is
stopped automatically at either of the limits
of its travel, while the application of the
brake at all other positions of the car is more
gradual with a corresponding gentle stop of
the car.

Should the car for any reason continue
to move upwardly after the automatic stop
switch 4 has been opened, the switch 5 will
be engaged by the cam and have its contacts
opened, thereby interrnpting the cireuit o

the potential switch P, causing the latter

to drop its core and connected contacts,
thereby disco‘nnecting the entire system from
the source of electrical supply and at the
same time connecting the extra field @
through the contacts 39 directly across the
motor armature, the dynamic braking action
being at its maximum. The stop switch 5
is_only opened in case of emergency, as
when the other switches. 1, 2, 8 and 4 re-
fuse to perform their proper functions, and,
under ordinary conditions, it is never
brought into operation, the operation of the
switch 4 being all that is necessary to stop
the car automatically at the broper position.
The operation of the emergency switch T

or the slack cable switch I at any point of.

the car travel opens the circuit of the poten-
tial switch magmet 83 and stops the car with
maximum dynamic braking power, and in
some ‘cases I contemplate including the
emergency switch T and slack cable switch
I in the circuit through the automatic stop
switches 2 and 2’ so0 as to have the friction
brake applied instantaneously with maxi-

M power, as well as the dynamic brake
action. :

The operation of the entire system when

the car is descending is similar to its opera-

tion when the car is ascending. In the for-
mer case the manually operated switch 3
is moved to the left, thereby energizing the
reversing swiich R’ which operates to start
the motor in an opposite direction corre-
sponding to a descending car. As the car
approaches its lower limit of travel the
counterweight, or rather the cam W carried
thereon, operates the automatic stop switches
132,38, 4 and 5 in succession to slow
down and finally stop the car at the desived
lower limit of its travel in g manner simi-
lar to that before described in connection
with an upwardly moving car.

From the foregoing description it is
readily seen that the desired distinction or
refinement between the manually . effected
stop and the automatic stop af

‘accompanying the same shows a

Bimits is ae-
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complished in a simple and effective manmer
without the use of 3 complicated system of
electrical ecircuits or mechanical devices
which are Hable to disarrangement and un-
certain operation at eritical moments.

While the principles involved in my in-
vention are clearly set forth in this dpplica-
tion for Letters Patent, and the illustration
preferred
arrangement of electrical circuits and ap-
paratus embodying my invention, the same
admits of -wide variation in the construc.
tion and arrangement of parts and of elec-
trical circuits without departing from the
spirit and scope of my invention as herein
set forth, and I desire not to be limited to
the precise arrangement. of parts as here
shown,

What I claim as new and desive to se-
cure by Letters Patent of the United States
18 t—

1. In 2 controlling system, the combina-
tion with an electric motor, of .retarding
mechanism therefor, automatic means for
effecting the operation of said mechanism,
and manually controlled means for effecting
the operation of said mechanism with g
different degree of power.

2. In a controlling system, the combina-
tion with an electric motor, of a retarding
device therefor, automatic and manual
means for effecting the operation of said
device, and means for reducing the opera-
tive power of said device when controlled
manually. ' _

3. In » system of motor control, the com-
bination of an electric motor, resistance in
a circuit in parallel to the motor, an elec-
treresponsive device for varying said resist-
ance, and a plurality of means for effecting
the operation of said device to an extent
depending on which of said means is oper-
ated. : ‘
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4. In a.system of motor control, the com-

bination with an electric motor, of resistance
in a circuit in parallel to the motor, electro-
magnetic apparatus for varying said re-
sistance, a plurality of circuifs for said ap-
paratus, and means for impeding the current
in one of said cireuits and thereby control-
ling the extent of operation of said electro-
magnetic apparatus. .

5. In a system of motor control, the com-
bination with an electric motor, of resistance
in a circuit of the motor, an electro-respon-
sive device for effecting a variation in said
resistance, a plurality of circuits for said
electro-responsive device each arranged to
receive current proportional to the voltage
of the motor armatnre, resistance in one of
sald last-named circuits, and devices for
opening and closing the circuits.

6. In a system of motor conirol, the combi-

nztion with an eleciric miotor, of sectional
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resistance in a circuit of the motor, an elec-
tro-magnetic device for short-circuiting one

oor more sections of the resistance, a plurality

of circuits for said electro-magnetic device
each adapted to receive current proportional
to the voltage at the terminals of the motor
armature, means for reducing the current
strength in one of said last-named circuits
below that of the other for a predetermined
voltage of the motor armature, and devices
for opening and closing the circuits.

7. In a system of motor control, the com-
bination with an electric motor, of a dy-
namic brake ecircuit, including resistance
means for eflscting a variation in said re-
sistance . substantially proportional to the
speed of the motor, and a second means for
effecting a different variation in said resist-
ance also substantially proportional to the
speed of the motor. ‘

8. In a system of motor control, the com-

bination with an electric motor, of a dy-

"~ mnamic brake circuit therefor, resistance 1n

25.

30

said circuit, automatic means for redacing
the resistance to amounts varying inversely
with the speed .of the motor, and manual

"means for effecting a similar reduction of
the resistance but to a different extent for

any given speed of the motor. :

v

9. In a system of motor control, the com-

- bination with an electric motor, of a dy-
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namic brake circuit therefqr, sectiunal re-
sistance in said circuit, an electromagnet,
switches controlled thereby for successively

short-circuiting sections of said resistance,

a plurality of circuits for the. electromag-
net, a switch in each of said last-named cir-
cuits, automatic means for opening and clos-
ing one of sald switches, a manual device
for effecting the opening and closing of the
other switch, and a resistance in the manu-
ally controlled circuit, - ,

~ 10. In a system of mctor control, the com-
bination with a motor, of an -electro-dy-
namic brake therefor, mechanism for vary-
ing the power of said brake as the speed of
the motor varies, automatic means for bring-
ing said mechanism into operation, manual

‘means for bringing said mechanism into op-

eration, and a device for rendering said
mechanism less effective when controlled by
the manual means. o '

11. In a system of motor control, the com-
bination with an electric motor, of a dy-
namic brake circuit including resistance in
parallel to the armature of the motor, and
automatic means for increasing and de-
creasing said resistance substantially in in-

7

verse proportion to increase and decrease in
the speed of the motor. . :

12. In a system:ef motor control, the com-
bination with an electric motor, of a sec-
tional resistance in a dynamic circuit across
the motor armature, a plurality of switches
controlling short circuits across sections of

the resistance, and means for opening and "

closing &aid switches in a predetermined

.order and at predetermined speeds of the

motor and thereby maintaining a short cir-
cuit .across an amount of sald resistance
varying directly as the speed of the motor.
13. In a system of motor control, the com-
bination with an electric ‘motor, of a sec-
tional resistance in a dynamie circuit of the
motor; a plurality of switches controlling
short circuits across sections of the resist-
ance, and a device for épening and closing
one or more- of said switches in unison
with fluctuations in the speed of the motor
and thereby increasing the resistance in said
circuit as the speed is reduced and reducing
the resistance when the speed is increased.
14. In a system of motor control, the com-
bination with- an electric motor, of an elec-
tro-dynamic brake circuit connected across
the armature and normally open when the
motor is running, sectional resistance in said
circuit, means for closing the dynamic cir-
cuit, and mechanism for short-circuiting a
number of sections of resistance propor-
tional to the speed of the motor and again

introducing sald sections of resistamce suc-.

cessively as the speed. of the motor falls be-
low predetermined- limits,

15. In electrical controlling mechanism,

the combination with an electric motor, of
an electromagnetic brake coil, a resistance
in a circuit in parallel therewith, circuits
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and connections for supplying current to

sald parts, a series of switches, means for
successively operating said switches at a
predetermined period in the operation of

100

the motor, means controlled by the first =

switch for effecting a reduction in the speed
of the miotor, a succeeding switch of the se-
ries effecting the opening of the resistance
circuit, and means controlled by a third
switch of the series for cutting off the sup-
ply of current to the motor and brake coil.
¢« In testimony whereof, I have signed my

name to this specification in' the presence of

two subscribing witnesses.
: JOHN D. THLDER.
Witnesses: ' :
C. Buixx,
Joan R. Evers.

Copies of this patent miay be obtained for five cents each, by addressing the * Commissioner of Patents,

Washington, D. C.”
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