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2o all whom it may concern:
Be it known that I, WiL.LIaM BB. POTTER, a

citizen of the United States , residing at Schen- |

ectady,in the countyof Seheneetady, State of

New York, have invented certain new and

useful Improvements in Controlling Devices
for Electric Motors, of which Lhe followmﬂ' is

a specification.
My present mventlon relates to controllers

for-electric motors, and has for i1ts object to

obviate a dlfﬁculty which arises either from
inexperience or carelessness of the motorman.

In many cases the acceleration of the car is
more rapid than it should be, because the mo-
torman does not stop long enough on the dif-

ferent positions of the controller to allow the
motors to come to the full speed correspond-
ing ‘to each position before turning to the
next. Resistance 1s c¢ut out too _1'apidly or
the change from series to parallel 1s made too
fast.
is very nnpleasant to passengers, but it is in-
jurious to the apparatus. In installations

“where a number of motors are employed on
25

each car and fthe currents are necessarily
oreater than those in ordinary tramways the
difficulty is particularly apparent and the

danger of accident to the apparatus corre-

- spondingly increased. 'T'c obviate it, I have
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‘motors,
switch to follow the motion of the handle at
a uniform rate irrespective of the speed with

devised the apparatus of the present inven-
tion, which consists, in its essence, of a lost-
motion connection between the handle or
other actuator and the switch controlling the
together with means for causing the

which the motorman may operate the latter.
The particulardevice which I have hereshown
for this purpose is a spring constituting a re-
silient or elastic energy-storing connection,

with snitable speed-governing apparatus by |
| which the movable member of the controller g5
will have a corresponding speed depending

upon the character of the retarding device

which the progress of the switeh is regulated.
Of ecourse other mechanisms might be adopted
and st1ill be within my invention.

Although my invention in 1ts preferred

form employs a lost- motion energy-storing

connection between the handle and the letC‘h

and in addition thereto a speed-governing de- |

vice for the controller, itis evident that these
mechanisms are ecapable of usesingly, in com-

bination with other elements of a controller

mechanism, as well as in combination with
each other, and in the c¢laims appended to

Thisnotonly makes the car jerk, which

1

|

|

]

|

employ an ordinary c¢

device consisting of a governor of the cen-

this specification I aim to cover these mech-
‘anisms in all their novel combinations.
With the apparatus which I have employed
for the purposes of my invention I place stOpq
for the handle only at the actual ““running”

55

‘positions of the switch, as they are commonls“

called—that is to say, when the handle 1s 6o
moved from one position to another it is al-
ways from a position in which the motors may
beoperated forany convenient length of time
to another similar position. In most control-
lers, as is well understood, there are a nuin- 65
ber of positions in which the motors are not

to be allowed to run for any length of time.
These are ccwmmonly called °‘transition-
points.” Some of these are resistance-points

and others are the points at whigh the tran- 7o
sition from series to parallel is made in this

particulartypeof controller. The advantage
of my invention in this regard consists in the

fact that however careless or inattentive the

motorman may be his controlling apparatus 75
will still be in one of its proper running po-
sitions and no m]my will come to any of the
apparatus

T'o effect the purposes of the invention, I
cylindrical switch or 3o
drum and a handle for its rotation, connect-
ing the handle and the switch by a spiral
spring, To the switch I connecta retarding

T-\.i-

trifugal type, with gearing interposed be- 8;

tween the governor and the switch, so as to
render the rotation of the former more rapid

and the regulation more minute and accu-
rate. The arrangementissuch that the han-
dle is moved freely toward the running posi- go

tions of the controller and is followed by the

movable member of the controller at a slower
speed unless the handle ber moved very
slowly, the particular speed of the handle at

and the inertia of the parts of the mechan-
ism. When the handle is brought to rest at

any one of the running positions, the control- 1oo

ler-cylinder will at Dtedebermmed speed fol-
lowitup,making the successive transitions at
a rate preadjusted to the best and most regu-
lar acceleration. ‘I'he spring connection be-

tween the handie and the switch i1s so con- 105

strueted and arranged that the initial move-




~ ment of the handle will cause the switch to

- move simultaneously therewith.
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If there-

fore the handle is moved forward to any
point and there stopped, the switch will be
moved by meansof the spring connection into
a position corresponding to the point at which
the handle 1s stopped and will then come to
rest. The acceleration of the car thus be-
comes uniform either from rest to a desired
speed or from one speed to another. It is
thus also impossible to hold the controller in
a position in which it should not remain for
any length of time. Itis unnecessary, how-
ever, to regulate the turning oft of the cur-

rent in the way just named. Emergenciesare |

apt to occur in which the motor-current
should be at once shut off. This I provide
for by so arranging the connection between
the controller-cylinder and its operating-han-
dle that in the reverse direction it is positive,

while in turning on the power there is the

lost motion already referred to.

The Invention will be better understood
from the accompanying drawings, showing
one particular form, in which—

Figure 1 is a plan of the apparatus. Fig.
218 a rear elevation of the parts shown in
Fig. 1. Ifig. 3 18 a side elevation of the gov-
ernor, partly in section, on the line 3 3 of
Fig. 4. FIig. 4 is a sectional plan of the
parts shown in Fig. 3 upon the line 4 4 of
the latter figure. Figs. 5 and 6 are details
of the connection between the handle and
the controller-cylinder by which the motion
of the latter is positive in turning off.

In Figs. 1 and 2, A is the operating-handle,
having the lateh @, controlled by a spring a
and lifted out of the notches 1, 2, 3, or 4 of
the sector B by the rod a, the link A? and
the handle A'. So much of the device re-
sembles in general the lever of an ordinary
locomotive. The sector B isheld in place by
the bolts B’ B', being secured to the base-
plate H of the apparatus, the latter being
provided with a bracket ', to one end of
which the sector B is secured. The base I
18 so constructed that it may take the place
of the cap-plate of the ordinary controller.
The lever A rotates the shaft K. To the
shaft IC 18 secured one end of the spring I,
the other end being secured at I' to the seg-
ment C. The latter meshes with a train of

‘gears driving conftroller-shaft and the gov-

ernor L. Thesegment Cdrivesthe pinion C',
and this latter drives a second pinion C?,
which rotates the shaft I of the controller.
(See Figs. 2, 5, and 6.) The gear C? isdriven
from this shaft by means of a ratehet D, be-
1ng conuected to the ratchet by the pawl D',
held in place by the spring D*. The purpose
of this will presently appear, and the con-
struetion is best seen in Figs. 5 and 6, to be
more fully deseribed hereinafter. The gear
C’meshes with the pinion C', driving the gear
C%, the latterdriving the governor L t,luouﬂ‘h
the pinion C° The rotation of the governor

causes the balls or weights L/ (See Ifigs. 3 1

724,611

and 4) to iy outward, and thus force the frig-

tion-pawls L?® L? against the inner face of the

¢ylinder L2, the latter being stationary and
‘held in place by the serew m,which connects

it to the guard M, fixed to any part of the ap-
paratus. Stops [° prevent the friction-pawls

| from being so far drawn in that the weights

‘8ion.

I’ will rub on the outer surface of the cylin-
Ger.
ing [/, of leather or other suitable material,
serves to increase their adhesion.

Referring now to Fig. 2, which should be
read 1n connectmn Wll}h Flb
seen that to the hub K', to which the lever A
is secured, is fixed an arm K?, which may be
made integral with the hub. Against this
arm bears a stop C7, fixed to the segment-
gear C. As the lever A is moved the arm K=
is brought away from the stop C’, the motion
of the lever putting the spring I under ten-
The spring being fixed at I' to the gear
C tends to draw this gear around until the
stop C7 rests against the arm K* 'This com-

municates motion to the entire train of gears

and through the shaft I to-the controller,
the governor L controlling the rate at which
the controller shall be rotated. As soon as

the stop C7strikes the arm K* the movement

of the controller ceases. The lever A may

‘be moved into any of the notches 1, 2, 3, or

4 of the segment I3, and the eonthllel Wlll
then start and follow it up at the desired

rate of speed.
In order to pr ovide for the positivereturn of

the controller mechanism and the turning off

of current, the arrangement shown in detail
"| in Figs. 5 and 6 and indicated in dotted lines

in Fig. 1 1s employed.

The gear C° rotates
upon the stud G, the upper part of which is

| made round, the gear being held in place by

the pin ¢. The lower part of the stud G, as

shown at ¢', is shaped like the upper part s

| of the eontroller shaft I'. The gear (C? is

mounted upon or formed integral with a col-
lar 7', which fits over the upper part of the

shaft I¥ and rotates the controller, and 1n this
collar the part ¢’ of the stud G also fits.

The

ratchet D is formed to fit the lower part ¢’ of
the stud. Thus as the gear C? turns it turns

the ratchet D by means of the stud G and

also the shaft I of the controller, The
gear - wheel (3, however,
with the ratechet through the pawl D', will
rotate when the ratehet turns in one direc-
tion, but is stationary when it is turned in
the other. When, therefore, by the motion of
the handle the gear C', monnted on the shaft

K, rotates the gear C? so that the ratchet
turns in the direction of the arrow, as shown

in IFig. 5,the gear C° rotates and the governor

The pawls are pivoted at [, and a pack-

1, it will be

being connected
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18 brought into play; but when the mechan-

ism is reversed the pawl D’ slips over the

ratchet and the motion of the handle is inde-
pendent of the governor. The backward mo-

tion of the handle thus forces back the arm
K* and through the stop C’ moves the seg-
ment C backward, thus rotating the gears €'

13
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and C? (and through thewn the shaft F of the | from series to parallel will be effected. This

controller P) positively backward. By re-
moving or fastening back the pawl D' the
controller evidently becomes one of ordinary
type, the governor L bemn’ thrown entirely
out ot actlon

In the particular type of controller which
I have selected for emnbodying my invention

the change from gseries to parallel is made by |

shunting one of the motors. A good form of
controller is that shown in my prior patent,
No. 524,396, in which a full description of the
cirenits may also be found. I have not
thought it necessary to describe and illus-
trate the device in this application.
other controller in which a regular and mod-

erate movement will give a substantially uni-

form acceleration of the motors may be em-
ployed, as is well understood. It i1s desir-
able for several reasons, nunnecessary to re-
cite, that the change from series to parallel
should be made with reasonable rapidity, and
I have therefore so arranged the device illus-
trated that the governor will be thrown out
of action during this part of its rotation.
Due to the influence of the retarding device

the movement of the switeh will be main-.

tained substantially uniform; but when the
governor is thrown out of action the speed
Of movement of said switch will be in-
creased.

Referring to Figs. 1t04,01is a dlsk on the
top of the controller- cylmdel (Seen best in
Fig. 2.) Upon bh]s disk is mounted a cam
0. Pwoted at n’' is a lever having a fork N,
provided with friction-rollers n, 10!33,1;11:10 in
the collar Nr
ernor by a feather-key, so that the ,eolla,r 18

free to slide up and down within certain lim-

40

50

55
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its. Cords or wires {* pass through holes in

the pin [* and are connected to the friction-

pawls 12 and the weights L'. 'Thelower part
NZ? of the lever is provided with a friction-
roller 7% traveling on the disk O and the cam
0. The posmmu of the cam o 18 such that as
the transition-point from series to parallel is
reached in the revolution of the controller
the cam o passes under the roller n?, the fork
N is slightly depressed, thus depressing the
collar N’ and pulling on the cords or wires [*
and drawing in the weights L, releasing the
friction-pawls, so that the governor is thrown
out of aetion. This part of the movement of
the controller is therefore accomplished more
quickly than the rest.

~In order to prevent too great a rotation of
the controller, I employ stops K*I{%, (see Ifigs.

‘1 and 2,) which strike a projection from the

base I, and thus limit the movement of the
handle A

In the ordinary Operabion of the device the
motorman will bring the lever A at starting
to the notch 3, which corresponds to the tull-
series position of the controller, and after the
train or car has acquired full speed in this
position the lever will be brought over to the
notch 4 and the change of motor connections

Any |

fixed to the shaft of the gov- |

change can be made with safety, as already

pointed out, much more rapidly than the

change from rest to the full-series position.

In high-speed service the handle may be

brought at once to the last running position,

and thus the maximum even acceleration will

be attained without further attention from
the engineer.

Inpr -actical operation I have found that the
acceleration of the train could not be made
oreater than the desired rate for which the
device was designed whether the force ap-
plied to the handle be much or little, al-
though where it i3 desirable to diminish this
rate it could readily be done by moving the

‘handle so slowly that theswitch would follow
it up closely. This is not ordinarily the de-

sired method of operation, but may be useful

on oceasion.

What I claim as new, and desire to secure
by Letters Patent of the United States, is—

1. In a controller, the combination with the
switch, of an actuator therefor, and a resili-
ent connection between the actuator and the
switch so constructed and arranged that the

1initial movement of the actuator will cause

the switch to move simultaneously at a dif-
ferent rate of speed.

2. In a controller, the combination with the
switeh, of an actuatm therefor, and a resili-
ent connection between the actuator and the
switeh so constructed and arranged that the
initial movement of the actuatm will cause
the switeh to start to move simultaneously at
a different but uniform rate. |

3. In a controller,in combination, a switch
having ‘‘ running positions” and ‘‘transition

| positions,” an operating-handle therefor pro--

vided with stops corresponding to the run-

ning positions only, and a lost-motion, en-

ergy-storing connection between said handle
and said %mtch

4. In a controller, in combination, a switch
‘having ““running positions”

positions,’” an operating-handle therefor pro-

vided with stops corresponding to the run-

ning positions only, a lost-motion, energy-
storing connection between said handle and
sald switch, and means whereby the switeh is

and ‘‘transition
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caused to pass through certain positions ata

speed greater than the speed at which it
passes through the other positions.

- 5. A controlling device for electrie motors,

comprising a handle free to move, a switch
with a lost-motion connection between the
switech and the handle, a governor for con-
trolling the motion of the switeh, means for

causing the switch to follow the handle, and
means for throwing the governor out of ac-

tion daring part of the following movement

of the switch.
6. A controlling device for electric motors,

comprising a switech, a handle operatively

connected thereto, means whereby the switch
is started in motion simultaneously with the
initial movement of said handle, a retarding

120

I25

130'
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means operating to retard the movement of
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movement of the switeh,

theswitehin turningon current and a positive
connection between the handle and the switch
operative only in turning the current off.

7. The combination of a freely-movable
switeh for controlling a motor or motors, a
handle having lost-motion energy-storing con-
nection with the switch in one direction of
movement, means for maintaining uniform
the speed of the switch, and a positive en-
gaging means between the handle and the
switch, operative in the reverse direction.

S. In a controlling device, the combination
of a handle free to move in one direction with-
out immediately effecting a corresponding

the switch to follow the handle, a governor
for the switch, and means for throwing the
retarding means out of action during a cer-
tain part of the forward motion of the switch;
with a positive engaging means between the
handle and switch and a slip connection be-
tween the governor and switch, operative as
the movement of the latter is reversed.

9. In acontrolling device, means retarding
the motion of the switech in turning on cur-
rent, a device for throwing the 1etard1nﬂ
means out of action when the motion of the
switeh is reversed, and means for throwing
the retarding means out of action during a
part of the movement of the switeh to the on
position.

10. In combination, a SWItCh a governor
for the switch, a ratchet between the aov-
erunor and the switch whereby the governor
controls the motion of the switch in one di-
rection, but not in the other, and means in-
dependent of the ratchet for throwing the
oovernor out of action during the motion of
the switch in the former direction.

11. A controlling device for electric motors
having a freely-movable handle, stops forsaid
handleat the running positions of the control-
ling device, and a lost-motion, energy-storing
connection between said handle and said con-
trolling device.

12. A controlling device for electric motors
comprising a switch, a handle, for operating
said switeh, having a plurality of operative
positions, a lost-motion, energy-storing con-
nection between said handle and said switch,
and means for arresting the motion of the
switch when it reaches a position correspond-
ing to the position of the operating-handle.

13. A controlling device having a handle
free to move relatively to the switch, with
means for causing the switch to automat-
ically follow the handle, and stops for the
handle corresponding to the running-points
only of the controller.

14. A controlling device having a handle
free to move in one direction relatively to the
switch, with a governor limiting the speed, a
spring for driving the switch, and stops for
the handle, corresponding to the running-
points only; whereby the transition - points
may be passed at a predetermined speed.

means for causing |

®24.611

15. A controlling device for electric motois,
comprising a freely movableswitch, a ha,nd]e

for operating said switch, having a plmaht}
1 of operative positions, a spring connectlon in-

terposed between said switch and said han-
dle, and means for arresting said switch wheit
it has reached a position cor responding to the
posmon of said operating-handle.

. A controlling device forelectric 111013015
compnqmﬂ' a ‘SWItGh a handle having a pln-
rality of operative poaitiona and connected
to said switeh by means of a device construct-
ed and arranged to cause the switeh to start
in motion simultaneously with the initial
movements of said handle, a stop connected
to said switeh, and a lug on said handle ar-
ranged to be enﬂaﬂ*ed by said stop whenever
the smtch occupies a position corresponding
to that of the operating-handle.

17. The combination with a controllmﬂ' de-
vice, comprising a movable part, of a I'@t&ld-
ing device adapted to prevent the too rapid
movement of said controlling device, where-
by the retarding device is responsive to the
movement of the controlling device, and a
limiting device associated with said retar ding
device adapted to limit the duration of its
effective action.

18. The combination with a controlling de-
vice having a movable part, of a retarding de-
vice therefor consisting of a train of gears
operating a friction- nroduemﬂ* device, “said
friction-producing device comprising a fixed
part, and a moving part adapted to be moved
by eentrifugal action into engagement with
said fixed part.

- 19. The combination with a controlling de-
vice having a movable part, of a retarding de-
vice therefor consisting of & train of gears op-
erating a centrifugal governor, said governor
comprising a ﬁ‘i{ed part, and a moving part
adapted to be moved by centrifugal actwn
into engagement with said fixed part-, and
means for rendering said governor tempora-
rily inoperative.

20. The combination with a controlling de-
vice having a movable part of a retarding de-
vice therefor having a governor and means
for rendering said governor inoperative dur-
ing a part of the movement of sald control-
llnfr device.

21 In a controller, the combination with a
freely-movable awneh of an actuator there-
for, resilient means GOI]th ucted and arranged
to tlanefer energy from the actuator to the
switch simultaneously with the initial move-
ment of the actnator, and means for regulai-
ing the rate of movement of said switch.

22. In ‘a controller, the combination with
the switch, of an actuator elastically connect-
ed thereto, a governing device for controlling
the rate of movement of the switch, and
means controlled by the switch itself for ren-
dering said governing devwe tempm arily in-

Opemtwe
23. In a controllel the combination with

| the switch, of an actuator elastically connect-

7 C

75

30

95

{00

105

10

[15

120

125

130




IO

20

30

35

40

45

55

724,611

ed thereto, a centrifugal friction-governor for

controlling therate of movementof theswitch,

and means for rendering sald governor tem-
porarily inoperative.

24. In a controller, the combination with
the switech having a plurality of running-

points, of aetuatmw means adapted to move

said switch at a rate of speed independent of
that of the actuator, and means for stopping
the switch at any running-point to which the
actuator is brought. |

25. In a controller, the combination with
the switeh, of an actuator therefor, a spring
connection arranged to start said switch in
motion simultaneously with the initial move-
ment of the actuator in one direction, and
means for positively transferring energy from
the actuator to the switch upon movement
In an opposite direction.

26. In a controller, the combination with
theswitch, of actuating meanstherefor adapt-
ed to move sald switch from any running-

point to any other at a rate of speed inde- |

pendent of that of the actuator.

27. In a controller, the ecombination with
the switeh, of an actuator therefor, and means
whereby the switch is started by the first
movement of the actuator to be moved to the
next running-point only or to the tull-on po-

sition at a predetermined rate of speed.

28, In a controller, the combination with
the switeh, of an actuator therefor and means
for causing said switeh to move at a rate of
speed independent of that of the actuator
when the latter is moved above a determined
rate, but causing the movement of said switch
to be dependent upon that of the actuator
when the latter is moved at a less rate.

29. In a controller, the combination with
the switch, of an actuator therefor, an elas-
tic connection between said switeh and said
actuator, stops for said switch at the running-
points, and means separate from said stops
for hindering the operation of the switch.

30. In a controllel the combination with
the switch, of means for actuating said switeh
at a demred speed, and means for insuring a
different rate of speed during a predeter-
mined part of the movement of sald switch.

31. In a series-parallel controller, the com-
bination with the switeh, of means for actu-
ating sald switch ata desired speed,and means
tor 1nsuring a different rate of speed during
the change from series to parallel relation.

32. In a controller, the combination with
the switch, of means for insuring a uniform

" rate of movement of said switch, and means

6o

for insuring a different rate of speed during
a part of said movement.

35. In a controller, the combination with
the switch, of the actuator therefor, means
forinsuring a rate of movement of said switch
independent of the movement of the handle,
and ‘'means for insuring a different rate of
speed during a part of said movement.

34. In a controller, the combination with

the switch, of the actuator therefor, means |

| for regulating the speed of movement of said

SWlteh durmﬂ* its movement in one direction,
and means f01 making said means 1nope1a~
tive during a part of smd movement.

35. In a controller, the combination with
the switch, of the actuator therefor, means
for regulating the speed of movement of said
switch, during its movement in one direction,
and means whereby said switch causes sald

regulating means to become inoperative dur-

Ing a part of said movement.

36. In a controller, the combination with
theswiteh, of means foractuating said switeh,
means for controlling the operation of the
switch, and means for changing the effect of
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| sald controlling means during a part of the

F
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movement of the switeh.
37. In a controller, the combination mth

theswitch, of means for act uating said switeh,
means nermally operating to --meintain a ani-
form rate of movement of said switch, and
means for causing an increased speed during
a part of the movement of the switch.

38. In a controller, the combination with

the switch, of an aetuater therefor, means for
de’ereasing the effect of said eetuator_ during
a part of the movement of said switeh, and
means for increasing the speed during an-
other part of the movement of the switch.

39. In a controller, the combination with

the switeh, of actuating means therefor, a

frietion-governor for said actuating means,

and means for rendering said governor inop-
erative at a certain part of the movement of
the switeh.

40. In a controller, the combination with '

the switch, of an actuator therefor, a gov-
ernor for said actuator, a cam on said switch,
and means operated by said cam for render-
ing the governor inoperative.

41. In a controller, the eombmatlon with
the switeh, of aetua,tmﬂ* means therefor, a
governor for said eetuatmﬂ' means, and means
wherebv the governor is itself enntrolled by
the movemenb of said switch.

42. A controllingdevice forelectric motors,
comprising a switeh, an actuator for said
switch, a lost-motion, energy-storing connec-

‘tion between said switch and said actuator,

means Independent of the actuator for con-
trolling the movement of said switeh, and
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means for rendering the said controlling

means inoperative during a part of the for-
ward movement of said switeh.

43. In a controlling device for electric mo-
tors, a movable member, means for moving
said member at a predetermined speed, and
means controlled by the said movable mem-
ber for increasing the speed during a portion
of the movement thereof

In witness whereof I have hereunto set my
hand this 2d day of August, 1898.

WILLIAM B. POTTER

Witnessges:
EDWARD P. MACLDAN
JOHN  S. ABEROROMBIE.
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