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To all whom it may concern:

~a citizen of the United

10

'981,806.

tion

RUDOLPH C. SMTTH. OF YONEERS, NEW YORK, ASSIGNOR TO OTIS BLEVATOR, COMPANY,

OF JERSEY CITY, NEW JERSEY, A

CORFORATION OF NEW - JERSEY.

- TRACTION-ELEVATOR CONTROL.

_Spe‘ciﬂcﬁtion of Letters Patent. Patented Ja,li,_ 17,;. 1911.
- Application filed September 23, 1907, Serial No. 394,178, .

Be it known that I, Ruborer C. Smits,
, States, residing at
Yonkers, in the county _
State of New York, have invented a new
and useful Improvement in Traction-Ele-
vator Control, of which the following is a
specification. '

My invention relates to motor controlling

apparatus, particularly that used for trac-
elevators or frictional driving appa-

.

- ratus, although it may have a general ap-
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plication.

Ong of the objects of my invention is the

provisioni of improved and efficient. appa-
~vatus for controlling electric motors.
The specific objects of the invention will

appear hereinafter, the novel combinations
of elements being set forth in the appended
claims. S o _

~In the accompanying drawings, Ifigure 1
represents a traction elevator system to
which my invention may be applied; and
I1g. 2 represents a wiring diagram and a
system of control including my invention.

- Referring to Fig. 1, C designates an ele-
vator car which may be suitably guided to

move up and down in the elevator hatchway

or elevator well in the nsual way. S desig-
nates a controlling switch in the

are the cables which are secured to the
of the car and extend upwardly over the
frictional driving- sheave or drum 2 and
thence downwardly over the direction sheave
3, upwardly over the sheave 2 and finally

downwardly to the counterweiocht W which ,

=

1s associated with the fixed guides 4, 4. In

'some Instances the driving sheave 2 may be

at the lower end of the elevator well, in-

- stead of at the upper end as shown.  Fur.
- thermore, the sheave 8 for

tional friction may
It should be noted that this sheave 3 is pref-

r securing addi-
sometimes be omitted.

erably placed at one side, so as to act also

as a defiection sheave for the cables extend-

ing from the car upwardly or those extend-
ing downwardly to the counterweight.,
Arranged in the path of travel of a mov-

ing part of the elevator, in this instance

the cams 5-and 5’ carried by the car, are a
series of limit switches 6 at the upper limit
of travel of the car and a series of additional
limit switches 6’ at the lower limit of the
car travel. - T

of Westchester and

car, and
SW a manual safety switch in the car, 1 |
top

FSM the fast speed magn _
17, 18, 19 and 20 and 21, 22, 23 and 24 are
‘speed controlling switches arranged to be

tion sheive 3 are provided with fixed bear-

ings 7, 7 at the upper end of the hatchway
or elevator well.

_ Adjacent thereto is the
fixed bed-plate 8

are provided with bearings

The journals of the shafts of the direc-

for the electric motor M

and for the standards 9, 9% and 10. The
| standards 9, 9’ |
- for the motor shaft 11, to which aré con-

60

nected the driving drum 2 and the brake -

pulley 12, To the standard 10 are pivoted
the brake bands 18 which carry the brake

shoes arranged to be brought ‘against the

pulley 12 by the brake
leased therefrom by the electro-magnet 15.
The latter may be supported by a bracket
16 fastened to and extending from the upper-
most end of the standard 9. It shoul
understood that the
paratus associated

springs 14 and re-

frictional driving ap-
with" the power trans-

‘mitting cables connecting the car and

counterweight may be varied in details and

arrangement as desired; so also the brake
| apparatus and the type of the motor. Pref-

erably, however, the motor is of the multi-

| poldr type with a series connected armature

and a shunt field. On account of the slow

o
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sfo_

motor speed, and consequent small momen-

ture up to full speed. | _
B designates the controller board of slate
or other insulating material

circuits and connections illustrated in Fig. 2,
14 1s the main line switch for controllin
the-continuity of the main circuit from the

source of current supply through the main

lines a, b. | o
P designates the potential switch, R, R’
the reversing switches, A

potential safety magnet,
SESM the shunt field safety magnet, and
et. |

operated by electro-magnets.

Similar characters og reference are used
on both figures of the drawing.

Referring now to Fig. 2, it will be seen
that in addition to the parts already men-
tioned there are represented a governor G
for controlling the shunt field - resistance
SFR. and the
switch 25 whic

—

may be associated with

the accelerating
magnet, ALM the auxiliary load magnet,
EPSM the excess

yotential switch P: also a .

tum of the armature, comparatively little -
-power 1s needed for accelerating the arma-

89

for carrying
most of the switches, electro-magnets, and the
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sufety apparatus carried by the car and com-
prising clamping jaws associated with the

car guide rails. 15’ designates the main

brake solenoid, and 26 designates an elec-

tric switch operated by movement of the
plunger 27. 28 designates the shunt field
winding, 29 the motor armature, 30 the
main or maximum starting current resist-
ance, 31 the minimum starting current re-
sistance and 32 the by-pass resistance. 83
and 83’ are auxiliary switches associated

with the reversing switches to control the

brake magnet. 34 and 34" designate limit
switches which are operated when the car
ooes beyond its normal limits of travel.
When the motor is at rest I prefer to have
the shunt field winding 28 connected in se-
ries with the shunt field resistance SKR, so
that when the main line switch L is closed
as indicated a circuit may be traced from
the positive main ¢ through the blade 35,
conductors 86, 37, shunt field resistance
SIFR, shunt field winding 28, conductor 38,
shunt field safety magnet SI'SM, conductor

89, conductor 40, switch blade 41, out to

the negative main 4. The shunt field will

therefore be permanently excited, but 1its

strength will vary according to the amount
of the resistance SIFR and the potential
across the mains. The shunt field corre-
sponding ¢ full car speed 1s left on per-
manently for the sake of safety, and also to
prevert too sudden acceleration with heavy
load on down motion of the car or light
load on up motion.

Connected across the shunt field winding
28 is a high resistance 42 to take up the
shunt field discharge in the event that the
shunt field circuit should be interrupted.
This high resistance is shown variable, for
the reason that it may
sired. Some of the other resistances in Iig.
2 are also shown as variable to indicate that
they may be omitted 1f desired. '

On account of the self-induction in the
shunt field and the retarding effect when
solid steel poles are used in the motor, it 1s
possible to make a whole change in the ex-

citation in the shunt field in one step with-

out any jar or too sudden change 1n speed.
The shunt field resistance SFR being in-cir-
cuit with the shunt field winding when the
motor is at rest, the field will be compara-
tively weak, and it will therefore take suth-
cient time for the shunt field to build up to
its full strength to insure the acceleration
of the motor not being too sudden and there-
fore insuring a smooth-and easy start of the
car. f _

The construction of the motor 1s such that
the constant losses are small and the efh-

. ciency of the motor therefore high at light

65

Joad, the maximum efficiency occurring at
about one-half load whieh 1s about the av-
ernge load in general elevator practice.

]

be omitted 1f de- |

981,808

Almost all losses in the motor at. full load
are in the armature winding., The resist-

‘anece of the latter can therefore "be com-

paratively high, which permits a saving
of copper but still maintaining high efli-
ciency. The purpose of the high arinature

resistance, furthermore, is to reduce the

number of accelerating magnets necessary to
short circuit or cut out the starting resist-
ance, and also to decrease liability of injury
to the armature in case the full line voltage
were applied by a faulty operation of the
controller, or othérwise, directly to the
brushes of the armature while the latter 1s
at a standstill. | |

The car switch S is preferably like that
shown in the patent to Carichoff, No. 772,086,
oranted October 11, 1904, for an improve-
ment in electric elevator apparatus, although
any other type of switch may be used 1t de-
sired, the one herein shown being merely for
illustrative purposes.

43 designates the controller lever which 1s
pivoted at 44 and connected thereto so as
to oscillate therewith is the arc-shaped rack
45 which 1s in cngagement with the gear
46. The latter is pivoted to the casing and
is operatively connected to the conducting
segments 47 and 48, the former being ar-
ranged to move into engagement with the
fixed contacts or spring-pressed contacts 49
and 50 and the latter Eeing arranged to
engage the fixed contacts or spring-pressed
contacts 51, 52, 53, 54, 55, 56, 57 and 517,
527, 537, 547, 55’7, 56" and 57’. It will there-
fore be seen that when the lever 43 1s moved
in the direction of the arrow marked “ Up”
the segment 47 will engage the contact 49

“and the segment 48 will engage one or more

of the contacts 51 to 57, inclusive.
Let it be assumed that the main line switeh

L is closed, as also the potential switch 17,

and that there is proper potential across the
mains for the desired operation of the elec-
tric motor. Then if the lever 48 1s moved
for operating the car in the up direction seg-
ment 48 will first engage the contact 51, and

‘thereafter or at substantially the same time

seement 47 will engage the contact 49, when
a circuit will be closed from the positive
main ¢ through the blade 35 and conductor
36, and thence through the fuse 58, blade 59,
contact 60, conductor 61, limit switches 62,
62’, conductor 63, resistance 64, individual
switch 65, solenoid 15’ of the brake magnet,
conductor 66, contact 51, segment 48, plate
67, segment 47, contact 49, conductor 68,
switch 25, conductor 69, blade 70 of the
safety switch SW, conductor 71, fuse T2,
conductor 73, contact 74, blade 75 of the
potential switch P, conductor: 40, blade 41
of the main line switch L, out to the nega-
tive main 5. The relative position ¢f the
contact 49 is shown however, such that seg-
ment 47 does not engage the same until the
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gment 48 en the contact- 52, so that
the brake apparatus will be released.sub-
stantially at the same time that the revers-
Ing switch istoperated to establish the motor
circuits in a ditection correspending to the

2

78, contact T4,

b |

69, blade 70, conductors 71,

‘blade 75, and thence to the negative main..

It will therefore be seen that.a path is es-
tabhshed 1n.

and that therefore the latter is. short cir-

parallel: to the resistance 64

70

90, 88, conductor 97, contact 119, switch 33”, |

~conductor 120, individual switch 121, and
- through the brake solenoid 15’ and thence
by conductor 66 to contact 51, plate 67, con-

tact 49, conductor 68, switch 25, conductor ' the brake magnet energized so that the brake 3186

brake magnet circuit the counter-electro-

desired direction of the car. When the seg- | cuited so that the brake magnet-is not op-
ment- 48 engages the contact: 52, a circuit | erated until the- reversing switch. R’ is
may be traced from the positive main a to | closed. As soon as the brake magnet is op-
and :through the blade .59, conductor 76, re- | erated the switches 65 and. 121 are opened
~sistance 77, conductors 78; 79, limit switch | to insert the resistances 128 and :124:inthe
- 80, conductor 81; the solenoid 83 :of the elec- | respective branches of the brake magnet 72
tro-magnet for- operating the switch R’, | circuit leading from the positive main to
conductor 84; limit-switch 85, conductor 86, | the junction 122. It should be noted there-
contact- 52, plate 67, contact 49, conducter | fore that the resistance 64 may be sufficient
68, switch 25, conductor- 69, blade 70, con- | to prevent the brake from being released =
ductors 71, 73, contact 74, and thence to the | when. the controlling switch in the car 1s 30
negative main. It will now be seen that | initially operated, and that not until the re-
the brake magret solenoid 15" is placed | versing switch R’ is operated does the brake
- across the mains with the resistance 64 in | magnet solenoid receive sufficient: current.to
series therewith and that the solenoid 83 is | operate the brake apparatus. After the
placed across the mains. When the latter | brake has been operated, however, the resist- 85
recerves. current it will actuate its core or.| ances 123 and 124 are inserted in series
plunger 87, and thereby lift the contacts 88 | therewith so as to minimize the consunip-
- and 89 into engagement with the contacts 90 | tion of current after the brake magnet has
26- and ‘91, respectively, and separate the con- | done its work, as it requires Iess power for 920
tacts 92 and 93 from the contacts 94 and 95. | the brake magnet to hold its plunger in its =
The moter circuit indicated by the heavy | uppermost position, and consequently the
Iines will now be closed and may be traced | brake mechanism in released position, than |
from the positive main to conductor 76 and-| to initially lift the'said plunger and actuate
30 thence through the windings of the blow- | the brake mechanism connected thereto. Tt 95
out coil 96, contacts 90, 88, conductor 97, | should also be noted that the terminals of
contacts 98, 99, conductor 100, minimum | the brake magnet circuit are at the contacts
starting resistance 31, conductors 101, 102, | 60 and 74 which are isolated with respect
~ brush 103 of the motor armature 29, brush | to the other contacts of the potential switch
35 104, conductors 105, 106, coil 107 for hold- | P, so that when the latter is opened the 100
- 1ng the plunger 108" in its lowermost posi- | brake magnet cirenit will be entirely dis-
tion to secure firm connection between the | connected from both mains and also from
contacts 98, 99 and contacts 108 and 109. | the motor. The brake magnet. is therefore
Thence the circuit continues through the | entirely disconnected from any possible
) latter contacts and by conductor 110 to and | source of current which would tend to hold 105
through conductor 111, main starting re- | the brake mechanism released, for instance,
sistance 30, conductor 112 to the blade 75 | when the motor acts as a generator although
which is connected to the negative main. | the potential switch is open. This arrange-
From the junction 113 a shunt path leads | ment insures the application of the mechani-
by conductor 114 through the plurality of | cal brake to stop the motor shaft and the 110
blow-out coils 115, the series of closed | frictional driving drum connected thereto,
switches 24, 23, 22 and 21, conductor 116, | in any event. . S
section 117 of the by-pass resistance 32, and The 1nsertion of the resistances in series
thence by conductor 118 to the motor arma- | with- the brake magnet coil decreases the =~
0 ture braush 104. Tt will now be seen thet | amount of current taken by the brake mag- 335
~ the starting resistances 31 and 30 are placed | net, thereby lessening the current consump-
- In series with the motor armature and that | tion and decreasing heating. Furthermore,
- the section 117 of the by-pass resistance 82 | when the resistances are thus inserted the
1s placed 1n shunt to the motor armature. | magnet will release the brake apparatus
9% When the switch R’ is closed the auxiliary | more quickly when the current from the 120
-switch 33" 1s also closed, in this instance be- | mains thereto is interrupted. In order to
- 1ng connected to operate substantially at the | apply the brake shoes gradually the motion
-same time.. The circuit controlled by the | of the magnet cores is electrically retarded
.o Switch 33" may be traced from the positive | by shunting the brake coil with -the high re-
50 main to and through conductor 76, contacts | sistance 125." Upon the interruption..of the 185

motive force of self-induction of the brake .

magnet will produce a current through: the
resistance 125. This will tend to. maintain
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shoes will be applhed gradually. Such brake
resistance around the brake magnet may be
a varlable resistance, or omitted if desired,
or such resistance may be in an open circuit
and automatically controlled to produce the
effect desired at the proper time. In order

nism when the brake-magnet is energized the
plunger or core of the latter is preferably
slotted longitudinally.

When the main line switch L 1s closed and
current flows through the shunt field resist-
ance DEFR and the shunt field winding 28,
the shunt field safety magnet will also re-
ceive current to close the switch 126 which
controls the continuity of circuit of the mag-
net 127 which holds the potential switch 1n
closed position. The circuit controlled by
the switch 126 may be traced from the
junction 128 through conductor 129, switch
130, conductor 131, switch 126, conductor
182, individual switches 133 and 134, con-
ductor 135 and the resistance 136 therein,
and thence through the electro-magnet 127,
switch 137, conductor 138, . individual
switches 139 and 140, conductor 141, gov-
ernor switch 142, conductor 143, blade 144 of

‘the safety switch SW in the car, conductors

71, 73, to the contact 74. It will therefore
be seen that this circuit is connected across

the positive and negative terminals and in-
cludes the switches 130, 126, 137, 133, 134,

. 142, SW, and the electro-magnet 127. The

35

40

~ predetermined value such that the operation
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opening of any one of these switches, there-
fore, will effect the deénergization of the po-
tential switch magnet 127 and the conse-
quent opening of the potential switch which
will cause a slowing down and the stopping
of the motor and the car. If the current
through the shunt field should decrease to a

of the car should become unsafe and that the
speed would tend to become excessive, the
shunt field safety magnet SI'SM would not
have sufficient strength to

latter the potential switch magnet 127 would
be deénergized, with the result already
stated. Ifurthermore, 1f the car should
travel beyond its normal limits of travel the
cam H on the car would strike the roller on
the lever operating the switch 84 on up mo-
tion or on the roller of the lever for the
switch 34" on down motion, and therefore
either the switch 133 or 134 would be opened
and consequently the circuit of the potential
switch magnet interrupted. Should the op-
erator in the car lose control of the hoisting
apparatus, the opening of the safety switch
SW in the car would also open the potential

~ switch magnet circuit and cause the stopping

of the car. -If during the normal running
of the car the speed should exceed a prede-

termined limit, the governor device G would | sw. .  shu
.open the switch 142 to break the circuit of | is immediately short circuited, and therefore

malntain the
switch 126 closed. Upon the opening of the

73 and finally

the potential switch magnet and thereby

bring the car to rest.

Should the potential applied to the mains
a and & from the source of electric current
supply exceed a predetermined limit then

| - the excess potential safety magnet KI’SM
to effect a quick release of the brake mecha- | ]

would be sufficiently energized to open the

switch 130 and thus break the circuit of the

potential switch magnet. The circuit for the
magnet KPSM may be traced from the junec-
tion 128 through the conductors 129, 145,
solenoid 146, resistance 147 and conductor
73 to the contact 74. The solenoid 146 is
therefore connected across the mains. It
should be noted that when one of the limit
switches 34 or 34’ 1s operated to opened po-
sition both terminals of the potential switch
magnet 127 are entirely disconnected from
other conductors so that there will be no pos-
sibility of maintaining the magnet 127 ener-
gized by the motor acting as a generator.
Should the main line current bécome inter-
rupted while the motor 1s operating, the lat-
ter might be converted into a generator and
tend to supply current to the potential
switch magnet 127 to hold the potential
switch P closed, but the current through the
shunt field safety magnet SFSM will be de-
creased at this time to permit the opening of
the switch 126 so that the circuit of the po-
tential switch magnet will be interrupted,
with the consequent effect of stopping the
car gradually. Should it happen, however,
that the switch 126 1s not opened before the
car gains excessive speed or before the motor
acting as a generator furnishes suflicient cur-
rent to the ma

75

80

85

90

95

100

gnet SESM to cause the lat-

ter to hold the switch 126 closed, then the

excess potential from the motor as the same
speeds up will operate the magnet EPSM.
The switch 130 will be opened %y the latter
and the motor stopped. Should the acquired
speed become excessive then the governor
will be operated. This 1s the preferred ar-
rangement but the order of operation may be
varied by readjustments, as desired.

Upon the closing of the reversing switch

R’ 1n the manner heretofore stateﬁ, a CIr-
cuit will be immediately closed through the

fast speed magnet FSM from the conductor

97 through the conductor 148, resistances

149 and 150, solenoid 151, conductor 152, to

the junction 153, and thence by the conduc-
tor 69 to the blade 70 of the safety switch
SW and through the same to conductors 71,

to the contact 74. The fast
speed magnet FSM will therefore be con-

nected across the mains and wil]l operate the
switch 154 to close the same and short cir-

cuit the resistance SFR which is divided
into two sections 155 and 156, but the switch
154 controls the entire resistance. It 1is
therefore evident that when the reversing
switch is operated the shunt field resistance

105

110

115

120
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after the brake apparatus has been released,
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by-pass resistance

and the shunt field resistance short circuited,
the shunt field will be at 1ts maxmum
strength, all the series resistance witl be 1

cirguit with the motor armature and most
~of the Dhy-pass resistance short circulted,

Henee when the lever 43 of the car switch
S is moved in the direct’on of the up arrow
and the contacts 51, 32 and 49 are electri-
cally connected together, the motor may
start at slow speed and will continue to
operate at such speed until the lever re-
ceives additional = actuation to cause the

segment 48 to engage the contact 3. When
this occars a civeuit will be closed from the

positive wmain through the conductor 16,

eontacts 90, 88, conductors 157, 138, solenoid

159, vesistance 160, conductor 161, limit
switeh 162, conductor 163, contact o3, ear
switch plate 67, contact 49, conductor. 68,

switeh 25, blade 70, conductors 71, 73, to

contact 74 and thence to the negative mam.
When the solenoid 159 is thus supplied with

~currvent it will Tift its plunger 164 and close

the switch 17 and open the switch 21. - 'The
opening of the switch 21 will ingert an addi-

tienal section 165 of the by-pass resistance

in parallel to the motor armature, and the
closing of the switeh 17 will short circuit

a section 166 of the minimum starting re-

sistance 31. The motor will therefore in-
crease in speed to another predetermined
value. When the switch 17 is closed the
auxiliary contacts 1067 and 168 are brought
inte engagement with each other so that
when the lever 43 receives an additional
movement to bring the plate 67 into engage-

ment with the contact 54, the next solenoid

160 will receive current to close the switch

18 and open the switch 22. The remalning

secticn of the minimum starting resistance

31 will therefore be short circuited and an

additional section of the by-pass resistance

inserted.  The closing of the switch 18 will

permit the closure of the switch 19 when the
plate 67 engages the centact 9693 and the
closure of the switch 19 will permit the
solenoid 170 to recéive current to close the
switch 20 and open the switch 24 when the
plate 67 engages the contact 56. Upon the
closure of the switch 19 the solenoid 159
receives cnrrent independently of the car

gwiteh through the eireuit from the positive

main threugh the reversing switch R’ con-
ductor 158, solenoid 159, resistance 160, con-
ductor 171, contacts 172, 173, conductor 174,

switeh 25, conducter 69, blade 70, conductors
{o the contact 74 and thence to the
When the switch 19 1s

negative main. _ ‘
closed and the switch 23 opened the entire
is inserted across the
armature, and when the switch 20 is closed

and the switch 24 opened the by -pass re-

sistance circuit is entirvely interrupted.
When the switch 20 1s closed the circuit

1

wages the contact 57.

governor

' of the accelerating magnet A 1s closed across

the armature when the switch plate 67 en-
| This circuit may be
traced from the armature brush 103 through
the conductors 102, 175, contacts 99, 98, con-
ductors 97, 176, resistance 177, accelerating
magnet A, switch 20, conductor 175, section

179 of the main starting resistance 350, con-

ductors 111, 110, contacts 108, 109, solenoid
107, and conductors 106, 105 to the other
armature brush 104, Now after the by-pass
resistance cireuit has been opened the motor
will increase in speed while the accelerating
magnet is connected “across the armature.
Associated with the accelerating magunet are
a0 ceries of switches 180, &e., for gradually
cutting cut the main starting resistance as
the motor increases in speed in the well
known manner.
closed an auxiliary switch 181 is also closed
o0 ag to short circuit the fast speed magnet
FSM and cause the latter to open the switch
controlled thereby and thus insert the shunt
field resistance SFR and still further in-
crease the speed of the motor by weakening

+the shunt field. The short eireuit around the

solenoid 151 may be traced from the junc-

| tion 182 through the conductor 183, switch

181, conductor 184; the auxiliary contacts
of the switch

switch 25, conductor 69, to the junction 153.
The motor, hoisting apparatus and car will
now operate at full speed, but if this speed
should exceed a predetermined value the

will clase the switch 186 and.
thus short circuit the section 155 of the shunt
field resistance by the conductors 187 and
188. The short circuiting of the section 155
will have the effect of strengthening the

| field and thus slowing down the motor. If,

however, this slowing down is not sufficient
the continued speeding .of the car-will cause
the governor G to open the switch 142 after
the switch 186 has been closed. As before
explained, when the switch 142 1s opened
the circuit of the potential switch magnet
127 is interrupted, and when this occurs the
potential switch will drop open and the con-
ductor 189 connected thereto will electrically
connect the clips 190 and 191. This will
close a short circuit or local circuit across

70)

75

80

When the last switeh 18

85

90

20, conductor 185, contact 57, 95
switeh plate 67, contact 49, conductor 68,

100

10

110

115

the motor armature through the conductors .

102, 192, 118, 103, and a small section of the
by-pass resistance 32. This will cause an
electro-dynamic braking action to slow
down the motor while the mechanical brake
is being gradually applied, the contacts 60

“and 74 being entirely disconnected from any

source of current supply when the potential

gwitch P is opened.

I prefer to permanently connect the shunt
field terminals between the main line switch
L. and the potential switch P so that a weak
shunt field is left on continuously to lessen
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the lability of accidental opening of the
field eirenit, and, turthermore, leaves the
shunt field excited even when the potential
switch opens, thereby always Insuring a strong
electro-gynamic braking effect in bringing
the car automatically to a gradual stop.. It
should also be noted that when the potential
switch I opens and the current is cut off
from the electro-magnets controlling the
switches 21, 22, 23 and 94 a local circuit 1S
also closed from the armature brush 103
by way of conductors 102, 114, switches 24,
23, 22 and 21, conductor 116, section 117 of
the by-pass resistance 32, conductors 118,
109, to the other armature brush 104. The

local armature circuit just traced insures-

additional electro - dynamic braking action
upon stopping and also when the car switch
15 moved back toward central position to
recuce the speed of the motor. If should be
particularly noted that not only are the ter-
minals of the brake magnet at the contacts
60 and 74, but that the negative terminal
of the reversing switch magnet solenoidg
and of the speed controlling solenoids are
also at the contact 74, so that when the po-
tential switch is opened all current 1s en-
tirely cut off from such solenoids. '

The circuits thus far traced have been
upon-the operation of the lever 43 in the di-
rection of the up arrow for the operation of
the reversing switch R’, but it will be ap-

- parent that upon movement of the lever 43

in the direction of the down arrow the re.
versing switch R will be operated to estab-
lish motor circuits in the opposite direction,
but the successive operation of the speed
controlling electro-magnets and the conse.
quent insertion of the by-pass resistance and
the cutting out of the minimum starting re-

sistance will be the same, and that finally

45
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1ng of the switch
cutt of the accelerating magnet, and conse-

the accelerating magnet will gradually cut
out the starting resistance and cffect the
operation of the fast speed magnet to insert
the shunt field resistance, |

After the switch lever 43 has been maqved
to 1ts extreme limit so that the plate 67 en-
gages the contact 57 and it is desired to re-
duce the speed of the car the segment 48 is
moved off the contact 57 but still left in en-
gagement with the contact 56. The short
circuiting path around the fast speed may-
net will thereupon become broken and the
latter will therefore again be energized to
short circuit the shunt feld resistance and
thereby strengthen the field and catse the
motor speed to decrease. Further niove.
ment ot the switch lever 43 toward central
position leaving the segment 48 in engage-
ment with the contact 55 will effect the -
terruption of the circuit for the solenoicd 170
and the consequent opening of the switch 20
and the closure of the switch 24. The open-
20 will interrupt the ecip-

‘opening of the switch R’.

-switeh 8387
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quently- the entire maximum starting re-
sistance 30 will be reinserted . in series with
the motor armature. The closure of the
switch 24 will insert the entjro by-pass re-
sistance 32 across the motor armature. This
will still further reduce the speed of the
motor. Upon the movement of the segment
48 off the contact 55 the circnit of the sole-
noid 193 will be Interrupted to open the
switch 19 and close the switch 23.  This
cperation may insert a section of the nini-
mum starting resistance or by the closure of
the switch 23 only short circuit a ‘portion
of the by-pass resistance, with the result of
still further reducing the speed of the motor.

Upon the segment 48 leaving the contact
94 the circuit of the solenoid 169 will Dbe
interrupted to effect the opening of the
switch 18 and the closure of the switch uu.
The opening of the switeh 18 wil Insert in
series with the armature g portion of the
minimum starting resistance and the closure
of the switch 22 will short cireuif an addi-
tional section of the by-pass resistance.
When the segment 48 Jeaves the contact 53
the circuit of the solenoid 159 s broken, the
path from the conductor 174 having alreadv
been broken by the opening of the switel 19.
The switch 17 will therefore open to insert

the remaining section of the minimum start-

Ing resistance and the switch 91 will close
to short circuit the section 165 of the by-
pass resistance, leaving onlv the section 117
in shunt to the armature, When the switch
plate 67 electrically connects the three con-
tacts 49, 51 and 52, the minimum by-pass
resistance is connected across the armature
and all of the starting resistances are con-
nected in series with -the motor armature
and the shunt field resistance is short cir-
cutted, so that the motor will ran at nimi-
mum speed at such time.
When ‘the car switeh is
central position to stop the motor and the
segment 48 Jeaves the contact 59 the cireuit
of the reversing switch solenoid 83 will be
interrupted and the main line current

ply to the motor therefore cut off upon the
At the same time
that the reversing switch R’ is opened the
1S opened, therchy mterrupting
the path including the conductor 190 and
the resistance 194. Preferably when the
segment 435 leaves the contact 52 the segr-
ment 47 also leaves the contact 49, so that

when the switch 33/ ig opened the circuit

of the brake magnet is also opened, and as

heretofore explained,if the shunt resistance
125 1s employed the brake shoes will be ap-
plied gradually. Preferably the switches
33 and 33’ comprise contacts separated or
1solated from the reversing switch contacts

8o that the counter-electro-motive force of

the armature

cannot effect the energization
of the brake

............

moved toward

sup-
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holding off of the braké apparatus. It will

10

981,808 B 2

be evident, however, that after the segment
48 leaves the contact 52, the contacts 49 and
51 may still be electrically connected by the

switch plate 67 and the brake magnet still

receive current through the resistances 64
and 123.. If this current is sufficient the
brake apparatus will still be held in re-
Jeased position, but it will be seen that when
the reversing switch R’ is opened the local

~ circuit including “the armature. and the

15
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minimum starting resistance 1s closed to es-
tablish an electro-dynamic brake -circuit.
This brake circuit may be traced from the
brash 103 through the conductor 102 to the

junction 113, and thence through conductor

101, resistance 81, conductor 175, contacts
93, 93, conductor 110, contacts 108, 109, hold-
ing solenoid 107, conductors 106, 105, to the
brush 104 ; also through conductor 100, con-
tacts 99, 98, conductor 97, conductor 157,
contacts 92, 94, solenoid 87 and conductors
194, 105, to the armature brush 104. 'There-
fore the electro-dynamic brake may be ap-
plied either while the mechanical brake 1s

being applied or before the same 1s released

to permit its application. In the latter
event when the circuit of the brake magnet

is interrupted at the contact o1 the cur-
rent will be reduced from a value dependent

upon the resistance 64. The higher this re-
sistance, the less current will be flowing for
holding the brake in released position, but
when the cireuit is interrupted the current

will be reduced to the point where the sole-
noid 15° will release its core in a shorter

space of time than if the resistance 63 were

lower, it being understood -that the brake

~slioes are retarded nevertheless, due to the

40
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~ plate 67 off the contact 56. The next limit. |
switch to be operated by the cam 5, 1s that
“designated 196 which effects a further re--
duction in speed of the motor as explained |

69- when the segment 48 leaves the contact 54

local current in the brake solenoid, while

—_

“being applied.

The series of limit switches 6 and 6" are

so connected to the car switch that they will

have substantially the same effect as the
movement of the car switch from its extreme
1)051t10n to its limiting position. These

limit switches .are arranged to be operated

by some moving part of the hoisting appa-
ratus and in this instance T have shown them

" arranged 1n the hatchway so as to be oper-

ated successively by cams 5, 5’ carried by
the car. When the car approaches the up-

per limit of 1ts travel the switch 195 will be

opened first by the cam 5 which has the
same effect as the moving of the switch

of the car switch. When the switches 80
and 85 are opened both terminals of the re-

~ versing switch solenoid 83 will be discon-

65

_ nected from any source of current supply

‘and the brake magnet deénergized sufh-

ciently to cause the application of the brake
apparatus to positively. stop the car at its
apper limit of travel. Or in case the path

including the resistance 64 is employed, an.

additional limit switch 62 is opened upon

farther movement of the car after being

slowed down to very slow speed. The open-

ing of the switch 62 will entirely discon-
nect the brake magnet from the positive

70

75

main and the brake apparatus will there-
fore be applied. Should the car have ob-

tained such great momentum that the force

of stowing down and stopping is not sufi-
cient to bring the car to rest at ifs normial
limit of travel, but the car goes beyond =«
short distance, the cam 5 will open the
switches 133 and 140 to disconnect both
terminals of the potential switch magnet
197 from the mains and thus effect the open-

ing of the potential switch magnet. -
Tt will be noticed that an auxiliary load

magnet ALM and a resistance 197 In Series

therewith are connected across the motor

armature between the junctions 198 and
199 by means of the conductor 200. This
magnet controls a switch 201 which 1S CON-
nected by the conductor 202 to the solenoid

80

85

90

193 and by the conductor 203 to the con-

ductor 204 which leads to the contact 55 of
the car switch. Ordinarily when the motox

is operating or stopping for average loads

the switch 201 is kept open by the magnet

ALM. If, however, the load is heavy and
exceeds a predetermined valiie when the car

is going up, and is liding stopped. or it the

car is going down empty and 1s being

stopped, or has a light load less than a pre-
determined value, the car would tend to stop
before reaching the level of the floor fand-
ing. The armature would be slowed down
to such a speed, however, that the potential
across the latter would not be sufiicient to

10

105

cause the auxiliary load magnet ALM to

| hold the switch 201 open. Therefore upon

the closing of the latter a circuit would be

114

established from the positive main through .

the reversing switch R/, conductor 158, 80-
lenoid 193, conductor 202. switeh 201, con-
ductors 203, 204, contact 55, plate 67, con-
tact 49, conductor 68, switch 25, conductor
69, blade 70, conductors 71, 73, to the nega-
five main. It should be noted that the con-

‘ductor 204 bhas no lunit gwiteh therein.
‘Therefore when the switch 201 1s closed and
the solenoid 1938 receives current the switch

19 is closed or held closed so that the mimi-
mum starting  resistance 31 will remain

short circuited and the opening of the switch

93 will cause the entire by-pass resistance to
be inserted if the gwitches 22 and 21 are

the switch 19 will cause the resistance 81 to

and the reversing switch R will be opened * be short circnited.

1}
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12% .

still ‘open. - If the switch 22 or 21, or both,
ave already closed, then only the closing of

136



The purpose of maintaining current in the
sclenoid 193 or redstablishing current there-
1n 1s to vary the slowing down resistance so
that more current can be received by the
motor armature than when an average load
15 bemg moved, so that the car will be car-
ried automatically to its normal limits of

~travel although the load in the car may ex-

i0

15

20

20

ceed a predetermined value on the up mo-

ticn or fall Lelow a predetermined value on
the down motion. This is particularly ad-

vantageous 1n stepping automatically at the

Imits of travel,- and also at intermediate
landmgs when embodied in an automatic

~push-button system of control. In the sys-

tem 1ustrated the car may be slowed down
when approaching an intermediate landing,
by manipulating the car switch and the mo-
tor may then he stopped when the car al-
most reaches the desired position, by bring-
ing the switch lever to central position to
interrupt the brake magnet circuit and the
reversing switch solenoid cireuit.

It should be particularly noted that the
resistances, electro-magnets, and circuits and
connections are so proportioned and de-

signed that no matter how quickly the man- -

ual switch lever in the car is moved, the

- motor will be accelerated from rest to full

30

speed or from any of its speeds to rest with-
out shock or jar and without slipping be-
tween the driving sheave 2 and the power-

- transmmtting cables 1, within wide variations
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1n the car slowly

of load. That 1s to say, the controlling ap-
paratus and accelerating mechanism are so
arranged that the inertia of the parts to be
moved 1s overcome gradually and the car
brought to any desired speed without shock
or jar amd with minimum slipping between
the driving cables and the driving sheave.
This 'may be better understood by consider-
ing the various steps of speed control and
the auxiliary switches insuring the succes-
sive operation of the speed-controlling mag-
nets, the accelerating magnet and tlie field

‘resistance magnet in starting, and ih not-

ing the automatic limit switches in stopping
the motor at the limits of the car travel by
electro-dynamic brake action. Between
hmits of travel the car may be brought to a
pradual stop by moving the switch lever
back to inmitial position.
However, 1f the car switch is brought
quickly back to central position the electro-
dvnamic brakes may be depended upon to
aradually stop the car in the desired posi-
tion with little or no slipping betweenthe
driving sheave and the driving cables.-

The specific features of excess potential
control, shunt field safety magnet control,
governor connections, brake control, limit
switches for interrupting both terminals of
the reversing switch and of the potential
switch magnet, are the inventions of David
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application Serial No. 382,498, filed July 6,
1907, for an Improvement in motor control-
ling apparatus. But the auxiliary load mag-

net control and other sub-combinations as

well as the general arrangements, as defined

by the appended claims, are of my own'in-.

vention.

Obviously those skilled in the art may
malke various changes in the details and ar-
rangement of parts without departing from
the spirit and scope of my invention, and I
desire therefore not to be hhmited to the pre-
cise construction herein disclosed.

Having thus fully described my 1mmvention
and the mode of 1its application, what I de-
sire to have protected by Letters Patent of
the United States is:—

1. In an elevator, the combination with «
shunt wound electric motor, of resistance
i a circuit 1n seriles with the motor arma-
ture, resistance in a circuit 1n parallel with
the motor armature, a reversing switch oper-
able when open to close a partial short cir-
cuit to the armature, a series of electro-

‘magnetic relays each comprising a contact

breaker controlling a section of the series
resistancé and a contact maker controlling
a section of the parallel resistance, the
amount of resistance in said sections bein

proportioned to effect a definite speed o

the motor, operating circuits for said re-
lays, a manual switch having contacts in
sald operating circuits and operative to suc-
cessively close the circuits, switches in the
operating circuits and each closed by the op-
eration of the relay ot the preceding circuit,
an accelerating magnet comprising a series
of switches controlling o definite portion
of the resistance, a switch in the operating
circult of the accelerating magnet and op-
erated by the last relay of the series, and an
automatic device controlled by the last
switch of the accelerating magnet for vary-
ing the strength of the motor field.

- 2. In motor - controlling apparatus, the
combination with a motor, otP sectional re-

sistance 1n series with the motor armature,
sectional resistance in parallel to the motor

armature, a plurality of electro-magnetic
switches for inserting sections of the parallel
resistance and cutting out sections of the
series resistance, a manual switch for con-
trolling said electro-magnetic switches, an
accelerating magnet, an additional switch
dependent upon the operation of all of said
electro-magnetic switches to automatically
connect said accelerating magnet across the
motor armature, sectional safety resistance,
and switches operated by said accelerating
magnet to automatically increase the speed
of the motor further. ) .

3. In motor - controlling apparatus, the
combination with a motor, of sectional re-
sistance initially in shunt to the motor arma-

L. Lindquist and_ are cov_ered by his pending ! ture, switch mechanism controlling such
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shunt, reversing switch apparatus for di- ! ihary switches upon the restoration of the

recting the current through the motor arma-

ture and operating said switeh mechanism
to connect said sectional resistance i series

with the motor armature, additional sec-
‘tional resistance initially having only a por-
tion thereof connected across the motor

armature, one or more electro-magnetic

“switches for cutting out the series resistances

and inserting additional sections of said ad-
ditional sectional resistance. -

4. In motor - controlling .apparatus, the
combination with a motor, of a reversing
switch therefor, electro-magnets for operat-
ing said reversing switch, a sectional resist-
ance initially connected in shunt to the mo-
tor armature, a plurality
switches, one associated with each of said
reversing switch magnets and interrupting
such shunt upon the operation of the re-
versing switch to control current to the mo-
tor armature, an additional sectional resist-
ance having a portion thereof initially con-
nected across the motor armature, a series
of electro-magnetic switches for gradually
cutting out said first-named resistance and
for gradually inserting said last-named re-
sistance and finally cutting out the same

also, and an electric switch for controlling

the reversing switch magnets and said elec-
tro-magnetic switches. '

5. In motor - controlling apparatus, the
combination with an electric motor, of a se-

‘ries starting resistance, a by-pass resistance,

a plurality of double electro-magnetic
switches for varying said resistances to con-
trol the speed of the motor, a main hne

switch, and an auxiliary switch closed upon’

the opening of said main line switch to
close an electro-dynamic brake circuit in-
cluding the motor armature and a portion

of one of sald resistances.
6. In motor - controlling apparatus, the

combination with an electric motor, of a

sectional starting resistance, a reversing

switch having two portions, two electro-
magnets connected respectively to said por-
tions, two auxiliary switches initially con-

necting said resistance m shunt to the ar-
mature and interrupting said shunt when

“gither portion of the reversing switch 1s

operated to direct current to the motor ar-
mature, a sectional by-pass resistance 1ni-
tially having only a portion thercof con-
nected across the motor armature, electro-
magnetic switches for cutting out said start-

ing resistance and inserting said by-pass re-

sistance and finally cutting out the latter
also, a main line switch, and an auxiliary
switeh elosed upon the opening of said main
line switch to eflfe'ct an electro-dynamic brake
circuit through a pertion of said.by-pass
resistance in addition to the electro-dynamic
brake circuit closed by said first-named aux-

of auxiliary

i

reversing switch to initial position.
| - T K . . ]
7. In motor - controlling apparatus, the

combination with an electric shunt motor,

of apparatus for controlling the speed of the
motor within predetermined limits, mecha-
nism for accelerating the motor beyond the

limit of speed control, and means co-acting

with such mechanism to further :increase
the speed of the motor by increasing the re-
sistance of the field winding circuit.

~ 8. In inotor-controlhng apparatus, the
combination with an electric shunt motor, of
sectional resistance in series with the mo-
tor armature and additional resistance 1in
parallel to the motor armature, one or more
electro-magnetic switches for varying said
resistance to change the speed of the motor,
a manual electric switch for controlling said
electro-magnetic switches, a sectional safety

resistance in serles with the motor armature,

accelerating mechanism dependent upon ar-
mature potential for gradually cutting out
said safety resistance to effect an automatic
acceleration of the motor, and means oper-
ated at the end of the cutting out of said
safety resistance to increase the resistance ot
the field winding circuit to further acceler-
ate the speed of the motor.

9. In motor - controlling apparatus, the
combination with an electric shunt meotor,

of a resistance initially in series with the

shunt field winding, an electric switch con-
nected to said resistance, an electro-magnet,
circuits and connections for effecting the
energization of said electro-maguet to cause
the latter to close said switch and short-
circuit said resistance when current is di-
rected through the motor armature, accel-
erating apparatus for the motor, and means
co-acting with sald accelerating apparatus
to short-circuit said electro-magnet to per-
mit the latter to open said switch and re-
insert said resistance to further increase the
speed of the motor. _

10. In motor-controlling apparatus, the
combination with an electric shunt motor,
of resistance in series with the shunt feld
winding, a switch for controiling said re-
sistance, an eclectro-magnet for operating
said switch, means for closing a circuit
through said electro-magnet upon the start-
ing of the motor, accelerating mechanism
for said motor, and a switch for short-cir-
culting sard clectro-magnet.

11. In motor-controlling . apparatus, the
combination with. an electriec shunt motor,
of a reversing switch therefor, a resistance
in cirenit with the shunt field winding, a
switch for controlling said resistance, an
electro-magnet for operating said switeh,

eircuits and connections for effecting the en-

ergization of said electro-magnet when the
reversing switch is operated, a sectional
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starting resistance, an accelerating magne |

dependent for its operation upon armature
potential, a plurality of electric switches
operated successively by said accelerating
magnet to cut out said starting resistance
slep-by-step, and an auxiliary switch oper-
ated by said accelerating magnet upon’ the
cutting out of the last section of the starting
resistance to short- circuit the said first-
named magnet. .

12. In motor-controlling apparatus, the

combination with an electric shunt motor, of

@ reversing switch therefor, a resistance in
serles with the shunt field winding, an ini-
tially open switch controlling said resistance,
an electro-magnet, a circuit for said electro-
magnet dependent for its completion upon
the operation of said reversing switch, a sec-
tional resistance In series with the motor
armature, an additional sectional resistance
in parallel to the motor armature, electro-
magnetic switches for varying said resist-
ances to change the speed of the motor, a
manual switch for controlling said electro-
nmagnetic switches, an accelerating magnet
dependent for its energization upon the op-
cration of all of said electro-magnetic
switches, a sectional safety resistance, a
plurality of switches operated by said accel-
erating magnet to cut out said safety resist-
ance step-by-step, and an auxiliary switch
operated at the end of such cutting out to
short-circuit the said first-named electro-
magnet to permit the re-insertion of said
field resistance to accelerate the motor to
maximum speed.

13. In motor-controlling apparatus, the
combination with a motor, of a reversing
switch therefor, electro-magnets for oper-
ating said reversing switch, series and paral-
lel resistances, switches for controlling said
resistances, electro-magnets for operating
sald last-named- switches two at a time, a
manual switch for controlling the aforesaid
magnets to efect the operation of the motor
at a speed dependent upon the position of
said switch, and a manual switch controlling
the common conductor of all of the circuits
of the aforesaid electro-magnets.

14. In motor-controlling apparatus, the
combination with an electric shunt motor, of

a reversing switch therefor, electro-magnets

for operating said reversing switch, series
and parallel resistances as to the motor ar-
mature, electro-magnetic switches for vary-
ing said resistances to control the speed of the
motor up to a predetermined limit, a manual
switch for controlling said electro-magnetic
switches, accelerating mechanism for auto-
matically increasing the speed of the motor
beyond such limit, a resistance in the shunt
field circuit, an electro-magnetic switch con-
trolled by said ‘accelerating mechanism to

vary sald shunt field resistance to increase

the speed of the motor to a maximum, and a

981,806

manual safety switch in the common conduc-
tor of the circuits of the dlectro-magnets.

15. In motor-controlling apparatus, the
combination with an electric motor, of an
electro-magnet connected across the motor
armature, speed controlling apparatus for
the motor, means for operating such speed
controlling apparatus to gradually reduce
the speed of the motor, a switch held open
by said electro-magnet while the potential
across the armature exceeds a predetermined
value, and circuits and connections co-acting
with sald switch when the latter is permitted
to be closed by said electro-magnet upon
drop of potential across the motor armature
below said value to effect a variation in said
speed-controlling apparatus to prolong a
slowing down of the motor.

16. In motor-controlling apparatus, the
combination with an electric motor, of re-
sistance in series therewith, an electro-mag-
netic switch for controlling said resistance,
accelerating mechanism, an additional elec-
tro-magnetic switch controlling said accel-
erating mechanism, a device for automati-
cally eftecting the opening of said additional
switch and the restoration of said acceler-
ating mechanism to initial position to de-
crease the speed of the motor, a magnet con-
nected across the motor armature, and a
switch controlled by said magnet to main-
tain said ﬁrst-namec{ electro-magnetic switch
in closed position when the armature poten-
tial drops below a predetermined value.

17. In motor-controlling apparatus, the
combination with an electric motor, of a
minimum starting resistance in series with
the motor armature, a switch for cutting out
sald resistance, an electro magnet for clos-
ing sald switch, maximum starting resist-
ance, switch mechanism for gradually cut-
ting out sald maximum starting resistance,
an additional switch for controlling said
switch mechanism, an additional electro-
magnet for closing said additional switch,
an automatic device for interrupting the cir-
cuit of said additional electro-magnet to ef-
fect the re-insertion of said maximum start-
ing resistance to slow down the motor, a
load magnet connected across the motor ar-
mature, and an auxiliary switch held open
by said load magnet while the potential
across the motor armature exceeds a
termined value but permitted to be closed
when such potential falls below said value to
maintain said first-named electro-magnet en-

ergized when sald minimum starting resist-

ance 1s cut out.

18. In motor-controlling apparatus, the

combination with an electric motor, of re-
sistances, a series of switches for controlling

sald resistances, a corresponding series of

prede-
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auxiliary switches co-acting with said first-

named switches to insure. the successive en-
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~ergization of said electro-magnets, and- a |
séries of automatic switches for successively
intérrupting the circuits of said electro-mag-
nets to slow down the.motor. L
. 19. In miotor-controllihg apparatus, the
6 combination with.an electric motor, of a re- |
sistance assoclated with the motor armature,
oné or more switches for varying said re-
srstance, one or more electro-magnets for op-
erating sald switch or switches, an addi-
-tional switch for establishing a holding cir- |
cuit for one of said electro-magnets, an ad-
ditional electro-magnet for operating said
last-named switch,* an auxiliary -electro-
magnet connected across the motor arma-
ture, and an auxiliary switch operated by-:
sdid auxiliary electro-magnet to control said
additional electro-rhagmet.
2Q0. In motor-controlling apparatus, the
combination with an electric motor, of sec: |
tional resistance connected to the motor ar-
~mature, a -~ plurality of electro-magnetic
stwitches for varying said resistance te-
chidrige the speed of the motor, an auxiliary
switch operated in conjunction with one of
sald electro-magnetic. switches to close 2.
holdmg circuit for the electro-magnet of the
eléctro-magnetic switch first to operate, and |
an’ electro-magnetic switch for closing a
holding circuit through the electro-magnet
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of said one electro-magnetic switch when the |

armature potential falls below a predeter-
mined value. S
21. In motor-controiiing apparatus, the

g5 combination with an electric motor, of sec- i

tlonal minimum stariing resistance, sec-
- tional by-pass resistance, a reversing switch .
for directing current through said minimun: '

in ‘series ‘and through a portion of the by-
pass. resistance in parallel to the motor ar-
~ mature, a plurality of initially open switches

41}

connected to said minimum starting resist-.|

ante, a plurality of initially.closed switches .
45 colinected to said by-pass resistance, a plu-;
rality of corresponding electro-magnets for
closing the open switches and opening the |
closed switches to remove the mihimum
starting resistance gradually and insert the |
50 remamning portions or sections of the by-|
‘pass resistance, and an electro-magneétic |
switch dependent for its operation upon ar-
mature potential to maintain one of said-
‘electro - magnets energized to prolong the 4
55 slowing down of the motor before stopping.:
- 22. In motor-controlling apparatus, the|
combination with-an electric motor, of re-

- sistance connected thereto, a plurality of |

~ electro-magnetic switches for varying said
60 resistance to. control the speed of the motor, !
and an electro-magnetic switch dependent |
upoh armature potential to prevent the re-
turn of one of said electro-magnetic switches

- to initial position. T
- 65 23..In motor-controlling

EI-

' appaﬂmt_us, the

mag

starting resistance and the motor armature ‘|

{

‘to said starting mechanism and said speed-

-, "‘L

11

combination with an electric motor, of a sec-

tional starting resistance, a plurality of elec-
tric' switches connected -to said starting re-
sistance, a plurality of electro-magnets, one
for each of said.switches, auxiliary switches

to insure the successive operation of said

electro-magnets, an additional switch for es-

tablishing a holding circuit for the first.
magnet operated, an additional electro-mag-

net for operating said additional switch, and
an electro-magnetic switch dependent upon
armature potential for controlling said "ad-
ditional electro-magent. S

24, In motor-controlling apparatus, the
combination with an electric motor, of mini-
mium starting resistance, by-pass resistance,
electro-magnetic switches for gradually cut-
ting out sald minimum starting resistance
and gradually inserting said by-pass resist-
ance, auxiliary switches for insuring the suc-
cessive operation of said electro-magnetic
switches, accelerating mechanism, an addi-
tional switch co-acting with said electro-
magnetic switches for controlling ssid ac-
celerating mechanism, and an electro-mag-
netic switch dependent upeon armature po-

70

75

80

60

tential for controlling one of ‘said electro-

gnetic switches while the motor is slow-
ing down. = B L
25, In motor-controliing apparatus, the
combination with an electric motor, of & re-
versing switch -therefor, -electro-magnets for
operating said reversing switch, speed-con-

g5

trolling apparatus, \a manual switch con-

nected to said electro-magnets and said

speed-controlling apparatus, and circuits

and connections assaciated with said speed-

10¢

conirolling apparatus Ior increasing  the

minimum speed of -the motor in stopping
over that of starting. |

26, In motor-controlling appﬂrf}dtu,s,i the

combination’ with an electric motor, of
starting mechanism therefor, speed-controi-
ling apparatus, a manual switch connected

controlling apparatus, said manual switch

‘having a plurality of contacts in different
positions corresponding fo various motor

speeds, .and circuits and connections associ-
ated with said speed-controlling apparatus

for cutting out one of said contacts after a-

higher speed than that corresponding there-

to has been attained. ,
27. In an elevator, the combination with

‘a car, hoisting mechanism, and an electric
motor, of a reversing switch for the motor,.

electro-magnets for operating said reversing

-switch, a minimum starting resistance in se-

ries with the motor armature, a by-pass re-
sistance .in parallel to the motor armature,

a plurality of electro-magnetic switches for

varying said resistances to control the speed

of the motor, a manual electric switch con-

nected to said electro-magnets and to the

electro-magn~ts of said electro-magnetic
- o ;o
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~ switches, 2 maximum startin resistance, & ; a car,

L - 4

plurality of switches for gradually cutting
out said resistance, an accelerating magnet
dependent for its energization upon the op-

. eration of all of said electro-magnetic
“ switches to operate the switches connected to

the maximum starting resistance, and auto-
matic switches to slow down the motor as
the car approaches the limits of its travel.

98. In an elevator, the combination with

““ an electric motor, of a reversing switch

29

50

‘therefor, electro-magnets for operating said
switch, a minimum starting re- .

reversing

sistance 1n series with the motor armature, a
by-pass resistance in parallel

armature, electro-magnetic switches for

varying said resistances to increase or de-

crease the speed of the motor, a manual

“electric switch to effect the operation of said
. reversing switch and the operation of said
" electro-magnetic switches, accelerating ap-

paratus operated automatically at the end of
the operation of said electro-magnetic
switches to further increase the speed of the
motor, and limit switches to automatically
decrease the speed of the motor graduall

as the car approaches the limits of its travel.

99. In an elevator, the combination with
a car, hoisting apparatus, and an electric
motor, of electric starting switches for said

motor, a manual electric switch in the car,

“speed-controlling apparatus dependent for

40

i
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ance 1n series

its operation upon various positions of sald

manual switch, a sectional safety resistance,.

an accelerating electro-magnetic switch de-

"~ yice cperated at the end of the operation of
 the entire speed-controlling apparatus to
~ gradually and automatically cut out sald

~safety resistance, a resistance in the field

circuit, and means dependent upon the

‘movement of the manual switch to fast
speed position and upon the cutting out of

said safety resistance to insert said resist-
) ies with the field winding to fur-

ther increase the speed of the motor.
30. In an elevator, the combination with

" a car, hoisting apparatus, and an electric

motor, of starting switches therefor, speed-
‘¢ontrolling apparatus comprising series and
50

L N

parallel resistances and. electro-magnetic

switches for varying the same, an electric |

“switch in the car having a plurality of POsI-

tions for various speeds, limit switches con-

nected respectively between contacts of the
car switch and the speed-controlling appa-

" “ratus with the exception of one of said con-

 ata predetermined point with varying loads. | ance,

tacts, an auxiliary load magnet connected

scross the motor armature, and an auxiliary

switch controlled -by said load magnet to

establish a holding circuit through one of

the electro-magnets of said electro-magnetic
switches and the excepted contact of the car

switch to cause the car to stop substantially

-+

- -
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-
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ook TR, )
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to the motor |

65 31. In an elevator, the combination with the open switches and -opening

“tion,

- r

motor, of starting switches for the motor,
speed-controlling apparatus, accelerating
mechanism operated automatically at the
end of the opesation of said speed-control-
ling apparatus, 8n electric switch in the car,

hoisting ﬁpp#r_atus, ‘and an electric

70

automatic means operated by some moving .

part of the elevator to restore the accelerat-
ing mechanism and the speed-controll
apparatus to initial position to effect a grad-
ual reduction of speed of the motor before
stopping, an  auxiliary electro-magnetic
switch, and circnits and connections con-
trolled by said auxiliary electro-magnetic
switch and co-acting with a portion of said
speed-controlling apparatus to effect a van-
aticn in the reduction of s
and cause the car to stop substantially at a
predetermined point or landing irrespective
of the load or direction of travel. -

32. In an elevator, the combination with
a car, hoisting apparatus, and an electric
motor, of a reversing switch for the motor,
electro-magnets for operating said reversing

75

of the motor -

86

switch, speed-controlling apparatus, auto- g,

matic accelerating mechanism, a brake mag-
net, a manual switch to effect the operation
of said reversing. switch to direct current
to the armature and the releasé of the brake
to- permit the motor to start, further move-
ment thereafter of the manual switch suc-
cessively effecting the operation of said
speed-controlling apparatus and said acceler-
ating mechanism, and a series of automatic
switches operated by some moving part of
the. elevator to successively restore the ac-
celerating mechanism to initial position, the
speed-controlling apparatus to initial posi-
tointerrupt the reversing switch magnet
circuit, and finally to interrupt the brake
magnet circuit to stop the motor and the car.
33. In an elevator, the combination with
a car and rope drive apparatus, of an elec-
tric motor havi
starting switches for said motor, speed-con-
trolling apparatus, accelerating mechanism
operated at the end of the operation of seid

95
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a shunt field winding, .

110

speed-centrolling apparatus, means operated -

at the end of said accelerating mechanism to
decrease the strength of the shunt field, and
a manual electric switch for controlling said

' speed-controlling apparatus and the weak-

ening of the shunt field. -

34, In an elevator, the combination with
a car and rope drive apparatus, of a shunt
wound electric motor, a reversing switch for

said motor, electro-magnets for operating

said reversing switch, a sectional resistance
in series with the motor armature, a by-pass
resistance in parallel to the motor armature,
normally open switches connected to the
said series resistance, normally closed
switches connected to said parallel resist-
additional electro-magnets for clom

the _cl
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- switches, accelerating switches to insure the

successive operation of said additional elec-
tro-magnets, a sectional safety resistance, a

multiple switch device for gradually cutting

out said safety resistance after all of the said

~additional electro-magnets have been ener-

10

1§33

20

gized, means controlled by said multiple
switch device to decrease the field strength,
an electric switch in the car, and circuits
and connections between said last-named
switch and the electro-magnets of the re-
versing switch, the said additional electro-
magnets and said field-controlling means.
35. In an elevator, the combination with

a car and rope drive apparatus, of an elec-

tric motor, starting switches for said mo-
tor, ‘speed-controlling apparatus, accelerat-
ing mechanism operating at the ‘end of the
operation of said speed-controlling appara-

tus, means operated at the end of said accel-

erating mechanism to decrease the field
strength, a manual electric switch for con-

~ trolling said speed - controlling apparatus
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relays each comprisin

66

and the weakening of the shunt field, and
a plurality of limit switches operated 1nde-
pendently
to increase the field strength, restore said
accelerating mechanism to normal and said
speed-controlling apparatus gradually to
initial position. - |

36. In an elevator, the combination with
a car and rope drive apparatus, of an elec-
tric motor, an electric switch in the car,
means dependent upon the position of said
switch for operating the car at predeter-
mined steps of speeds, both increasing and
decreasing, and a plurality of automatic
switches operated successively to restore

said means to initial position gradually and

thus slow down the motor and car independ-
ently of said electric switch in the car.

37. In an elevator, the combination with
an elevator car and rope drive apparatus,
of an electric motor, resistances, a series of
switches for controlling said resistances, a
corresponding series of electro-magnets for

operating said switches, auxiliary switches

co-acting with said first-named switches to
assure the successive energization of said
electro-magnets, and a series of switches op-
erated by some moving part of the elevator
for successively interrupting the circuits of
said electro-magnets to automatically slow
down the motor and stop the car substan-
tially in a predetermined position.

38. In an elevator, in combination with a
shunt wound electric motor, of resistance in

a circuit in series with the motor armature,
resistance in a circuit in parallel with the
motor armature, a series of electro-magnetic

iz a contact breaker
controlling a section of the series resistance,

and a contact maker controlling a section of |

parallel resistance, said ‘resistances being
proportioned to effect a definite speed of the

of the operator and successively

a8

| motor, operating circuits for said relays,

limit switches in said operating circuits, a
manual switch having contacts 1n said op-
erating circuits and operative to-successively

close the circuits, switches in the operating

70

circuits and each closed by the operation of

the relay of the preceding circuit, an accel-

erating magnet comprising a series of

switches controlling a definite portion of re-
sistance, and a switch in the operating cir-
cuit of the accelerating magnet and operated
by the last relay of the series.

39. In combination, a shunt wound elec-
tric motor, resistance in series with the mo-
tor armature, resistance in parallel with the
motor armature, a series of electro-magnetic
relays each comprising a switch contact con-
trolling a section of the series resistance and
a contact controlling a section of the parallel
resistance, the amount of resistance in said
sections being proportioned to effect a defi-
nite speed of the motor, operating circuits
for said relays, limit switches 1n said op-

75
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erating circuits; a manual switch having

contacts in said operating circuits and op-
erative to successively close the circuits,

switches in the operating circuits and each

closed by the operation of the relay of the
preceding circuit, an accelerating magnet
comprising a series of switches controlling
a definite portion of resistance, a switch in
the operating circuit of the accelerating
magnet and operated by the last relay of the
series, and an automatic device controlled
by the last switch of the accelerating magnet
for varying the strength of the motor field.

40. In a traction elevator, the combination
with an elevator car, of frictional driving
apparatus, a shunt wound electric motor, re-
sistance in a circuit in series with the mo-
tor armature, a series of electro-magnetic
relays each comprising a contact breaker
controlling a section of the series resistance
and a contact maker controlling a section
of the parallel resistance, the amount of re-
sistance in said sections being proportioned
to effect predetermined speeds of the motor,
operating circuits for said relays, a manual

the circuits, switches in the operating cir-
cuits and each closed by the operation of

the relay of the preceding circuit, an auto-

matic electro-responsive accelerating appa-
ratus controlling a portion of the resistance,
and a switch in the operating circuit of said
accelerating apparatus
last relay of said series.

In testimony whereof, I have signed my

name to this specification in the presence of-

witnesses. |

| RUDOLPH C. SMITH.
Witnesses: | | B
W. H. Brapy, |

JAMES (. BETHELL.

two subscribing

and operated by the
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switch having contacts in said operating
‘circuits and operative to successively close
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