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To all whom it may concetn: . .ihg-the ffequent stopping* of a car or trainin-

" Be it known that I, Frank E. CASE, a citi- | operation. ~ Itis frequer tly desirablein equip- 55
zén of the United States, residing at Schenec- | ments electrical in character to have a tram
“tady, county of Schenectady, State of New { busline or wire, which connects the respective
5 Y ork, have invented certain new and useful | current-collecting devices of the several cars,
" Improvements m Control Systems, of which | so that the control system may be provided
‘the following is a specification. -. - with current even though the collecting de- 60
* The present invention relates to systems | vices on the car upon w ich the master-con- -
. of motor control; and more particularly to | troller 1s situated fails for any reason to re-
1o systems in whieh it is desired-to control the ceive currer.t, as when the collecting device 1S
motors on several.cars ofa train from a single | insulated from the rail or trolley-wire or bears
point on the tram. R upon a dead section. Itisa parent that such 65
" .In my application, Serial No. 215,114, filed | a bus-wire is subjected to the erntire lire po-
July 2; 1904, there 1s illustrated an electrical | tential and that if for any reason a short-cir-
15 system of train control In which the circuit- [ cuit occurs or one of thé cornectirg devices
‘breakers located 1n the motor-circuits of the is grounded or comes upon a dead section or
-geveral cars are maintained closed by mears | u on & section having a lower otential than 7o
that uﬁon- which the othercollectirg devices

‘of an independef:t circuit from the currert- ich
bear  the bus - wire must carry abroymally
larege “currents,- endangering the insulation

collecting devices, this-¢ircuit being subject-
ard perhaps causing serious damage, and

20 ed to full-line potential at. all times even
when the: control ard motor circuits are de- _ .
“energized; the currert being, however, limit- | even where the abnormal currert.is not suffi- 75
od to some extent by-means of resistances. | ciently great toproduce serious resultg it may -
- It s -evidqe'ﬂt-;th_a_&f@r]e'ai_:'.vpré_é'autiq_n must be | at least blow out the fuses in the bus-line and
25 taken to-insulate this circuit from the motor- | cduse annovance and perhaps material delay
‘control circuits, since a'short-circuit between | on account of repairs. - . .
~the two would ¢ause the control system to be |- -A further object of the presentinventionis 8o
“supplied with. current irrespective of the posi- | to so arrange the conrections betweén the.
tion of the master-cortroller, and. as & result several cirrent-carrying devices and the mas-
' | ter-controllers upon the cars of the train that

30 the operator would lose control of the mo- up
the current which may pass through the bus- .

“ " tors. In orderto obviate the danger of such. _ ‘
'a condition of affairs, the train-wire for main- | lme under‘a.bn'armal-conditiﬂns ig mited. 85
~ taining the circuit-breaker closed has been:| ' - The present invention In its various &as-

~ placed in a separate cable outside of the cable | pects will be more clearly understood mn con-
35 ‘carrying the control-wires for the motors. | nection with the following description and
'This. arrangement necess_tates not only the the accompanymng drawirgs, disclosing a pre-
“expense of two cables and separate couplers | ferred form thereof. . = S go
" therefor; but also materially affects the con- | In the drawings, Figure 1 1s & diagram-

~ venience and ease of making the connections | matic view .of a single - car equipment, ar- -
- 40 between the cars..— " ® .. | ranged in accordance with the present inven-.

" ".One object of the present invention is to | tion. Fig. 21s a diagrammatic view show-
" provide a safe and efficient circuit-breaker | ing the current-collecting cevices of two cars 95
actuating and tripping system in which the | and the connections between the collecting

. train wire or wires may safely be placed in | devices and to the several controllers,and Kig-
48 the control-cable, and to this end 1 have so 3 is.a side view of a train of cars equipped
~ arranged a circuit - breaker actuating and | in accordance with the present invention.
/ tripping system . that the. circuit - breakers |... Similar reference .characters will be used 100
/" may be opened at will-and that theywill open | throughout. the specification and drawings to
_ upon failure of control-current without a cor- indicate corresponding parts. . R
ro responding failure. of the motor-current, but | .. The separ&telyf-actuated contacts 1 to 16,
wherein the circuit-breakers will rot-be affect- |-inclusive, of the motor-controller C are used -
od whent both the motor and control currents |-for controlling the motors M/ "and. M?. The 105

~ areinterrupted simultaneocusly, asoccurs dur- | said motor-controller C 1s under.fthe control .

-
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leased by the motorman, is indicated at 44.
- A more detailed description of said auxiliary |
- 65 switch, and its actuating mechanism, may be |

> T A 818,848

of the master-controllers (¥ and €2, which | obtained from, myv application, Serial No,

‘may be located at any desired point on the

Ly

controller C* is merely shown in outline.
Both of said master-controllers are connect-
ed to the train-wires 17 to 25, inclusive,
which are operatively connected o the actu-
1o ating-coils of the separately-actuated con-

tacts of the motor - controller. Thé said
train-wires may be connected to correspond-
- 1ng train-wires on adjacent cars of the trein
by means of the couplers a. - The contacts 1 |
- 15 to 6, inclusive, operate to vidry the amount of
- resistance which is connected in the cireuit’
~with the motor M/, the resistance-sections

- controlled by said contacts being represented
by-26 to 30, inclusive. The contacts 7 and 8

20- represent the line-contacts, which are adapt-
| 'Bd t0. connect thﬁ tI'GHB}T {]]_” .:'m&in‘sgurce Of
ower to the circuits leading to the motors’

EI{T and M?. The contacts 9 and 14,inclusive,

operate to vary the amount of resistance

25 which is connected in circuit with the motor

M?, the said resistance-sections controlled by
~said contacts being represented by 31 to 35,

" inclusive. The series and ‘parallel contacts

15 and 16, -respectively, are supplied with

- 30 auxiliary switches'36 and 37, which, respec-

tively, prevent the completion of the control-
circult through the actuating-coils of the con-

tacts 16 and 15 and serve as an interlock be--

- -tween the series and parallel contacts.”. The

- 35 lme-contact 7 is provided with the auxiliary

. switches 38 and 39, and the line-contact 8 is
‘provided with the auxiliary switch 40. The
&ncti—a’n and operation of said suxiliary

switches will be hereinafter described. The

40 resistance-sections 41, 42, and 43 are em-

ployed to compensate for the resistance of

. the actuating-coils of the contacts of the mo-

tor-controller when said coils are cut out of

- circuit, thereby maintaining approximately a

45 untform current in the control-circuits.-

The master-controller ( includes the rela-

- tively fixed contacts-fingers @’ to a*, inclu-
~ sive, and the movable contact-segments ¥ to

.U, inclusive, 5'° and 8, ¢’ to ¢, ¢* and ¢

50 The pfovable member, on which said seg-

< —menis are/mounted, also carries the contact-
' egmiénts ¢ and d°, which are electrically con-

nectéd together and respectively engage fin-

gers @ and-a®when the master-controller is
55 1n its ‘‘off’’ position.. For a more detailed

~ description -of these various parts, reference

~may be had to the patent to C. L. Perry, No.

687,060, granted November 19, 1901, and to

~my application previously mentioned.
60 The auxiliary cut - out switch, which is

adapted to open the motor-circuit automat-
ll} whenever the controlling-handle is re-

)

~car or train. .The master - controlier ¢/ is
shown in development, as is customary in -
1llustrating such a structure, and the master-

coil of the master-controller. _
out switch for the motor-circuit is indicated /
| ﬁlt’ 4?. | 'f:‘ |

control - ecircults.

control-circuits. will permit. |
irom each connection extends to the end of

‘position.
| arm 50 opens by gravity, assisted, if desired,
' by a spring .59. By employing»a: catoh to

75,488, filed September 15,1901, The blow-

out coil for said suxiliary cut-out switeh is
indicated at 45, and 46'is the main blow-out

‘Une feature of the present invention con-
sists in the .arrangement of feeders for the
Separate connections are 7g
provided from each master-controller t¢ the
current-collecting device T, and in each con-
nection there is arranged a resistance-section
43 as great 'as the current requirement of the

the car opposite that to which the respective

controller 1s §ituated and is provided with a

1t

coupling-terhinal ¢. In Fig. 2 these con-

The main cut- 70/

A branch 49 8o

troller .-.:r,(:_onn%éi;ions are lustrated as applied 85

to a train of two cars and as coupled together
by the jumper J. It is evident from this fig-

‘ure that if the'train is run in the direction in
~which the master-controller on the extreme

left 1s brought into play this controller may go
take current from either set of trolley-shoes

and through but a single section of resistance,
while if the\train is being run in the opposite
 direction and the master-controller on the
- extreme righiis in service then the same ecur- g3
rent-receivirfrcapability apples to this con- *

troller. At the same time, however, two

‘sections of resistance are at all times situated
between the current-coliecting devicés of ad-
‘jacent cars. By this arrangement, should

the shoes of the leading car leave the-third
rall or become insulated therefrom, current
will be supplied to the control system and to
the motors of the leading car; but the current
which may flow through the coupler under

‘abnormal conditions is greatly limited.

The means for controlling the . circuit-
breaker will now be described. The circuit-

‘breaker may be of any desired form, the con-
tact-arm 50 thereof being attached to a core r:

or plunger 51 of the actuating-electromagnet

52. The said contact-arm comprises the
usual brush - contact 53 and the &uxiliarﬁ
th

contact 54, which are adapted to engage wi

set by an energization of the actuating-elec-
tromagnet 52-and 1s held closed by a suitable
catch 56, which engages with a projection 57

~on one arm of. the toggle 58. The togzle 58
1s not moved into a straight line or buckled

over center when the arm 50 is in its closed
Therefore when otherwise free the

hold the circuit-breaker closed it is possible .

‘to dispense with the continuously-energized

wire, as illustrated in my prior ‘application,

for holding the circuit-breakers closed dur-

ing ordinary operation of the car or train.

I10G

tos,

o

‘a fixed contact 55. The circuit-breaker is 115

120

'125.

The circuit through the closing or setting coil 130
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whieh is energized when it is desired to reset | trolley T, thréugh the switch 61, thence

the circuit-breaker is completed at a switch

61, held normallgr open by means of the

spring 62 and preferably located adjacent to
the master-controller within easy reach of

the operator or motorman. The means for

{ripping. the- circuit-breaker are as follows:

10

‘A hivoted lever 64 is arranged adjacent the

catch 56, .but is normally held out of engage-
ment therewith by gravity or by a spring 65.
‘This lever or a portion thereof constitutes

the armature of.an electromagnet 66, ener-

‘gized’ by motor-current. When the motor-

I_S

net, trigpin ‘the cateh 56 and dllowing the:
reaker to open. A pair of electro- |
- magnets 67 and 68, energized by control-tur-

current reaches a predetermined maximum,:

the lever 64 is. attracted by the electromag-
cireult-

rent and motor-current, respectively, are ar-

ranged adjacent the lever 64, and the cores of
these electromagnets are connected by a Immk

or arm 69, pivoted thereto. The arrange-
ment is such that when both electromagnets

67 and 68 are energized or deénergized simul-

25
lever 64, this being practically what takes

30

35

taneously the link or arm 69 moves parallel
to itself without engaging with the tripping-

place when the controller is moved from its

“off”’ to.a ‘“‘running’’ position or back again,

or when both control and motor currents or

‘circuits . are interrupted. If, however, for

any reason the control-current fails or be-

comes. -ineflective, due to short - circuits or
otherwise while the motor-current continues,
then electromagnet 67 is deenergized and the

corefhereof drops, carrying with it one end

. of link 69 and swinging this link about its

pivetal connection with the core of electro-
magnet 68 as a center and causing 1ts free end |

40 to strike the tripping-lever 64, so as to oscil-

45

55

late said lever sufficiently to trip the catch
56, whereupon the circuit-breaker immedi-

ately opens. By this means it is'impossible
 for the motors.to receive cutrent after the

control-current fails. A Tesistance 63 1s In-

serted in series with eleétromagnet 67 for the

urpose of eutting down the current which
ows through said electromagnet, very httle
current being required to hold the core there- |

i

of raised. The circuit through electromag-
net 67 is completed through-contact ¢* of the
master-controller and through switch 70, so

that the operator or motorman may trip the

circunit-breaker.at will by simply opening the
switeh, 70, thereby causing electromagnet 67

te be deénergized. -It is evident that train-
wire 25 need. be energized only during the

tume the motors are taking current, thus per-

" mitting this wire to be placed in the cable

V]

and. jJumper carrying the control-wires.
 In the operation. of the system when 1t 1s

d esired to set the circuit-breaker the aster-

controllerC’ismoved intoits off position, then
the normally open switch 61 is closed momen-

tarily. ' Acircuitis thereby completed from the |

through the contact-segments d® and &°, con-
tact ¢, train-wire 21, resistance 43, auxiliary

switch 38, auxiliary switch 40, through the ac--

‘tuating - electromagnet 52 of the circuit-
| breaker to ground. The electromagnet 52 1s

thus energized and the circuit-breaker is

closed, being maintained in its closed position’
| bymeans of thecatch 56. It will thus be seen
that on account of the auxiliary switches 38.

and 40, carried by theline-contacts7 and 8,and

the auxiliary contact-segments in the master-;
controller both the motor-controller and the’;

master-controller must be in their off posix
tions before the circuit through the setting-

coil of the circuit-breaker can bé completed.
‘When the master-controller is moved 1nto its
osition and switch 60 1s-

first operative _
closed, a control-circuit is completed from

the trolley, through resistance 48, switch 66,
blow-out coil 46, blow-out coil 45, cut-out

70

73

80_

switch 44, contact-finger @', contact-segments

b’ and b?, contact-finger a?, train-wire 24, ac-
tuating-coils of the contacts 6, 7, 9, and 15,
auxiliary switch 37, train-wire 17, contact-
finger a!!, contact-segments b and b'°, con-

tact-finger ¢'® to ground. The motor-con-
troller contacts are operated to connect the

motors in series with all the resistance, and the
circuit through said motors may be traced as

follows: from trolley T, main cut-out switch

47, blow-out, coil 94 of the circuit-breaker,

contact 55, contact-arm 50, overload-coil 66,

contact 7 of the motor - controller, thence
through contact 6 of said controller to the
resistance-sections 30 29 28 27 26, motor M/,

| contact 15, thence through contact 9 of said
'{ controller, through ‘the resistance-sections
31, 32, 33, 34, and 35, through motor M? to

ground. . As the master - controlier moves
through its subsequent operative positions
the resistance-sections are successtvely cut

“out of the motor-circuit until the motors are.
-connected in series without resistance, then

the motors are connected in parallel with re-

resistance -sections are successively cut out

9o
95%
100
108

11O

“sistance in circuit with each motor, and the

until the motors are connected in parallel with-

out resistance. . - o
When the contact 7 is operated, the circuit

11K

through the -actuating-electromagnet 52 of

conductor 2' from said electromagnet and
rendering it unpossible to reset the circuit-
breaker after it has been operated, solong as
the contact 7 remains in 1ts closed position,
but by employing means, such as the auxil-

iary switch 39, it 1s possible to use the train-
| conductor 21 during the acceleration of the
motors to control the contacts of the motor-

controller corresponding to a certain resist-
ance-step. Thus with the master-controller

| the circuit-breaker is broken at the auxiliary .
switch 38, thereby disconnecting the train-

120

"‘125'

in its fourth position (indicated by 4 4) the -

control - circuit, in addition to that above

130
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traced, may be traced as follows: from con-
tact-finger @', contact-segments b’ and ¥,
contact-fingers a°, trainywire 21, resistance
43, auxibary switch 39, through the actuat-
ing-colls of the contacts 3, 4, and 5 to ground
at G; also branching at the point &, through
‘the actuating-coils of the contacts 12, 11, and
10 to ground at G’. Thus in said position of
- the master-controller the contacts 3, 4, 5, 6,
10 7,9,10, 11, 12, and 15 are operated and the
- resistance-sections 28, 29, 30, 31, 32, and 33
-are short-circuited. S
- The control-ecircuit corresponding to the
first parallel position of the master-controller
(indicated hy 7 7) may be traced as follows:
~ irom troliey T; resistance 48, switch 60, coils

46 and 45, cut-out switch 44, contact-finger |
- a/, contact-segments ¢’ and ¢?, contact-finger -

- @, train-wire 24, actuating-coils of contacts
20 6,7, 9, 8, and 16 of the motor-controller;
finger a° of the master-controller ¢/, contact-
segments ¢’ and ¢'% contact-finger a!® to
ground. The corresponding motor-circuits
. are as follows: from trolley I, through the
switch 47, the circuit-breaker arm 50, over-

- load-coil 66, contact 7; contact 6, resistance-
sections. 30, 79, 28, 27, and 26, motor M’

~ contact 16 to ground; also branching at the
3 o Y, : 7
- sistance-sections 31 to 35, inclusive, motor
- M? to ground. It will thus be seen that the
motors are connected in parallel with each

inclusive, connected in series with the motor
M’ and the resistance-sections 31 to 35, in-
~ clusive, connected in series with the motor M2.
If while- the master-controller is in any one
ol its operative positions, the circuit-breaker

40 18 tripped, either intentionally, as by the
- opening of switch 70, or-automatically by the
operation of the overload-coil 66 or due to

back to its off position, so as to bridge the
contact-fingers ¢® and a®. Any desired num-
‘ber of circuit-breakers'may be controlled in
- this manner from any desired master-con-
so troller. - o o o

~ Although I have herein shown a specific
torm of circuii-breaker and tripping mechan-

_ism embodying my invention as applied to.

- an electric-control system, I do not care to be
55 limited thereto, as many modifications may
~ " be made without invglving a departure from
- the spirit and scope of my invention, and in
- the claims hereto appended I aim to cover all
 such modifications and substitutions. o
20 ' What I claim as new, and desire to secure

by Letters Patent of the United States, is—

- a plurality of circuits, a switch in one of said
_circuits, and means operable to open said
o |

818,340 |

~auxiliary switch 36, train-wire 18, contact--|

point p through the contact 8, contact 9, Te- |

other with the resistance-sections 26 to 30,

a loss of current in the control-circuit, it is |
1mpossible to reset said circuit-breaker with- |
out ‘first moving the master-controller ¢

| such that the circuit-breaker is not trip

tent States, is— | neously.
- 1. In a system-of control, in combination,

% switch only upon the deénergization of dne

[ of said circuits w
gized. - - o o
2. In a system of control, in combination,
a motor-circuit, a control-circuit, a normally
~closed circuit-breaker in said mtotor-circuit,
and means operable upon the deénergization
of the control-circuit while the motor-circuit
| remains energized to trip the circuit-breaker.
. 3. In a system of control, in combination,
8 motor-circuit, a control-circuit, a circuit-
breaker in said motor-circuit, and means op-
erable to trip the circuit-breaker when one of
said-circuits is deénergized but not when'both
are deénergized simultaneously. -
4. In a system of control, in combination,
controlled and control ecircuits, & civcuit-
breaker, and means operable to cause the

hile the other remains ener-

simultaneous deénergization of both circuits
- 5. In a system of control, in combination,
controlled and control circuits, a circuit-
‘breaker, and means operable to cause the ¢ir-
cutt-breaker-to open upon the deénergizi-
tion of the control-circuit while the controlied
circuit remains energized but not when both
circuits are deéenergized simultsneously. -+

- a motor-circuit and a control-circuit, & cir-
cuit-breaker, means for setting said circuit-
‘breaker, means for tripping the ecifcuit-
breaker on ocverload in the motor-circuit, and

while the motor-gircuit remains energized.
- 7. In a system of control, a controlied cir-"
cult, a control-circuit, a normally closed eir-
‘cuit-breaker, and:electromagnetic mesns un<
the circuit-breaker upon failure of current i
the control-circuit while the controlled cireuit
‘remains energized. : S
8. In a system of control, a controlled and
a control eircult, & circuit-breaker, an electro-
magnet in each of said circuits and adjacent
the circuit-breaker, and means cobper;
with said electromagnets for tripping'the cir-
- cuit-breaker upon the deénergization of one
of said electromagnets while the other elsctro-
| magnet remains enpergized. .
9. In a system of contrel, a controlled and
a control circuit, a eircuit-breaker, an electro-
magnet in each of said circuits and adjacent
‘the circuit-breaker, and means codperating
with said electromagnets for tripping the ¢ir-
cuit-breaker upon the deénergization of the
‘magnet i the control-circuit while the other
Temains energized the arrangement being
d

when both magnets are deénergized simu

- 10. In a system of control, a motor-cireyit
" and a control-cireuit, a normally closed cir-

‘breaker at will, means for tripping. it upon

der the influence of said circuits for tripﬁmig B
10§

ped

je
75

8o

cireult-breaker to open upoxn the deénergiza-’
tion of one of said circuits but not upen the
. 85

gﬂ' 3
- 6. In a-system of control, in combination,
G5

| means for tripping the circuit-breaker upon -
failure of the current in the control-civeuit

110

erating

ng.

120

‘cuit-breaker, means for tripping said circuit-

30
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overload in the motor - circuit, and means |

~ for tripping it upon failure of control-current
- while the motor-circuit remains energized.

10

- 11. In a system of train control, compris-
ing controllers on a plurality of cars operated
through a train-line from a master-controller

located at any desired point on the train, a
circuit-breaker on each of the motor-cars,

and circuit-breaker actuating means eom-
prising an electromagnet included in the mo-
tor-circuit and an electromagnet connected

" to a conductor in the train-line, the said ac-

15 to , cas ,
..« 10" the motor-circuit after the electromagnet

tuating means being so constructed and ar-
ranged that it will cause the circuit-breaker
to open only 1n case current continues to flow

. eonnected to the conductor in the train-line
_..‘has been deénergized. - o
2512, In a system of train control, compris-

20

30

ing controllers on a plurality of cars operated
. through a train-line from a master-controller
- located at any desired point on the train, an

automatic circuit-breaker on each of the mo-
tor - cars, means' for normally maimtaining

each circuit-breaker in its closed position, and
actuating means for the maintaining means

of each circuit-breaker comprising an electro-

‘magnet included in the motor-circuit and an

electromagnet connected to a conductor mn
the train:line, the said actuating means bemng
so constructed and arranged that it will actu-

- ate the maintaining means to release the cir-

- cuit-breaker only in case current continues to |

- flow In the motor-circuit after the .electro-

35

40 mection, a controller and connections there- |
for so arranged that the circuit passing |

magnet connected to the conductor in the
train-line has been deénergized. '
13. In a system of train control, a connec-

tion between the current-collecting devices

of a plurality of cars, a resistance in said con-

L, ]

through said controller from the current-col-

lecting devices of either car contains only a
portion of the whole resistance. . B
14. In a system of train control, connec-
tions between the current-collecting devices
of a plurality of cars, resistances in said con-

nections, a controller upon each car, and con-

nections therefor so arranged that the circuit

passing through a controller from any cur-
rent-collecting device contains less than the
'whole resistance between the several collect-

d

Ing devices. - R

'15. In a system of train control, a connec-
tion between the current-collecting devices of
two cars, a resistance in sald connection, a
controller on each of said cars, and connec-

45

T

tions therefor so arranged that the circuit

passing through either controller from the

current-collecting device of either car con-

tains a portion only of said resistance.
16. In a system of train control, a connec-

tion between the current-collecting devices of

two cars, a resistance in said connection, a

controller upon each car, and connections

6o

therefor so arranged that the circuit passing
through either car from the current-collect-

ing devices of either car contains one-half of

sald resistance. - I
17. In a system of control, & car provided

with two controllers and a separate connec-

tion from each controller to the current-col-

lecting device of the car, a resistance in each
connection and a lead extending from each

connection from a point between the resist-

ance and controller to one end of the car.

- In witness whereof I have hereunto set my
hand this 8th day of October, 1904.

FRANK E. CASE.

- Witnesses:

Epwarp WiLrrams, Jr.,
- HerLex ORFORD.
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