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SPEGIFIQATION forming part of Letters Patent No, 489,687, dated January 10, 1898.
~ Bypplication flled May 7, 1891, Serial No. 391,861, (No model)

To all whom it may concerm:
- - Beit knownthat we, JOHN F. OTT, a citizen
" of the United States, and ARTHUR L. KEN-
NELLY, a subject of the Queen of Great Brit-
s ain, residing at Orange, county of Essex, State
of New Jersey, have invented certain new
and useful Improvements in Means for Con-
trolling Electric Motors, of which the follow-

- ing is a specification. B
to The present invention relates toswitch and

resistance apparatus designed especially for |

controlling electric motorsemployed to propel
 vehicles, and the main object 18 to provide
improved devices by which the motor can be
1z controlled in asafe and efficient manner from
either end of the vehicle. I
The apparatus to be described 18 designed
especially for use on a vehicle having circuits
and apparatus such as invented and used by
ro Mr. Edison, comprising a motor, a switch at
each end of the car for controlling the same,
~one switch closing the cireuit of the motorin
one direction, and the other switch closing

the circuit of the motor in the opposite direc-
25 tion only,and both switehes serving to throw |

resistance into or out of the field magnet cir-
cuit; and also to control the resistance in a
 shunt around a magnetic cluteh which serves
‘to transmit power from the motor to the car-

30- axle. It will be clear, however, that several

features of the present improvement are ap-
plicable to other circuits and locations.
"~ In the accompanying drawings, Figure 1 18
‘a view of the switeh, the inclosing case being
35 in section; Fig. 2 is a plan view of a handle
for operating the switeh; Fig.2%1sa side view
of the handle, partlyin section and on a larger
‘scale than Fig. 1; Fig. 3 is a view of a car
‘platform showing the switch apparatus and
40 resistance box in place thereon; Kig. 4 is a
plan view, with parts broken away, of a part
of the apparatus; Fig.5isa diagram illustrat-
ing the switch as applied to the circuits of a
vehicle; and Fig. 6 is a eross-section of the
45 drum 7 taken above the second row of con-
tacts and looking downward. |

In Fig. 1, 1 is the back plate ﬁulpporting the

several parts of the switch by means of brack-
ets 2, 3, 4, and is adapted to be secured to the
so dash-board 5, of Fig. 3. 6 1s a sheet metal

| in the case is a stationary cylinder 7 of 1n-

sulating material, such as wood. This eylin-
der is held between the caps 8 secured to the
two brackets 3,4. Through the center of the 55
cylinder extends a spindle 9, to whieh I8 se-
cured, so as to turn therewith, arms 10, 11
and 12. To the first two arms, but insulated
therefrom, is connected a cross-arm 13, and
this arm carries several brushes or current 6o
collecting devices 15, and an additional brush
or device 16 which is insulated from the arm
13. All of these brushes bear on the circular
rows of contact plates or strips on the ¢ylin-
der, as shown, and from the several plates 65
wires extend to the resistance box.. No at-
tempt is made to indicate in Kig. 1 the man-
ner in which these contact strips are divided,
that being shown in the diagram. The con-
tacts are so arranged on the e¢ylinder that the 7o
switeh brushes do not have to travel entirely
around to pass over all of the contacts. DBe-
low the arm 11 are two conducting rings 17
on which bear brushes 13. T'he upper ring
is connected by wire 19 with the arm 13, while 73
the lower one is connected by wire 20 with
the insulated brush 16. The arm 12 carries
a contact brush 21, 22 at each end. The
former co-operates with a series of short con-
tacts and the latter rides on a long contact,
for a purpose hereinafter deseribed. The ar-
rangement of contacts is such that before

8¢

‘brush 22 reaches the first resistance contact,

the main brushes will have passed over all
of their contacts. Near the upper end of the 8y
spindle is a circuit maker and breaker con-

sisting of a block or disk 23, having several

cam faces, as shown in Fig. 4. Alternating
faces are provided with the conducting strips
or plates 24, while the other faces are of in-
sulating material, and terminate in shoulder
25. " This block or disk 1s free to turn on the
spindle, and is turned by means of the block
26 which is connected with it. This block is
provided with several holes 27 adapted to re- 95
ceive a handle 28 by which the block may be
tarned. When the handle is in position fo
hold the block turned to close the circuit by
bringing the springs 29, 30, onto the conduct-
ing strips or plates 24, the handle will rest
in a loeking device 31. The block 26 18 pro-

OO
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lug 33 of the switch handle can move when | and the magnetic ¢luteh. It is thought un-

sald handle is turned to operate the switeh.
Communicating with this cavity is a passage
34 of the shape shown in Fig. 4, that is, ex-
tending in two directions as indicated at 34’
to admit the projection 33 of the switch-han-
dle.
30 which is provided with an opening for the
reception of the handle, said opening being
extended 1n one direction only to admit the
lug 33, as indicated at 36. 37 is a spline or
rib on the spindle adapted to fit the corre-
sponding groove 37" in the sleeve of the han-
dle. 88 is a box which contains resistance
lamps or devices 39, said resistance being
thrown into or out of circuit by the switch
apparatus.

Referring now to Fig. 5, we will describe the
application of the apparatus to the circuits of
a vehicle motor: The contacts of the drum 7
are shown developed at 38’. The first contact
plates 40, 41 of the upper rows are as long as
the several contacts42 of the lower row. Be-
tween each contact of the latter row is in-
cluded a resistance lamp or device 39. The
strip 43 extends half way or more around the
switch eylinder, and is connected to contact
41. Between the contact40 and the succeed-
ing contact 40’ are connected resistance lamps
or devices 39, as shown. DBetween contact4l
and the succeeding contact 41" are connected
several of such resistance devices, for exam-
ple three, and so on for the succeeding con-
tacts. The last contact plate 41’7 is connected
with 43’. Thethreestrips 44are not connect-
ed with thecircuits. The contacts 40’ of the
first vertical row are connected with corre-
sponding contacts at the right of the strips
44, asshown. Thecontacts of the succeeding
vertical rows are similarly connected, al-
though to avoild confusion this is not shown
in the drawings. 451s a trolley wire against
which trolley 46 bears. From the trolley
wires extend to the two switches arranged at
opposite ends of the vehicle. The circuit is
shown closed at the left of the diagram, the
springs 30 resting on one plate 24 and the
springs 29 resting on the opposite plate. From
one of the springs 50 a wire 47 extends to the
lower commutator brush 48 of the vehicle mo-
tor, and from the upper brush a wire 49 ex-
tends to first spring 29, and from the opposite
spring a wire 50 extends through the coil 51
of magnetic cluteh, and thence to ground G.
From the trolley wire branches a wire 52
which extends to the upper brush 18; thence
by wire 19 to the switch-arm 13. From con-
tact 40a wire 51’ extendstothelowerbrush1s,
and thence by wire 20 to the insulated brush
16. Tromthecontact4l awire52’ extendstoa
brush 18" at the opposite switch and by wire
19" to the switch-arm 13/, and thence by wire
53 through the field magnet of the motor and

by wire 54 to ground G. The long contact
plate or strip 42” is connected by wire 55 to
wire 60. The first contact 42 is connected by
wire 56 to the ground wire between the ground

Over the block 26 is a plate or bracket

necessary to deseribe the connections of the
switch at the right in detail, they being the
same as alreadyset forth. Thecontact plates
may be arranged on the periphery of the drum
as indicated in Fig. 6, where the contacts 41,
41" &e. only oceupy a portion of the circum-
ference,and all the changes necessary can be
made by moving the switech brushes 15, 21
&e. through an arcof ninety degrees or alittle
more. The contacts 42 on which the brush
21 bears are dotted in, being below the bottom
of the drum 7. "These contacts oceupy the
same arc as the long contact 41.

- When it is desired to start the motor, the
handle is put in place, which can only be done
when the block 26 is in position to hold the
circuit open at springs 29, 30, since in that
position oneof the extensions 34’ of the open-
ing 34 will be in line with the opening 36.
When the handle has thus been put in place,
the block 26 is turned by placing the handle
28 Inone of theholes27 and moving it through
forty-fivedegrees,therebyallowingthesprings
29,30 to snap from the shoulder 25 of the insu-
lating block onto the conducting plates 24,
suddenly closing the motor circuit at several
points. Thismovementoftheblock 26 brings
the shoulder at the upper side of the cavity
32 under the extension 36 of the opening in
the bracket 35 and forms a trap or loek so
that the handle cannot be withdrawn, since
the lug 33 when in line with the opening in
the bracket would be directly under said
shoulder. To remove the handle, therefore,
1t Is necessary to tarn the block through a
quarter revolution. With this arrangement,
it is impossible for the operator to remove the
handle withontbreaking the armature cireuit,
and he must break said circuit before he can
close the circuit of the motor in the opposite
direction at the other end of the car, since the
other switch isoperated by means of the same
handle. Itwill be evident thatwhen the sec-
ond quarter turn isgiven to the block the cir-
cult will be brokeninstantaneously at several
points.

The armature circuit may be traced as fol-
lows: Ifrom the trolley to wire 47 through the
armature to wire49, to wire 50 and to ground.
By tracing the cireuit through the opposite
switch, it will be clear that when that switch is
used, thecircuit through the motor armature

1is from the upper brush to the lower brush,

hence when this switch is used the motor will
bedriven in the opposite direction.

The field magnet circuit may be traced as
follows: From the trolley wire 52, wire 19,
switch-arm 13, to wire 52/, to the switeh-arm
15" at the opposite switch to wire 53, throu oh
the field magnet to ground. This circuit con-
tains no artificial resistance. With the cir-
cuits in thiscondition, the motor will be run-
ning at a speed to drive the ecar about four
miles an hour, but the car will not be moved
because the cluteh is short-circuited by wires
50, 55 and 56 and switch-arm 12.

70

75

30

0C

95

ICO

105

IIO

115

120

I25

I30




~suceeeding conmcts 42, thereby throwing
more and more resistance into the short-cir-.
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TO Sta,rt the car the SWltch arm 13 is moved
toward the right brmwmﬂ‘ the brush 21 onto

cuit and inereasing the amount of current

through the clutch coil 51, until finally spring

21 passes from the last eoumct 42 and breaks

the short cireuit or shunt to the clutch. This
movement of the switch has not affected the

cireuit of the field magnet, because of the
length of the plates 40 41 but just after
clutch short-circult is broken the switch-arm

comes in line with the first vertical row of
~ contacts 40",

This throws six resistance
la,mps or devices into the field magnet circuit
in multiple are, thereby increasing the speed
"When the switech-arm is moved
onto the second vertical row of contacts 40

six more lamps are thrown into the field mag-
net eireuit in multiple are, but in series Wlth

the first six lamps, and so on for the four ver-
tical rows of lamps. The next movement of
the switeh will throw out of eircuit the upper

line of lamps, leaving four groups of five

‘lamps each in circuit; while the next move-

ment will cut out the second line of lamps

and leave four groups of four lamps each in
~e¢ireuit; the following movement will cut out
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‘be clear without further description.
‘this it will be seen that the operation of the

the tlm*d TOW leavnw four groups of three
lamps each in cireuit; the next movement,
which brings the SWlteh -arm onto the first

vertical row of contacts at the right of strips
44, will give five groups of three lmnps each,

the urcmt being over the switch-arm to the

first vertical row of contacts 40’ by means of
the connecting wires through three lamps in

multiple arc to plate 40, by wires 51 and 20to
the contact 16, o contact 43 to 41", through
four groups of lamps, and thence to the field
magnet. When the arm is again moved three
more lamps will be thrown mto circuit, as will
From

switeh deseribed first varies resistance cluteh
short-cireuit, then breaks said short circuit,
and then throws reSlstance devices into the

field magnet circuit in large multiple are

50

55

groups, thﬂ number of groups gradually in-
creasing and then, while maintaining the
numbel of groups in said ecircuit, radually
decrease the number in each group untﬂ the
number in each group is reduced to three (or
any suitable numbel),‘ and then gradually in-
creases the number of these small groups,
whereby by a simple movement of the switch-

“handle, and by the use of only twenty—four

60

1651&,13&110@ devices, ten different resistance

units may be thrown into the field magnet

cireuit, for the purpose of regulating its speed
from 11:5 minimum speed say, four miles an
hour up to its maximum speed, ::153 twelve
miles an hour.

- We are aware of the an@h {ion set forth in

- Mr. Edison’s application Serial No. 578,29¢.

The cireuits of ourdiagram (Fig. 5) di

i

er from
the circuits set forth in said application only

‘tact brush carried by satd arm

switching apparatus, and in having two sets
of resistance devices, one at each end of the
car, instead of having one set of resistances
arranged beneath the car and having wires
extending therefrom to the two switches.

What we claim 18,

1. The combination in a switching appara-
tus of a stationary cylinder on the surface of
which are aseries of contact strips or plates,
a spindie passing through said eylinder,
means for turning said spindle, and an arm
having contact devices co-operating withsaid
contact strips and moved by the spindle,
means for preventing more than one success-
ive rotation of the spindle in the same direc-
tion whereby the switeh-arm 18 moved over

3¢

the eylinder contacts, first in one direction and -

then in the other substantially as described.
2. The combination in a swit¢hing appara-
tus, of a stationary cylinder or drum,a spindle
passing loosely through it, means for turning
the spindle, & SWItOh-ELI'm carmed by the spin-
dle and having several connected contact de-
vices co-opemting with corresponding rowsof
contacts on the drum, and an insulated con-
m and co-operat-
ing with a corresponding row of contacts on
the drum, substantially as desecribed.
- 3. The combmatmn In & switching appara-
tus, of a stationary cylinder or drum on the
surface of which are a series of contact strips
connected through resistance lamps or de-
vices, & spindle passing loosely through said

“drum, means for turning the spindle, dnd an

arm having contact devices co-operating with
said contact strips and moved by said spindle,
means for preventing more than one success-
ive rotation of the spindle in the same direc-
tion whereby the switch-arm is moved over
the spindle contacts, and the resistance in cir-
cuit is varied, Substantmlly as deseribed.

4, The combmatmn, in a switch, of a cylin-
der or drum having contacts and a switch-
arm co-operating therewith, of a circuit maker
and Dbreaker loosely mounted on a spindle
passing through the drum, subsmntmﬂv as
deseribed.

5. The ecombination, in a switch, of a cylin-
der or drum having contacts and a switch-
arm co-operating therewith, of a circuit maker
and breaker loosely mounted on a spindle
passing through the drum, said cireunit maker
and breaker conSIStmﬂ* of a block having al-
ternating, eenduetmn and non - conduetmt‘r
cam ffmeg and co- operatmm eontaet Springs,
Shb&.tantmlly as described.

6. The ecombination, in a switeh, of a eylin-
der or drum having contacts and a switch-
arm co-operating therewith, of a circuit maker
and breaker loosely mounted on a spindle
passing through the drum, said eircuit maker
and breaker consmtmn‘ of a block having al-
ternating, cend‘uetmg and non - eonductmn‘
cam faces and co-operaling springs, means fdr
moving the spindle, and independent means
for moving the circuit maker and breaker

in certmu eonnectmus du.e to Lhe f01 m of our l substantmlly as described.
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7. The combination of a switeh, a remov-
able handle for moving it, a trap or lock for
holding the handle in place when the circuit
18 closed, and means independent of the han-
dle for operating said trap or lock to release
the handle, substantially as desecribed.

3. The combination of a switch mechanism
having a spindle by means of which the switch
may be operated, a handle adapted to fit said
spindle in a certain definite position, a plate
adjacent to the spindle having an opening
adapted to receive the handle, a block adja-
cent to the first plate and having an opening
also adapted to receive the handle, whereby
when said openings are in line the handle
may be put in place or removed, substantially
as deseribed.

9. The combination of a eylinder or drum
on the surface of which are contacts, a switeh-
arm having contactdevices co-operating there-
with, a spindle passing through the drum and
serving to move the movable member of the
switch, a second switch-arm with contact de-
vices also moved by said spindle, and con-
tacts connected by resistances with which said
devices co-operate said second switch-arm and
its contacts being arranged to effect their op-
eration before the first mentioned switch-arm
and contacts, substantially as deseribed.

10. The combination of a motor, a series of
resistances a switeh for throwing said resist-

ances into cirecuit in groups and means for |

closing the armature circuit in one direction,
only a separate switeh and a separate set of
resistances, and means for closing the arma-
ture in the opposite direction, only substan-
tially as deseribed.

.
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11, The combination of an electric motor
and means at two different points for control-
ling it, each of said means consisting of a se-
ries of resistance lamps or devices, a switch
for throwing said resistances into the field
magnet circuit in large multiple are groups,
the number of the groups gradually increas-
ing, then in multiple are groups with decreas-
ing numbers in each group, and finally in
small groups gradually increasing in number,
substantially as described. |

12, The combination of an electric motor
and means for controlling it consisting of a
series of resistance devices and a switch hav-

ing contacts for throwing said devices into

the motor cireunit by a simple movement of
the switch-arm in large multiple are groups,
increasing the numberof groups and then de-
creasing the number of devices in each group,
substantially as deseribed. '

15. The combination of an electric motor
and means for controlling it consisting of a
series of resistance devices, and a switech hav-
ing contacts for throwing said devices into
the motor circuit by a simple movement of
the switch-arm in large multiple are groups,

increasing the number of groups and then de-

10
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creasing the number of devices in each group, 65

and finally for throwing in small multiple arc
groups, substantially as described.
Signed this 25th day of April, 1891.

JOHN F. OTT.
ARTIHUR E. KENNELLY.

Witnesses:
CHARLES M. CATLIN,
JOHN I, RANDOLPH.
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