No. 815,304,

PATENTED MAR. 13, 1906.

C. A, MUDGE.
SYSTEM OF ELECTRIC MOTOR CONTROL.

"APPLICATION FILED JUNE 27, 1905.

. /2 W == “Mm,./ -
- \\\- - - — g _ | hy -
2 p S I5OR LA _ % < s M MW ' B
H { Z & N MNN %r; l..m.. D\hN\ bnt... _— N o r.,...-f..._.._ ._au
% o= 57 B (Al hlmD =_ " ﬁ
a | 2z eltls 27 SO .

=NB
2
witeg
vl

~ WITNESSES:



" No. 815,304, o - - PATENTED MAR. 13, 1906.
- , 0. A. MUDGE.
SYSTEM OF ELECTRIC MOTOR CONTROL.

APPLIOATION FILED JUNE 27, 1905, _ |
| 2 SHEETS—SHEET 2.

m I Y

1!

Fzg 4.9 I R | .
| I~ N |
y -~} \f: Q1Y
2’!, |
BN+ A YE

\W’ \

R ‘si\é%‘& .......... : _. - Cp_
\ \‘,\. \

\‘\-.1111\ »
\wm\\\ \\\W\\\@

ay’/’f// \‘*‘&““1“:7 /-‘:“-“-““‘“‘ A 22 i J|
”é v ' ' /;.,,#T////ml
S / | B .

D

T

Fe——
T ey——t -
A

MM

NN 7 ANRANRNRNNRRNN

NN

Y

T

N\m‘mm@
N

WITNESSES:

- ATTORNEY




UNH‘ED eTATES

PATBN T O¥ FEUE:Q

CHARLES A MUD(JE

OF NEWV YORIx V ‘L"

SYSTEM OF ELECTREC MOTOH CONTROL

No 815 304, I Speelﬁca.tmn of Lettels P&tent | Petented Ma,rcn 13 1906,
- Orlgmel epphee’qlen ﬁIedMereh 2 1905 Senel No.-248, 121 Divided and this eppheetwn filed June 2'? 1905, ‘Rerial No. 267, 204,

lb wZZ whom'w Tae@y'wnwrn | |
Be it know that I, CHARLES A. MUDGE a

- cmzen of the United Stetee residing in New
York, borough of Menhetten county and-

Stete of New York, ‘have made anew and use-

* ful. Invention in S stems of Electric-Motor
o 'Control of thh the following 1s a speelﬁee—

o -tmn

10

‘provements in systems o
‘tors of eleetneelly—propelled cars or vehicles,

My mventmn relates fpert:tculerly to im-

~ although it is applicable generally to_the

. control of electric motors where it 1s desired’

- -to operate the same at one or more reletwely

dlsten oints, and the present applicationis

directed to a modified form of apparatus-dis-

| ;‘elosedel%uresl.B 16,17,18,19,and 20 of the

. drawings o
- the 7th day of November, 1905, No. 804,156.

a prior petent grented to me ¢n

.'The obj ects of the preeent invention are

- substentlelly the same as those disclosed in

.- the before-mentioned patent, the ‘material
. - points of novelty lying, essentlally in the

e structural dewee heremafter descrlbed an«d

illustrated in the accompanying drewmg
" and particularly pointed out mn the elmms as

AT _'the end of the specification.

S 40

i For a full and clear underetendmg of my
. ...  invention, such as will enable others skilled
.. erence is had to the eeeompenymg drewmge
-.“__mwhlch——r IR -
. Fig.1isa dlegremmatlc View of this modi-
. .. fied form of my improved system of con-
electmeelly propelled car, the portable pri-:
oo mary or master controller being shown on
= theleft as attached to the dashboard thereof |
“ i at-one end of the car and on the right to the:
) circuit-controlling contacts developed and op-
L eratively connected to the controlling-cir- '
.. cuits, the main operating device being shown
oL IR pert elevational, part sectional, view and
7 operatively cénnected. through reck—and-—pm—_‘
. 45
- troller and motor-circuit- combiner and cir-
~cuits and circuit connections, whereby the
system may be effectually opereted through
- the agency of compressed air, gas, or a hqmd '
5o illustrating also the epphcetmn of means for
-,f.'-_:_preventmg abnermel current-flow through

in the art. to construet and use the same, rei-

trol, illustrating the same as applied to an

ion’ gearing. ahd shafting to the main con- ! the purpose of - ‘welduw UNNIECESSATY PTo-

' the'motors at any time and also for keeping

B the current—ﬂow Prectleelly conetent there-"

. - -

control for the mo-

-t -m 7

1 through during eceeleretmn I*w 2 1s ‘an
enlereed sectional view. taken Lhreuwh the

main operetmg device, illustrating its opera-
tive connection threugh rack-and- - plion

vice through the agency of compressed air,

is a detail sectional view taken Lhmuﬂ‘h one
‘of the coils and that part of the main control-

stant therethroueh during acceleration.” Fig.
“troller of the drum or cylinder type, in which

adapted to perform the functions usu ally at-
tributable to the single eontrellel-ha,ndle and

Way =y stems. Fig. 5 is a vertical sectional
view taken thmw:-'h Fig. 4 on the line Y'Y and

| as seen 1001{1110 theleet from the boftom to-

We,rd the top ef the drawings in the direction
of the arrows. Fig. 6 is a transverse sec-

‘ward the bottom of the drawings.

ing the operative or controlling parts of a sys-

‘main a modified form, are pointed out. For

gearing with the primary driving-shaft and
- means for effecting the operation Cof said de-
6o -
. gas, or 4 11qu1d the controlling-valves bemfr o
Ulustrated as eleetrlcelly controlled. Fig. 3

ling device which prevents abnormal current-
flow through the motors at any time and also
for keeping the currert-flow practically con-

there is utilized a single eontmller*handle

reversing-lever of ordmexy types of motor-
controllers such as are used in eléctric- rail-

tional view taken thmuwh Fig. 5 on the line Z
7 and as seen looking thereat from the tep to- .

“tem of motors like that illustrated i in the ac-
companying drawings ‘at points relatively
distant from the motors themselves ‘and: of”
effecting such control through the agency of
currents of relatively small velume and a

“number of other desirable features attribut- _
able to the system described and. claimed in
“the above-named patent and'of which the

system herein described and claimed is in the

4 1s a plan view of the primary or master con-.

70

8o

In my prior patent above tefeued 10! ef
| which the preeent application is & division,
reference 1s made to the edwsebihtv of loca fe

0%

lixity in the present eppheatmn reference 1s

_to these matters.:

|-several parts of the s:ystem for the purpose. of 105

_____effectmﬂ* the eperetlon ef the varlous appa~

sherefore had to the dbove named patent as

10C

Referring now to the drewmﬂ‘e in det‘u] Lt_'f. o
1 is to be noted at-the outset that all of the'” o
.+ controlling - conductors which connect the =



~sive, and ¥’ to ¥*, inclusive, while all of the

10

- master controller, shown at the left of the fig- .
ure as incased in the metallic box and at the |

20

25

30

45

50

- 1 do not Jimit myself to this particular con- |

- struction which could.: be operatively con-

.53

60

‘motors practically constant; during

~ductorw. MM is the main operating device ,

“as shown, and eonnected by the conductors

combiner, The movable contact - strips for |

tyF e, the construction and operation of which
18 famuiliar to those in the art and is shown as

1s located in an air-

the letters w to w®, inclusive, ¢’ to z?, inclu-

conductors which convey the main or work-
ing currents to and through the main con-
troller, the motor-circuit combiner, and the
means for maintaining the current-flow to the
_ ng accelera-

tion are repregented by the heavy. lines and
letters W to W7, inclusive.” R
In Fig. 1, CB represent the primary or

sight as baving its cylinder developed, bein
provided with movable contacts A, B, an
C, A being “ahead” and B “back” con-

tacts. sw 1s a multiple switch for discon-

necting all of the conductors z’ to ¢, inclu-
sive, from the circuit. sr is a secondary re-
sistance for limiting the current-flow from the
main or working circuit W to the control-con- |

(1llustrated in detail in Figs. 2 and 3,) which
shows plainly the parts operated by com-
pressed air as well as those operated by elec-
trical energy. MCis the main controller, and
RH 1s a main resistance divided into sections, .

W’ to W? to stationary contact-fingers in the'
main controller, and MR is the motor-circuit

cutting the resistance into and out of the cir-
cult are carried by the drum of the main con-

troller MC, which is supported by the shaft |

S’ and the motor-circuit combiner MR by the
shaft 3%, both shafts being connected to the
shaft S, which is journaled in the supporting--
frame of the main operating device MM, - -é’-
and C° are solenoid - coils for operating the
motor-circuit combiner MR and are ineluded
in the control-circuits y* and ¢/. A’ A F’ F*

represent the armatures and field-coils of two |
- electric motors.of the series type connected

to the contact-fingers of ‘the. motor-circuit
combiner MR. The main controller MC is
represented’as being of the drum or cylinder

opening the motor-circuit in' passing from se-
ries to parallel combination of the motors.

struction, as it is evident that any other con-

nected to the shaft S” might be used in its
stead. The motor - circuit  combiner ‘MR,

which is'carried by the shaft S?, is-the same -
as that described in my before-mentioned

prior patent, and-reference may be made to'|"em

the text and drawings thereof for a detail de-
scription of its construction and operation. -

Referring to Fig, 2, T will describe the-
main operating device MM, The piston P
cylinder and is provided

815,804

joining
_being understood that when a number of cars™

~are thus connected togethier the system of
‘controlis of the ty:l?ej known asthe “ multiple-
unit’”’ -syd 17 represents the _trolley-

conductor or third-rail, and
collector or trolley-shoe,

| unit”’

‘to Fig. 6,

with.a rack-R and a-return-spring, said rack -
being

geared to the pinion P/ and main shaft |-

S.. P is an itilet-pipe running to a suwof o

compressed alr or gas, (not shown,) an

are respectively the main and exhaust‘,valves;. N :
(> and C* are solenoids for controlling the

movement of the valves V’ and \'A tl}a ar-
rangement being such that when air is ad-

70.

mitted through the valve V’ it moves the

piston P from right to left against the action

of the spring, and when exhausted through

valye V the piston moves from left to right

‘under the return action of the spring.

75._..‘

- In Fig. 3 is shown the means applicable to

this form of the invention for preventing ab-

normal current - flow through the motors at |

any time and also for keeping the current-flow

‘practically constant therethrough during ac-
celeration. In this part of the apparatus the -
collsC’and CPare sorelated that asthe current, .

in the coil (".increases it (froduc.es a field tend-
ing to weaken that produced by the coil C,

8o

thus allowing the valve V’ to close, which =~
shutsoff the air-supplyand stopsorretardsthe

forward movement of theg piston'P. In the

wiring of each car the confluctorswtow?, inclu- -
sive, are preferably inclosed in a flexible coni-
“duit-or cable, like O, and at each end of the

car these conductors are provided with con-

tacts, as shown diagr

electrical connections of one or more cars, so

cable between each pair of cars being pro-

tacts _ agrammatically at the
right of Fig. 1 for the purpose of effecting the © .
i : . 95

-as to make the system of control applicable ~ -
to train service, a flexible interconnecting .

vided with contacts for connecting the ad- |

sets of contacts above referred to, it

“gystem.. Tr
T the current-

100 |

105

Referrinlg now to Flﬁ 4,5, aﬁd'ﬁ, 'ahd first
w1l

Il describ. |
primary or master controller applicable for

‘use in connection with this novel modified
system of my invention. CB represents the

the especial form of .

1o

primary or master controller inclosed in a
metallic box, as shown, the same being illus--
trated in Fig. 1 as attached directly to the -

dashboard X on one of the platforms of g car

through the agency of a locking-plate 11, hav-

ing a slot 10, the arrangement being such

115

that the controller can only be removed when

the locking-pin 9 and lever 7 are in the pesi--
tton shown 1n Fig. 6, all substantially as de-

scribed- and .shown: in the: before-mentioned

prior patent and in which patent claims are.
nbodied with relation to this particular fea- - -
ture of locking-the master-controller perma-
nently in position at all times when the con-

troller-handle is in al&y
what is known as ‘“oft’

a

129

-[l:[-_:"'
TR

us

other position,than
" position. - m repre- = -

sents an electromagnet . which is.provided -

with two energizing-coils, one in circuit with

the stationary contact.a and the controlling-

+

_1130 .
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-.-_oonduotme W

~‘ner as to hold said contact away from the A

-, or B contacts, according as the handle H 1s

. rotated elther to the left or to right when the

1o
- larlydescribed in connection with the deserlp— |
o tlon of the mode of vperation.

magnetmis. energlzed as will be more particu-

" ‘and back are directly on the top plate of the

_controller and indicated by the numerals 12
‘34 in either direction from the numeral 0 in- |

dicating the off position, and the other nu-

~merals the eheod or back positions, according
“as the handle is turned, -as shown by the
“eurved ATTOWS. | -
Referring now to the d1egremm‘ttlo view
‘llustrated in Fig. 1, L will describe the mode of |
_operation upon the suppostion that the

(See T I‘lo‘ 4.)

port-
able primary -or master controller CB" has

been transferred from the position shown al,
the left of the drawing to the right-hand Po-,
~on sition, where the operating-contactsare shown;
S as developed With the contacts in the-posi-

. tion shown in this development there is elec-:

: 30

' the conductor W to the point # on the main'
controller MC, an additional potentlel oceur-:
ring throu

trical potential from the trolley T through

rh the branch conductorw’, throu crh
the secondary resistance sr to conductor W,

and thence to eonteot-—ﬁnfrer ¢ of the meeter—
 controller.

, ' tacts A and BC are moved un der the contact-:
-~ fingers to position marked ““1,” which com-:|

net m, to conductor w’ z’ v, through 50- |

a. forward motion of the car as observed.
If a‘reverse:

to oonduotor wt ¥ Y

"-'?'-':"through solenoid - coil C2 to the etetloner}
‘brush p’, contact-strip §’, conductor ¢5,

coll
of the magnetic_clutch M to earth: a,t E"

- Current ﬂows through this olroult and ener-

. gizes the solenoid C?, which attracts its core..

o "~ The magnetic clutch M is attracted and held. |
Y 6o

fast to-the disk D, which is attached to the
shaft 82, and~the motor—elreult combiner MR,

S 18 rotated until the eurrent 18 interrupted.
by the oonteot E‘trlg
~ the lower right- he,n

s’ peesmg from under
brush p/ as it slides off: |

. y" ‘H.nd the other Wlth the-
- stationary contact b and controlling-conduc-
- tors w? ¥* ¥?, running, respectively, to the re-
--_-versmg—eolenolds C* C?*, the.armature of the
¢ electromagnet being’ pleeed directly . above |
" “the yleldmg supported contact ¢in suchman-

| _eis;e;oi

-1

- pletes the circuit fromttoo thlou oh the mag- ||
L 40
. lenoid-coil (%, to the stationary brush p on:
“ . the drum ot the motor-circuit combiner MR,
.- where the circuitis mterrupted which meenej
-~ that the-motors are properly eonneeted for:
g
o 5 from the right- hend pletfolm
- motion of the car 1s -desired, the contacts B:
. -of the master-controller are moved under the:
'~ contact - fingers ‘to a - position 1’ corre-:
sponding to that in the forward position, .
. ,which completes the circuit from ¢ to b
o+ through the magnet m, raising the ﬁnger i
- Irom 1its contact-strip,

‘inlet - pipe P* to the rear of the
‘driving ‘it forward, and, thus rotating the

-' Pn |

-devloe and the: main eontro11e1

“motors out of circuit, the mester—eontroller'-' ;
is returned to off or 0 position, which in-

2

the elromt eonneetmw eontoet ﬁncrerb car ried

by the motor-circuit combiner MR arein the
position S”, giving proper connections for a
Teverse motion of the car as observed from
«the. right-hand platform.

As soon as: the

-metor-elrcmt combiner is in its proper-posi-

710

tion the circuit is interrupted and the mag-

net min the master-controller is deénergized,
-allowing the contact-finger ¢ to fall on 1ts
oonteet-strip which eompletee the circwit d -

w® x® 4*, coil C* to earth at I, eloemg the ex-

3 heust-—va,lve V.
“The several indicated positions for eheed

Position “27? of the meeter—eontroller es—- ;

tablishes the circuit e w* ot y* #* ' [* {7 y
coil (3, to earth at E. - This opensthe valve V"
a,dmlttmg compressed air or gas through the

piston P,

main eontroller MC untll the contact a,t t#
is broken, which interrupts the current

through the coil C°, and the valve V' drops,

R0

‘cutting off any further air-supply, .and the
main con Jroller MC 1s held in position “1,”

which'is the first running pos&tmn of the mo-—- "

tors—series ¢ombination with all resistance go

Position “3" of the master-con-
‘troller advances the miain controller in a

1n circuilt.

similar manner to position “5"’—motors in

series oombmetlon mth all 1es1stanoe out of R
' 95 -

elreult

Position ”4” of the meeter—oontroller ad-
vances the main controller to position “9"'—

‘motors in parallel combination with all re-

sistance out of circuit. Between positions

1“5’ and “6’’ of the main controller the mo-

For forward running the con-!| tor-circuit combiner operates to throw the -

This is effected by the ~
|'cam D/, Fig. 1, moving the roll 7% which is at--
tached to the crenk-—erm K’ throu h the link"
| L* away from the center of. the sheft S, thus -
‘turning the crank-arm K’ and the ettaohed
shaft S* with the ¢ ylinder of the motor-cir-
cuit combiner MR - through an angle suffi-
| cient to move the .contact-stripg far. enough -
'so that the contact-terminals of the. motor-
circuit combiner shall take the position P’ or ©
iving parallel combinations#f the mo- =

metors into parallel.

I_'OO'

I10

tors for forward or reverse running. Inas-

| much as this operation takes place while the =
| motor-current 'is interrupted, no arcing can r1

I15 -

possibly occur at the motor-circuit- combiner -

terminals, and hence no ero—mterruptmg de-
vice 18 reqmred -

If itis desired to run at a. speed oorreepond-' |

ing to any other than positions “1,” 57

9" of the main controller; the master-—oon-- R
troller is returned- to poeltloh ““1"’ when the
desired speed has been reached.

* 120

ThlS arrests B

any further movement of the main: operetmn* -

"To cut the

terrupts all. control-circuits and the valve V. o

‘of the main operating devise opens, allowing

' 6 5 the eonteot-—etrlp s’ Whlch tekes pleoe when i the alr in the oy]mder to e‘{heust and the

L

130
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- position, as illustrated in Fig. R
' the means employed for
~ obtaining a constant acceleration of the mo- |
tors as well as for keeping the motor-current, |

5

. the piston P an
- /which would t

piston P is returned by the
2.
- Fig. 3 represents

- T

within a predetermined limit. The coil (7 is
connécted .in either series or shunt with one
of the motors, the same being represented in

- Fig. 1 in series, and the magnetic field pro-
10,

duced by it varies with the motor-current.
The valve V' is'adjusted to open wide enough
through the influence of the coil (5 to give
1ts connecting parts a speed
d t0 cut, the resistance out of

idly, thus starting the motors

circuit too ra,?
y

up teo quick

- Creases above an amount which produces a

[ .*20_'

-
- 4

35

- .. 1ng the valve V’
- P to move more

3 30

torque sufficient. for the desired acceleration,
coll C7 produces by its differ- ;'
field which weakens that pro-

the current in
ential action a
duced by ‘coil

C* and

thereby retarding the movement, of ‘the pis-
' of the main resist- |
, ) . As‘the counter--
electromotive force of the \INotors mcreases |

ton P.and the cutting out
ance 1n the motor-circuit,
the current in the coil (7 is decreased, allow-
to open agaimand the piston

tically. constant - _ .
t from exceeding a pre-

master-controller im-

tion, the car starting forward at a brede-

" termined acceleration iﬂd_ﬁp’ﬂﬁdﬁ‘n# of the will -.

- of the motorman. -

- In case the motor-curgent is interrupted at

40

- .open widely, allowin this transition to be"
| his i3 due to-the fact
that the current in the coil (7, Fig. 3, is inter-
rupted; and consequently there is no Oppos-.

- from series to paralle

any time during the ‘operation of .the main
operating device-—a

; for instance, in passing
controller shownin Fig. 1—thevalve V' would

made very rapidly.

" ing field to that formed by the coil C¥; which

- acts to open the valve
-thereby allowing more air to rush in behind
the piston P, thus driving it rapidly forward,

50

- the main controller being turn
‘parallel position, having the
~ value per motor that the last

-*

ed.quickly to a
same current
series position

) -' " had. his automatic feature insures the

55.

60

apparatus contro

shortest interruption of current, and ‘hence

~motor torque, in that form of controller which
B O})QHS‘thB cireuit between the series and par- |-
all

el combinations of motors. If the tro ley-
current is interrupted at any time, all of the
ing the-motor-currents re-

- turns immediately to the off position with-

out any action on: the part of t
- and 1If he does not return the
“troller to the off position before

65.

e motorman,

the trolley-

current is-again established the motor-con-

As the motor-current in-

‘the valve V* eloses,

F ton rapidly. In this manner
~ the current in the ‘motor-circuit is kept prac-
during the starting.of the
-motorsand is also ke '
-~ determined value.
/- 1t possible to turn the _ _
~mediately to the full parallel running posi-

his feature also makes

V' to its fullest extent,

master-con--

Pfihgl to its off |

!

s SCI‘_ib.e

systems heretofore

{

|' I claim, and desire to

!

‘car 1s coasting the main

‘Speed, after which it pr

. 8153()4}. ‘_

trolling 'appar&tu's".’is

reéstablished, . B
- I do not-limit my invention to thé numer-

_ous details of construction illustrated in the

—

“accom(fanying drawings and hereinbefore de-

come within the
ter made. - S N L
I also desire it understood that while I

scope of my claims hereinaf-

8d, as 8 number of the features thereof
might be materially departed from and still

| ahtométically tumed
Into that position corresponding to the speed
of the car at the time the trolley-current was

75

have shown my means of motor control as

applicable to two motors of .
do not wish to be limited specifically to this

combination, as the samé might be applied =
' to any number of motors, either of the direct

or alternating current type.

the series type I

It is of course obvious. that numerous de- .

talls in the nature of hand-switches, fuses,
- circult-breakers,

&c., are purposely left out

of the drawings, so as to avoid confusion.

'L am aware that there are many systems of -

which the current-control-
ling devices are operated pneumatically; but
to my knowledge ‘theré are none in which
these devices are operated by the continued
application of a fluid medium. - Most of the

motor control in

ed operate either ‘by ste -by-step motion of
the controller produced by the reciprocating

-motion of an air-piston or the successive clos-
_ ough separately-operated
‘pneumatic devices. In the system herein

|

‘the controller

ing of contacts t
described the pneumatically-operated device
advances far enough in one direction to turn
through the

troller is operate

turned rapidly forward, advancing the con-

9o

proposed and construct- -

95

100

different running

- positions of the motors either in a step-by- -
|’ step- motion or a econtinuous motion, depend-
‘ing upon the way in which the master-con-
' ' and also upon the value of
-the current in the motor-circuit.. For In-
‘stance, if the current is turned on while the
' operating device is

16§

110

troller to a position corresgonding to.the

eds in a step-by-
are 1n the pos]-

S;-'i_n, a

step motion until the motors.
tion indicated by the handle
controller. . The manner in which

1 this. im-
portant feature is attaine

1s new, as far as I

am aware, and the claims appended hereto
are intended to include it. i |

of the master- -

115-“

‘Having thus described my invention, what

: secure by Letters Pat-
ent of the United States, is— | |

operatively connected with current-control-
ing devices: in combination with independ-
ent 1nlet and exhaust valves therefor and in-
dependent electromagnetic means for aperat-
Ing said valves, whereby. said fluid means Is
operated through suceessive steps by the con-

tinued -application of a_fluid medium, sub-
stantially as described, - :

120

1. Inasystem of motor control ﬂllld means' .

125

T30



815,804

- 2. Ina systgmbf motor control fluid means

operatively connected with current-control-

~ling devices; ir: combination with independ-
ent inlet and exhaust valves therefor and 1n-

dependent electromagnetic means for operat-
ing said valves; together with a master-con-

~ troller provided with indicating means, the

fliid means being advanced by the continued

| L apphcatmn'of& ﬂu1d _1_];1(3_(1]'_11111#. Substanti&]_]}r

' TO

as described.

3. In & system of motor control fluid means

. operatively connected with current-control-
- hng dévices, said fluid means embracing a

~ piston, a cylinder and independent-electric-
ally-controlled valves therefor, the arrange-

‘ment being such that the piston is advanced

B by the continued application of a fluid me- |

. '- dium, substantially as described.

- 20

4. Ina system of motor control pneumatic

means operatively connected to current-con-
-~ trolling devices, said means embracing a pis-
. ton, and independently-operated valves for
~advanecing the piston through the continued
‘application of a flpid medium; in combina-
tilon with a master-controller provided with
indicating means, substantially as described.
- 5. In a system of motor control pneumatic |
‘means operatively connected with current-
- controlling devices; in combination with elec-
_tromagnetic control-vaives therefor, and cir-
. “cuit connections whereby the speed at which

~ the pneumatic means operates i5 made de-
pendent upon the motor-current, and the

- movement of the operative parts of the pneu-

_ 3

40

~ trolled for stoppin

- trolling devices mg
 erative parts of the pneumatic means being
advanced by the continued application ol a
‘pneumatic medium, substantially as de-

matic means is miade continuous by the appli-

cation of a fluid medium, substantially as de-

seribed. . S o
6. Ina system of motor control pneumatic

means operatively connected with current-

controlling devices; in combination with elec-

trically-operated valves independently con-

o and retaining sald con-
lifferent positions, the op-

- - scribed. -

50

7. In a system of motor control a master-

- controller, a-main pneumatic operating de-
vice and electrical . connections therefor, |

whereby the operating device is continu-
ously advanced through successive steps by
- the application of a pneumatic medium-made

- 55

-eratively ted 0f
~ device, and.means at the master-controller |

- dependent upon the motor-current; in com-

bination with current-controlling devices op-
connected to-the ¢main operating

~ for indicating the different steps, substan-
tially as described.- SER

_'60_'

‘8. In asystem of motor control a'main Gp—

- _erating device, c¢urrent -~ controlling means
. “mechanically connected thereto, a' master-
~.controller eleckrigally connected thereto, and
 circuits and circdit connections betiveen the

65

motors and the main operating device, where- |

¥

by the movable parts of said main operating

device are advanced at a rate made depend-
ent upon the motor-current through succes-

sive steps by the continued application of a
‘pneumatic medium, sald master - controller
being provided with means for indicating any

definite step, substantially as described.

>3

9. In asystem of motor control a controller;

a pneumatic main operating device therefor

| provided with electromagnetic means of con-
trol embracing two circuits one of which is

included in the motor - circuit: proper and
embraces an electromagnetically-controlled

valve, whereby the motor- current is kept -
practically constant at
as described. |

starting, substantially

75

80

10. In a systen of motor control a ccil'trol-'., |

ler; a main operating device provided with

pneumatic means for advancing it through

successive steps; in combination with addi-
tional means embracing two electric circuits

so related that theeffects produced by one of

other circuit, thereby maintaining the. cur-
rent-neutralizing -circuit within a predeter-
mined valuie, substantially as described.

11. Inasystem of motor control a main op-

erating device pneumatically operated and

current-controlling devices connected there-
to, the said main operating device embracing
an electrically-controlled valve which oper-

‘said circuits tend to neutralize those of the

90

95

ates in-such a manner that the current-con-.

trolling devices tend to keep the motor-current
constant during the starting of the motors as
well as to prevent sald current from exceed-
ing & predetermined value during the opera-
tion of the motors; the electrically-controlled

valve being operated by the combined influ-
ence of the motor-current, or a part thereof,

and an independent current thereto, substan-
tially as described. | -

100

105

12. In a system of motor control a control-

ler; pneumatic operating means therefor; in
combination with two independent control-
ling - circuits including an’ electromagnetic-

‘ally-controlled valve adapted to operate in

such manner that the motor-current is main-
tained practically constant during starting,

| substantially as described. =

'13. In a system of motor control a control-
ler; pneumatic operating means therefor; m.

combination with two independent control-
ling-circuits therefor, one of which 1s 1n-

luded in the motor-circuit and both of which
tnclude an electromagnetic controlling-valve,

the arrangement being such ‘that the com-
bined current effects of said circuits main-

‘tain the motor-current within a fixed valye
during the operation of the motors, substan-
| .1-1131]51' .

. L]
-
[

tially as described.

14. In a system of motor control.a control--

Jer and pneumatic operating means therefor;

in combination with valves and controlling-
electromagnets therefor; together with cir-

cuits and eircuit connections whereby the

I10

115

120

1305; '
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| N nﬁﬁnﬁl-rspeed "of}thé Operatmg "n_'ié'a;nsfis auto- | 19. In a ?sﬂem 6! -m(:pﬁor 'COIif}ol ‘a Tnotor-

‘inatically increased or decreased by the oper- { circuit' com iner, & main confroller, and a . .

- ation of the said parts when the. motor-cur- | portable master-controller émbracing elec-
-~ rent 1S below or above a- definite value, sub- | tromagnetic means for so govemingntghe 0

eration of the motor-circuit combiner and the 70
maln controller that the latter cannot be op-
erated until the former is in e position giving
either forward or reverse connections of the
| motors, substantially as.described. @~ - -
~ 20. In asystem of motor control a master- 15
| controller embracing a magnet adapted to

| attract a contact-finger away from its con-
tact-strip and to thus interrupt a circuit con-
tr-ol]ing the operation of a main, controller,
sald circuit remaining interrupted watil a 80
| motor-circuit combiner has operated to give
the forward or reverse connections of the
motors, thereby making it impossible for the
motors to receive current before they have
been properly connected, substantially as de- 85

-5 stantially as deseribed. - ;-
-+ 15. In a system of motor control a main.
- controller; a main pneumatic operating de-
- vice connected thereto; & master-controller
- provided with means for indicating the vari-
10- ous-steps; in-combination with circuits and
~ circuit connections between all of said parts
- whereby the main operating device an_g the
- main controller are advanced cantinuousz{v,
| - step bystep, and the movements thereof indi-
- 15 oated at the master-controller, substantially
~ asdesetibed. - 1 |
-~ 16. In a system of motor control for elec-
trie-railway cars a. series of control-circuits
- oneach car and interconnecting contacts and |
20 .conductors whereby the control-circuits of
- one car may be connected to the correspond-
~.ng-circuits of another car: a portable master-
controller adapted to be utilized on any car;
-+ -1n combination with electric motors and curs
- 25 rent-controlling devices on one or more cars,
-+ said devices being operated by a single pneu-
- matic operating device locatéd ‘on each’ car
- and advanced through successive steps at a

- .

i

. .21. A'portable master-controller.embrac--
ing a single contact-cylinder operated by a .
single handle through which the forward, re- ~ -
verse and running combinations of the motor gu

or motors it controls are made, said controller ~
being so arranged that it cannot be removed- -
from its seat without first interruptin

‘eircuit connections through it, substan

o Sﬁ@ﬁd depending upon the motor-current by
3o the continued application of a. pneumatic

~18. A master-controller embracing means

- whereby the forward or reverse connections

- and the running combinations of the motors

1t eontrols are made through the operation of
6o

magnetic means embracing a part of the

master-controller and operating so that the

- motors regelve current only after the said

forward or reverse connections have bgen

65 made, substantially as described..

a single handle; in combination with electro-

1

4

‘slower, or stops: entirelf',
u

as deseribed.

when the motor-
current exceeds this value, substantially as
described. | - |
, 25. Two or- more electric motors and a

electrically-controlled pneumatic means for
effecting variousrelations between the motors

~and the resistance; together with means for
interrupting the motor - circuit, said pneu- -
| matic means being so constructed that its 130

L

M’y" --
95

- medium' and electrically controlled by the-| = “22. A portable master-controller embrac-
. master-eontroller from any. of the said cars, | ing ele¢tromagnetic means, circuits and cir-'
substantially as described. =~ .. [ cuit connections such that it is impossible for
.. 170 In a system of motor control for elec- | the motors controlled to recelve current be- -
35 trie-railway cars coupled together to form a | fore/they are interconnected for a forward or 100
-, train, control-circuits on each car and inter- | rexerse rotation, and means at the master-
connecting contacts and conductors whereby __c(/mtroll'er for indicating the same. -
the control-circuits on one car may be con- 23. In a system of metor control for elec-
~~ nected with ‘those of the adjoining car; in | tric-railway cars a portable master-controller
- 40 combination with electric motors on one or | adapted to be connected at different points 105
- ore cars, a single pneumatic operating de- | in a control-circuit extending throughout the
~Vice operated on each car and advanced | cars, one.or more of which 1s supplied with
- through successiye steps at a:.speed depend- | electric motors and suitable controlling ap-
ing upon the motor-current by the cohtinued | paratus; sald apparatus being operated bﬁ
- 45 application of a pneumatic medium, said op- | asingle fluid-operating device located oneach 110
- erating device being connected to-current- | motor-car and contro led by electric means
controlling devices together with a portable | through the master-controller, substantially
- master-controller.adapted to be used on any-| as described. . _ I ,

- carin the train, said master-controller being | -~ 24. In a system of motor control a-con-
.50 80 connected to the ‘current-controlling de- | troller connected with pneumatic means for ris
vices and the. pneumatically-operafing de- | operating it; in combination with regulating.

- +vice through the control-circuits that it con- | means and circuits and circuit connections
- . trols and indicates at all times the combina- | whereby said pneumatic means operates’
~ tions of ‘the motors, substanptially as de- | more rapidly when the motor-current falls
-55 secribed. I - | below a .predeteymined value and operates 120

‘main resistance therefor; in.conbination with 125
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movable part will advance at increased gpeed
during the intervals that the motor-circuit is
interrupted, substantially as described. -
26. In a system of motor control
matic means’ for operating the motor-con-
trolling apparatus; in combination with elec-

- tromagnetic means for so controlling the op-

.10

- 27. In

eration of said pneumatic means that the
speed of operation is inversely proportional
to the motor-current, substantially as .de-
-geribed < o R

F

-~ L]

valve adapted to be operated by a single con-

' 815,304

prieu-

.+ .27. In a system of motor control, a main |
- .controller; & pneumatic operating device con-
. . nected thereto and provided with an exhaust- |

trol-magnet included in the control-circuit,

the arrangement being such that if the cur-
rent-flow through said magnet be interrupted
-at any time during the operation of the mo-

tors the controlling apparatus will be auto-

matically turned to its “off”’ or.open-circuit
position by said ({)‘neumatic device, substan-

tially as describe o
- In testimony whereof I have signed my
name to this specification in the presence of
two subscribing witnesses. |

CHARLES A. MUDGE.

- Witnesses:
- C.d. KINTNER,
M. K. Kearine.
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