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To all whom it may concern:

Be it known that I, Josepr N. Mawmongy,
& citizen of the United States, and a resi-
dent of Wilkinsburg, in the county of Alle-
gheny and State.of Pennsylvania, have in-
usetul Tmprovement in
E].ectropneumatically-Operated Controllers,
of which the following is a specification.

My invention relates to systems of electric
circuit control and has speclal reference to
systems which embody a
pendently operated switches that are adapted
to close in a predetermined sequence for

eifecting the automatic acceleration of elee-

tric railway
The object
the reliability

vehicle motors.

of my invention is to increase
In operation and simplify the
systems 1n which electric

in the control and actuation of a plurality
of switching devices. |

Itlectro-pnewmatic control systems, such as

are well known angd extensively used in con-
nection with electric rallway vehicle motors,
have usually been arranged with pneumat-
1cally operated means for divectly effectiug
the closure of the main circuit switches, elec-
tro-responsive devices being employed for
governing the action of the pneumatic means,

In order to effect automatic acceleration
I & system of the character just mentioned,
particularly when the well known form of
series multiple control was desired, it was
Hecessary to make use of auxiliary or
switches for suitably mterlocking the
switches and, consequently, a complicated
system ¢f control circuits resulted.

T'he difficulty. in properly connecting con-
trol circuits of the kind just referred to and
the time and labor involved in repairing the
sane have led me to
matic connections as to enlarge the scope of
their usefulness and to materially simplify
the electric control circuits, .

My invention is illustrated in the accom-
vanying drawings in which Figure 1 is a
diagrammatic view of
accordance thevewith, and T 12. 2 is a sec-
tional elevation of one of the switches, of
the group embodied in the system shown in

aud 1ts operating and control mech.

Fig, 1,

L

anism. _
Referring to the

| winding 5, a resistance 6

plurality of inde-

devices 27 and 98

‘which operates in

‘and operating mechanisms

relay

main

s0 modify the pueu-

& system arranged in

drawings, a motor 1 is
_ supplied with energy from a trolley con-
€r circult 2; through g |

conductor 8 and g reversing

| switch 4, cir-
cuit being completed through

5 field magnet

7 to a return circuit or rail conductor 8.
The accelerating resistance § is governed
by a plurality of control switches 10, 11, 12,
13, and 14 and the motor cireuit 1S estab-
lished through a line switeh 9. The revers-

and a conductor

60

ing switch comprises a movable contact car-

rying member 15 which is provided with
main contact segments 16 and 17 , control or
relay contact segments 16* and 17 a plu-
rality of engaging contact fingers 18, 19, 20,
21, 25, and 26 and fluid pressure actuating
26.  The movable member
is adapted to occupy either one of two po-
sitlons ¢ and & and the admission of fluid
pressure to the devices 26 and 27 from a
storage tank or reservoir 29 is governed by
electro-magnet valves 98 and 94

~ Ibach of the switches 9 to 14, 1nelusive, is
normally held in “its open position by a
spring 29 and is actuated by a piston 30
a cylinder 81.

In order that the pneumatic circuits may

be more readily traced, the cylinders which |

form parts of the switch operating mechan-
1sms may be designated by reference nu-
1 rals 31 to 36, inclusive, corresponding to
the switches 9 to 14, but, since the switches
' are similar, only
one will be described in detail by reference to
Fig. 2 of the drawings. The switch, as here
Hlustrated, comprises a stationary contact

member 38 and a movable contact member
29 pivotally

mounted upon a shaft 4¢ at the
other extremity of an arm 41 which is
tulerumed upon a shaft 42 and is actuated
by a piston rod 43. A rolling movement is
mmparted to the contact member 89 by a
spring 44, in order to avoid Injuring the
contact surface, according to well known
practice. - |

The cylinder 31 is provided with s valve
44* through which finid pressure may be ad-
mitted from a supply or holding cireunit pipe
45 that is controlled by a magnet valve 46.
The area of the valve 442 is s small that
the spring 29 holds the port closed until
fluid pressure has been admitted through a
valve 49, which is governed by the action of
the preceding switch, as hereinafter ex-

lained, and check valve 47 to a chamber 48

elow the piston 30.. In this way, the action
of the switch is dependent upon the valve
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~conductor 59,

2

49, which may be designated as a control |

valve.

The fluid pressure, which imitially actuates
the switches and is supplied to the evlinders
through thie valves 49 and 47, is admitted to
qa control eircuit pipe 50 or is exhausted
therefrom. by a magnet valve 507

The electric circuits for the valve magnets
are governed by a master switch 51 which
may occupy positions ¢, , @, and ¥ and
cnergy for operating these electro-magnets
niav be supplied from any convenient source,
such as storage battery 2. ‘_

The operation of the system is as fol-
lows: Assuming that the master controller
51 is moved to a position d, in which auto-
matic acceleration is permitted, a cireuit 1s
established from the battery 52 through a
contact finger 54 and contact
member 35 to a contact member 56. This
contact member 1s engaged by contact mem-
bers 57 and 58 and circuits are completed as

follows: from contact member 57 through a
conductor 59, magnet winding 60 of magnet

-alve 24, and conductor 63 to the negative
terminal of the battery 52. The magnet

winding 60, when energized, closes an ex-

haust port 64 and opens valve G0 S0 that
fluid pressure 1s admitted from the storage
tank 29 through pipes 68 and 69, valve 66
and pipe
sion of fluid pressure to the cylinder 28

moves the reversing switch 4 to the posi-

tion 0.
In position b, the motor circuit Is com-

pleted from conductor 2 through conductor

3. a magnet winding 71 of & limit switch 72,
conductor 73, contact fingers 18 and 19
(which are bridged by contact member 16
when reversing switeh oceupies position b),
conductor 74, armature of the motor 1, con-

“ductor 75, contact fingers 20 and 21 (which

are bridged by contact member 17), and

field magnet winding 5 to the switch 9,

which is now open. A control circuit 1s also
e<tablished from contact finger HS throuch

conductor 76, limit switeh 72, magnet wind-
ing 77 of valve 50 and conductor 78 to the |

negative lerminal 63 of the battery 512,
Thus, the position of the valve i changed
<o that the exhaust port 82 is closed and the

hort 81 is opened in opposition {o a Spring

50, admitting fluid pressure from pipe GO to
(he control civenit pipe 50.  As soon as the
reversing switeh occupies position h, a see-

ond control cireuit 1s established trom con-

tact finger 57 through conductor 59, contact
(ingers 26 (that are bridged by contact mem-
her 174, conductor 61, magnet winding 62
of valve magunet 46 and conductor 63 to the
negative ferminal of the battery. When en-
croized, the magnet valve 46 closes an ex-
haust, port 65 and opens a port 67 through
which finid pressure is admitted to the hold-

ing cireuit pipe 45. The cylinders 31 to 86

862,713

¢ included in the circuit.

70 to the cylinder 28. 'the acdmis- |

| 1)

. -
LI
L

are connected to this pipe in multiple eirs?

cuit but fluid pressure is ‘
onlv to the cylinder 81 since all the otner

divectly admitted:

cvlinders are equipped with valves 44* which
70

cannot be opened until a corresponding con-
trol valve 49 ig actuated. The closure of the
switeh 9 is thus effected and the motor cir-
cuit connections are established for rotation
in one direction with the entire resistance
if the first rush
of current exceeds a predelermined amount,

“the magnet winding 71 will be energized

sufficiently to open the switch 72, then, as

the speed of the motor increases, the switch

72 will drop and a control cirvcuit will be
completed from contact finger 58 through
conductor 76, switch 72 and magnet 77 of
the magnet valve 50° and conductor 78 to
the negative conductor 63. oo
“As long as the limit switch is open, the
control circuit pipe 50 is exhausted through
a port 82 and, consequently, although the

Al

75

80

closure of the switch 9 has effected the open-
ing of a control valve 49* which corresponds
aa

to the valve 49 of Fig. 2, fluid pressure 1s

not supplied through check valve 47 to the

chamber 48 of the tylinder 32 until the limtb

switeh 18 closed.

As illustrated in Fig
admitted through the check valve 47 to the
chamber 48, the piston 80 will be raised, per-
mitting the fluid pressure from the holding
circuit pipe 45 to enter through the port 447
and to hold the switch 9 closed. When the
awiteh 9 is closed, a section of the resistance
¢ is short-cirenited 1n 2 well kmown manner.

Tf the current traversing the motor circutt
aoain exceeds a predetermined amount, the
limit switch 72 will be opened, permitting

. 2, when pressure 1S

the pipe 50 to again exhaust through the

port 82 and thereby preventing the closure

g5

85

100

105

of the switeh (10 until the limit switeh s

again closed. The closure of the switches
11, 12, 13 and 14 is dependent upon the Lt
switeh 72, as above indicated for switch 10.

Phe ncceleration may be suspended at any
point ul the will of the attendant by MOVING
the master contreller 51 from the position «

110

(o 1he position ¢ 11 which contaét finger 65 14
gy I

disengaged from the contac
This disengagement inferrupts the same oir-

membper 6.

b ioad
el

CJt

cuit as that mterrupted by the limit switch -

79 and, consequently, it is poessible to nded-

[ ST ]

nitely delay the acceleration of the motor,

+nd the limit switell proteets the motor from
injury by preventing the too mpid exclusion
of the resistance from the cirenit. A time
limit device may, of course, be employed for

delaving the action of the accelerating

switches, in addition to or in lieu of the cur-
rent. limiting device. -

The control valves 49 and 489¢ may. be
actuated in any suitable wanner by the final
action of the piston of the adjaeent 5w
convenient arrangement beilg
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11 I*lg. 2, which shows a pl'()]ech{m 83 from
the piston rod 43, a stem 84 which projects
from the valve 49 and an intermediate ve-

lease pawl 84* which is resiliently connected

to the projection 83 and is adapted to engage
the stem 84 to open the valve 49 just as the
piston 30 approaches the ends of its travel.

it will be readily understood that the prin-
cipies involved in the system illustrated are
applicable to, and suitable for, motor control
systems which employ a rheostatic or a series
of multiple form of control ,;md while I have
ilustrated a single motor, I do not wish to
restr mf my mventmn thereto. '

I ciaim as my invention:

1. In a control system for electuc motors,

the combination with a series of independ-

ently operated switches, of an elastic fluid
mterlod*mg means therefor, and electro-re-
sponsive means for mltmtmﬂ* the ﬂctwn of
the switches.

- In a control system for electpic motors,
the combination wﬁh a plurality of. inde-
pendently -operated switches, of means for
pnuunatlmlh mteﬂt}ckuw the switchés to

insure their closure in a pi redetermined se-

quence, and electro- -responsive means for ini-

tinting the sequential action of the switches.

3. Yn a control system for electric motors,
the combination with a series.of automatic-
ally and independently operated switches, of
pneum‘mc interlocking means for confining

their closure to a pz'ﬂdetelmmed sequence,
eans for initiatipnge

anl electw -Lesponsive I
the action of the series of switches.
4. In a control system for electric motors,

the combination with a seriss of automatic-

ally and 1ndapemhmtly operated switches, of
pneumatic interlocking means for confining
their closure to a pmmteuwned sequence,
electro-responsive means for Hnimtmfr the
sequential closure of the switches and clec-

tro-responsive means for suspending the clo-

stire of the switches at any point m the se-
auence,

5. In a (,{mh(;l system for electrie mo’(mh
the (‘{};‘i]b}i’ld ion with a plurality of inde.
pendently opet ated switches pnmumtimll

interlocked to effect their closure in a pre-

dutw}rmrmd sehence, of electro - responsive
ieans for mitiating the enueniml closnre of
*h@ switehes and means :h:r

sequence,

6. In a contrdl system “Fm electric motors,

the .combination with a plurality of inde-
pendently operated switches pne unmu{:ullv
interlocked to f.lifu_t their closure m a pre-
determined -sequence, of electrically con-
trelled means for governing the su"lt(*heﬁ 111l
means dfep& ndent upon the current travers-
notor circuit for 111&0311.:L11(*1]1y SHS-
losure of the switches at any

.pn1=1i in the sequence,

suspending the
closure of the swaf(‘heh ai any point in the

§

sure supplied to the control

trolhug the fluid plt“hl?le suppiled

matic c;lmr{els and pistons operati
n, of phemmtlc means for confi ving the
operation of said pistons to a predetermined
sequence, amd magnet valves for governing
the pneumatic meuns.

8. In a control svstem for electric motors.
the combination with a plurality of inde-
pendently operated switches, pneumatic evi-
mnders, and pistons operating therein to ne-
tuate the switches, of admission valves for
the cylinders, a series of interlocked control
Valves for governing the action of the ad-
IM1SS10N vdves. and magnet valves for con-
trolling the supplv of .:1(111.:11111” had to the
admission valves.

9. In a control :

12 there-

system for electrie motors.

the combination with a plurality of inde-
pendently operated switches, pnemnatm cyl-

inders, and pistons operating therein to ac-
tuate the switches, of admission valves for
the cylinders, a series of interiocked control
valves for governing the action of the ad-
mission valves, and electro-magnet wvalves
for mdependﬁntly controlling the fluid pres-
alves and to
admission valves,

10. In a control system for electric motors,

the combination with independently oper-

ated switches, pneumatic cvlinders, and
pistons operatmn theremn to actuate
switches, of ;1(11111%531011 alves for the eylin-
ders and a series of mteih)dunﬂ control

alves Tor governing the action of the ad-
mission valves to confine the closure of the
switches to a predetermined sequence, elec-
tro-magnet valves for md{,pendmtly con-
twlhnﬂ* the thud pressure supplwd ‘[o the

d(lmlbﬂon valves and 10 the control lve.q

and means for bucslmnumﬂ the doame ot the

switches
11, In

at any point in the sequence.
a control system for electric motors,

the combination with idependently oper-
ated

switches, pneumatic  eylinders,
pistons oper 1t1[1u therein to actuate the
switches, of adimmmn valves -for the eylin-
ders and a series of interlocking control
-lhfﬂ% hu governing the action of the ad-
mission valves to confine the closure of the
switehies to a predetermined sequence, elee-
tro-magnet valves for mnep{lmlenﬂ” CON-
to ih-f:
.:,1(11111%1011 valves and to the control valve
and means for cutting.ofl the hlipb)hf of
fhad pressure to th{, control valves fo' sus-
pendd {He closure of the switches at any point
1 the sequence.

12. In a control system for electrie motors,
the combination with independently oper-
ated switches, pneumatic eylinders, and

e

pistons oper aimn therein to actuate the

switches, of adrmwm; valves for the cylin-
devs and a series of 111*{11]0(*1411110 controil
valves for governing the action of h@ nil-
M 1SS101N mlveb to conﬁne the closure of the

7 1e combination with a series of pueu- | switches to a predetermined  sequence, elec-

the ¢
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fimid-pressure to actuate

tro-magnet valves for independently con-
trolling the fluid pressure supplied to the
admission valves and the control valves,
and automatic means dependent upon the
current traversing the motor circuit for cut-
ting off the supply of fluid pressure to the
control valves at any point in the closure
oT the switches. | |

13. 1In a control system for electrie motors,
the combination with a plurality of inde-
pendently and pneumatically  operated

switches that are adapted to close in a pre- |

determined sequence, of a control eircuit
pipe, a holding circuit pipe, magnet valves
for each pipe and means dependent upon the
closure of one of the switches for adinitting
the next switch in
the series. ' '

14. In a control system for electric motors,
the combination with a plurality of inde-
pendently operated switches that arve adapt-
ed to close in a predetermined sequence,
pneumatic cylinders, and pistons operating
therein, of a holding circuit pipe, electro-
respousive valves interposed between the

cylinders and the pipe, a control cireuit pipe,

a series ol valves located therein, taps con-
necting the control circuit pipe with the
cylinders, and check valves in the taps, the

l

983,718

operation of one of said switches serving
to open the control valve for the next
switch in the sequence, and the operation of
the control valves serving to complete a
fluid connection from the holding circuit
pipe to the cylinders.

15. In a control systeni forelectric motors,
the combination with independently oper-

ated switches, pneumatic ecylinders, and

pistons operating therein to actuate the
switches, of a holding circuit pipe, a2 mag-
net valve for governing the fluid supplied
thereto, valves interposed between the cyl-
inders and said pipe, a control civeuit pipe,
a series of valves located therein that are
adapted to confine the closure of the switches
to a predetermined sequence, and check

- valves mterposed between the cylinder and

the control circuit pipe for preventing the

fluld - pressure in the holding pipe from

escaping into the control pipe. -
In testimony whereof, I have hereunto

1907, o
JOSEPH N. MAHONEY.

Witnesses:
(. M. Earox,
Bmyxey Hines.
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subscribed my name this 28th day of August, .




	Drawings
	Front Page
	Specification
	Claims

