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7o all whom it may concern: -
Beitknownthat I, FRANK E. CASE, a citizen

of the United States residing at Schenectady,-

~ county of Sehenectady; State of New York,

have invented certain new and useful Im-
provements in Methods of Operating Klec-

tric Brakes, of which the following is a ‘specl-r'

- fication.
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- well-known systewms of electrie braking,
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- maintain adhesion after the air-gap between

been most snccessfully developed.
It has for its object to so obviate some of

the difficulties attendant npon the operation

of the ordinary systems of electrie braking

thatstops may be made more easily, certamly, |
and without undue jolting of the car or su mn_

upon the apparatus.

In the operation of the ordmary and now
In
which one or a number of brake- shoes. act
upon disks rotating with the axle and are sup-
plied with current from the motors operated
as generators by the momentum of the cars,
a difficulty has arisen from the variations of
braking effect with the same motor-cireuit re-
sistance, due to variations in speed.
instance, the vehicle betraveling atlowspeed,

the voltage at the motor-terminals will be ecor-

respondingly low, and the amount of resist-
ance In cir¢uit with the motors and brake-
shoes must be much less to get the same brak-

ing effect than would be qumred if the vehi-
Gle were traveling at a higher rate of speed.

This is true even tho.uu'h the coefficient of
friction at the brake-shaeg rises rapidly asthe
speed falls.
tuation of the brake-shoes requires a consid-
erably larger cuarrent than .is necessary to

the shoe and the disk has been closed. If the

~ vehicle. be traveling at a high speed, the ef-

fect of the motor or motors operating as brak-
mﬂ'—treneratom will be at a maximum, while

the t_l’lelOI]dl resistance of the bmke shoes
will be at a miniinum, due to the fact that the

- sliding friction varies inversely as the speed.

As the speed of the vehicle drops the brak-

5o ing effect of the motor or motors will drop

if, for

It is also truae that the first ac-.

- com'QSpondingly and the friction of the brake-
shoes, due to the decrease in speed, will tend

to increase; but because the shoes are sup- .

plied with current from the braking-genera-
‘tors the ceurrent in them will be decreased as

| the speed of the vehicle decreases, with the

-armatures su:

result that the total bra,kmﬂ' effect will actu-

ally diminish as the speed falls
My present invention 161&563 tD the alt of |

braking electrically-propelled vehicles, and:
18 espeem,lly designed for use with ele(,tue}
rallways,in whlch that system of braking has

~In many braking systems there is provided

what is called an ‘“‘emergency stop” to be
used only when accident threatens the car.

This has generally-been arranged so that the
brake-shoes are cut out of circuit and the mo-
tors acting as generators are short-circuited
butthismethod of braking isnot applicable to

ordinary service conditiouns, although usefal
and valuable in emergencies, since it causes
a sudden stop disagreeable to passengers and

capable of causing severe strain on the mo-
tors and gears. Il:s prineiple may be applied
in makmﬂ' ordinary stops by inserting in the
circuit of the motors a sufficient reSIS..Lanee

to prevent undue retardation; but it is then

open to the objection of not bringing the car

| to rest, inasmuch as after the speed has ma-

terially diminished the generation of current
18 so small as not to retard the rotation of the
ficiently to stop the car. .
The method which I have devised mitigates
the difficulties pointed out and in some de-

gree utilizes both of the methods indicated
The method consists in general of

above.
supplying carrent to the brake-shoes from

an auxiliary source of electromotive force,
preferably a storage battery, using the mo-

tors also to effect a part of the retardation
of the car,

by the application of just so much energy

from the aumhary source as will render

the braking effect substantially constant
for any given motor-cireuit resistance. In
this ar_ra,nfrement the motors may or may not
furnish part of the current for the brake-
shoes and may be utilized directly or mdl-
rectly to regulate the braking.,

- The partmlllar apparatus by which T am
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‘but supplementing this aection
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enabled to carry out the indicated method I

have shown as consisting of one or more mo-
tors, which, 1t is understood, are operated as

| generators and which have included in their 10
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circuits a resistance regulable in amount so | coil already referred to will be to open the

as to adjust the current-flow in the motors

to the retarding efiect desired, an auxiliary

- source of substantially constant electromo-

5

10 the auxiliary source.

15

25

tive force, which may be a storage battery
or any desired source , for example, the
line itself, the particular source of electro-
motive force being unimportant—and one or
more brake-shoes supplied with carrent from
The said apparatus is
not herein claimed, since it constitutes the
subject-matter of my application, Serial No.
699,687, filed December 17, 1898, of which
the present case is a division.

In one arrangement I close the motor-cir-
cuit through a regulable resistance and a cur-
rent-measuring eell,.whleh may be either an
electromagnet or a solenoid coil, and within

its influence I provide an armature or a core,
20 as the case may be, operating an adjustable

resistance 1n the brake-shoe circuit, the

“brake - shoes being supplied with current

solely from the auxiliary source, the arrange-
ment being such that as thecurrent generated
by the motors diminishes more and more re-
sistance is cut out of the brake-shoe circuit,
so that a greater carrent from the auxiliary
source actuates the shoes, and thus as the
braking action of the generators diminishes,

3o due to the diminished output, the action of

the brake-shoes increases proportionately, so
that I obtain substantially a constant effect

~ forany given motor-circuit resistance. With

35

this arrangement while the actual output of
the generators, and consequently their brak-

ing effect, will vary directly with the speed

_the braking effect of the shoes will vary in-

40 low speed of the vehicle, the braking due to

45

- versely with the speed. When the braking

effect of the generators is small, due to the

the aukiliary source will be large, due to the
reduced resistance in circuit with the brake-

- shoes and also to the fact that the coefficient

of friction is greater at low than at high
speeds. On the other hand, when the brak-
ing effect of the generators islarge, due to the
high speed of the vehicle, the braking effect

~due to the auxiliary source will be small, both

because the resistance included in eircuit

5o with the brake-shoes will have been increased

- and also because the coe

ficient of friction of
the brake-shoes will have been diminished.
It will therefore be seen that by a proper pro-

- portioning of the braking effects due to the

23

- constant.

6o
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generators and to the aumlla,ry source the.

sum of the two may be made substantially
This does not mean, of course, that
the braking effect is constant irreSpeetive of

the postition of the brake-controller, becaunse.

although the sum of the two effects just
spoken of is constant it may be varied as a

- whole bychanging the resistance of the motor-

circuit. Undel some conditions, as when run-
ning at high speed, it is manifest that the re-
tardation of the brake-shoes is unnecessary
until the speed diminishes. Under these con-

ditions the action of the current-measuring:

‘upon the axle with each motor.

. sired manner.

Jhrs

circuit of the brake - shoes, so that they are
not operated until the speed has been mate-

70

rially diminished and the current-flow in the -

motor-circuit has so far fallen as to no longer
furnish the desired retardation, at which time

‘the brake-shoes will be cut in to maintain the

braking effect substantially constant, and
finally as the motor-current falls so as to fur-

‘nish practically no retardation, the frictional

retardation of the brake-shoes will increase
to an amount sufficient to bring the car posi-
tively to rest. Furthermore, by this method
of operation I am able to hold the car at rest
after it has been stopped, even though the

stop is made on a grade otherwise sufficient

to start the ear in motion.

So many different ways of applying the in-

vention have been devised that I have not at-

75

30

tempted to indicate all of them, but only a -

few examples from which a competent elec-
trician may readily devise other ways of ac-
complishing the same results.

The accompanying drawings therefore

equipped with a pair of motors, brake-shoes,
and controllers, by means of which the inven-
tion may be applied eitherin any of the forms
illustrated or otherwise. Figs. 2 to 5, incla-
sive,are diagrams of connections embodying
the mventwn and Fig. 6 shows a controller
adapted to lte exercise.

In Fig. 2, which illustrates the epeclﬁe ar-
rangement a,lready referred to, M’ M* are the
motors, of which A’ A? are the armatures,
and F’ I? the fields. R isthe motor-regunlat-
ing resistance, which is used in_this case to

determine the output of the machine when

operated as momentum-driven generators.
S is the solenoid in the motor-cireuit operat-
ing a switeh s, by means of which a second
resistance R’ is controlled, so that various

amounts of it may be included in ecircuit.

This resistance is in series with the brake-
shoes BS’ BS?, one of which is supposed to be
The shoes
are supplied with eurrent from the storage
battery B, which may be charged in any de-
(Not illustrated in the dia-
oram.) Theoperationof these partsin bring-
ing the car to rest is as follows:. The motors
retard the motion of the car or other moving
load by generating in the circuit including
the resistance R and the coil S a current
larger or smaller in proportion to the speed
of the car and the resistance of the circuit.

We may assume, for instance, that the speed

is considerable and the resistance a moderate
one, in which case so much cuarrent will be
generated that the core of the solenoid will
be drawn up until the switch s opens the eir-
cuit of the brake-shoes and battery. Under
these conditions the entire retardation will
be that due to the rotation of the motor-ar-
matures. If now from aslackening of speed
current begins to fall off, the cireuit of the

‘battery will be closed by the switch s, but

00

‘showin Figure 1 a plan view of the car-truck
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with all the resistance R’ in circuit, so that
only a small current will flow throuo'h the
brake-shoes. Their attraction and conse-
quent resistance to motion will be added to
the retardation effected by the motors. The
current will still further fall off and more
and more of the resistance R’ will be cut out

until ﬁnally it will be cut out entirely, when

the full current of the battery wﬂl pass
through the brake-shoes, the car will be

| brouwhb to rest, and the brake-shoes will be

15

20

~attr acted with fall power.
maintained stationary,evenonaheavy grade.

The car will be

In Fig. 3 I have shown another arrange-
ment of apparatus for carrying out my im-'
proved method, said arrangement also em-
ploying a storage battery. In this case the
connections are such that the battery need
take no energy from the line, and thus prac-
tically the only objection to its use is avoided.
Here the reference-letters are the same as
before, but the battery is placed in parallel

- with the shoes in the motor-cirenit and in
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series with the resistance R. The action of
this combination of apparatus is as follows:

So long.as ‘the current generated by the mo-
tors 18 considerable the drop through the
brake-shoes will be sufficient to force a con-
siderable part of the current through the
battery BB, and thus charge it. This action
will continue so long as the drop in potential
across the brake-shoes is greater than the
electromotive force of the battely When
these two potentials are equal, however, the
battery neither receives current from the mo-
tors nor sends current through the shoes.

As soon as the current from the motors oper-
ating as generators falls to such a point that

the dmp across the shoes is less than the |

electromotive force of the battery the bat-
tery begins to send current through the
shoes in the direction of the arrow, thus sup-
plying any deficiency of current as the mo-
tors slow down and maintaining the adhesion
of the brake-shoes after the car comes to rest.

In Fig. 4 I have shown another combina-
tion of apparatus for producing a similar re-
sult. In thiscase I have shown the shoes as

fed through a resistance from the trolley T,

the circuit being grounded at G; but the
storage battery may be used in the place of

the trolley-circuit, or the trolley-circuit might

be employed with the other combinations of
apparatus shown in place of the storage bat-
tery, it being immaterial what source of cur-
rent 18 used. In Fig. 4 in addition to the
motor-regulating resistance R, I connect in

‘multiple with the shoes a somewhat high re-

sistance R'. The shoes shonld equal in re-
sistance the resistance R', at least approxi-

mately. Thecircuitfrom the trolley or other

source of current leads through theresistance

R to the brake-shoes and the motor-fields, so

thatirrespective of the motor-armatures there
willbea strong field maintained. Thearrows
show the course of current. The action of

|

The motor-armatures will be revolved by the
momentum of the car, 8o as to give an elec-
tromotive force in the direction of the arrow,

motive force may, owing to the strong field

already mentioned, be suiﬁclent to Send cur-
rent through the resmtance R’ and the brake-

shoes, remforcmﬂ' the current from the trol-
ley. ‘At a certain critical speed, which may

be anything desired, according to the pro-

portioning of the apparatus, the electromo-

tive force generated by the motor-armatures

will equa,l the drop across the brake-shoes
due to the current from the exterior source
of current and no current will pass through

the resistance R’, while the entire current

from the trolley or other exterior source will
pass through the brake-shoes and the motor-
fields. As the speed diminishes the trolley-
current will divide through the resistance R/
and the brake-shoes until when the car has

=3

70
'If the speed be somewhat high, this electro-
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nearly come to rest a substantial portion of

current may pass through the resistance and
the motor-armatures, (the ohmic resistance
of which ispractically negligible,) thus shunt-
ing the shoes and tending to drive the arma-
tures as motors in the reverse direction and
maintaining, as before, a substantlally con-
stant braking effect.

In Fig. 5 I shcaw still another arrangement

_of apparatus for carrying out my method.

In this the motor-armatures are in multiple,
while their fields are in series, and shunting
the fields are the storage battel y and the
brake-shoes, these being arranﬂ‘ed in series.

The motor - regulatinw lesismnce completes

the circuit both of the fields and brake shoes,
&e.

erounded connectwn but this is to be un-

derstood as l'epresentinﬂ* the ‘‘ ground-wire”

Q0

95 .
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In all of the diagrams [ have shown a

of the controllers, which is ordmarlly em-

ployed in completing these circunits, and un-
less the trolley-current be used the ground
performs no necessary funection.

In the arrangement shown in Fig. 5 the

battery acts as a resistance in series with the

brake-shoes and tends to maintain the fields

as the speed of the braking-generators drops,

so that even at moderate speeds the motors

have considerable effect in checking the car.
In this arrangement at high speeds the drop
in potential across fields F’ F* will be suffi-
clently great to cause current generated to

be shunted through the battery, charging it

and then passing through the brake-shoes;

‘but the principal part of the retardation will

be that due to the revolution of the motor-
armatures. As the speed falls off at a cer-
tain eritical speed, the electromotive force of
the battery will balance that of the arma-

tures and no current will pass through the

brake-shoes; but when the speed falls a lit-

tle lower the electromotive force of the bat-
tery will preponderate, and while still send-
ing current through the fields to maintain

TIO

115

120

125

130

this combination of apparatus is as follows: | the magnetization it will also send current
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the art.

through the brake-shoes in the reverse sense,
first demagnetizing them and then reapply-
ing them, so that when the car comes to rest
the shoes will be applied to hold it. A¢t the
same time a strong field will be generated, so
that a quick stop may be made immediately
after the car starts, even though still at low
speed—an emergency which sometimes arises
and which has not been provided for with
some forms of electric brake.

-1t will be noted that in each of the arrange-
ments shown in Figs. 2 to 5, inclusive, the
current which flows through the brake-shoes
i1s a function both of the electromotive force
of the motors when operating as brakes and
also of the electromotive force of the auxil-
iary source. In other words, any variation
in the electromotive force of the motors or
any variation in the electromotive force of
the separate source will produce a corre-
sponding change in the current flowing
through the brake-shoes.

In Fig. 6 I show a controller well adapted
for the exercise of my invention. .This par-
ticular controller is adapted to make the con-
nections illustrated in Fig. 3; but the modi-
fications necessary to adapt it to make the
connections illustrated in the other figures
will be readily understood by those skilled in
- Of course the one controlleris to be
taken as typical of all of those which may be
employed.
switch K, which is nsed when the motors are
operated by current from the trolley T, a re-
versing -switch RS, and a brake-controller

- BK, which connects the apparatus, so that

40

45

50

55
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the motors act as generators in a now well-
understood way. The fixed coniacts of the
different switches are numbered from 1 to 36
consecutively and the moving contacts bear
the same numbers with additional reference-
letters, such as 1%, &c., this being a well-
known system used in lettering such dia-
grams. The controller K connects the mo-
tors in series or in parallel, the movable con-
tacts engaging with the fixed contacis 4 to 7,
inclusive, shifting the resistance in ways now
well understo’od in the art, while the lower
contacts engaging with the fixed contacts 8
to 12, inclusive, serve to connect the motors
in different combinations. When the con-
tacts 9 to 12, inclusive, for instance, are just
touching the contacts 92, 10%, 11P, and 12°, a

shunt is hhrown around one of the motors and
its ¢ircuit is then opened, as contacts 9 and
10 pass off the contact-plates, until when con-
tacts 8® and 9° touch contacts Sand 9 the sec-
ond motor 18 connected in multiple with the
first and in series with a portion of the re-
sistance, which is progressively cut out by
the contacts 4® and 7°. This is a well-known
system of control and not ¢claimed in this ap-
plication. The reversing-switech is of the
usual consfruection and consists of certain
cross-connected contacts by which the rela-

tion of armature and field in the motors may i ture A* (which, it will be observed, is in

It comprises a motor-controlling

W et gL oM T e L "a .
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be reversed. The brake-switch BK is pro-
vided with three sets of contacts, those on
the left simply serving to shift the resistance
R in a well-known way. 7The intermediate
contacts on which the brushes rest in the off
position oif the brake-switch are simply for

70

convenience in effecting the necessary con-

nections, while those contacts upon the right
connect the motors, brake-shoes BS' BS? and
battery B, as presently to be deseribed. I
will trace only the first circuit from the con-
troller X, with the motors in series and full
resistance in circult, the others being unnee-
essary to describe and readily determined.
Current passes from the trolley T to fixed
contact 1, thence through contacts 1* and 22
in controller I, thence through the resistance
R to the point r, thence to fixed contact 30 of
the brake-switch, by the ¢ross-connected con-
tacts to fixed contact 34, thence to fixed con-
tact 16 of the reversing-switch, by ¢ross-con-
nected contacts on said switeh to fixed contact
14, through the armature A’, contacts 15 and
13 on the reversing-switch, contact 32 of the

brake-switch, through cross:connected. con-

tacts of said brake -switch to contact 33,
through the field F’, fixed contact 10 of the
controller K, to contact 9, to contact 20 of

“the reversing-switeh, by eross-connected con-

tacts on said switeh to fixed contact 18, arma-

ture A% contact 19 of the reversing-switch,

contact 17, contact 31 of the brake-switch,
then by cross connection to contact 24° and

through cross connections to contact 362,

brush 36, through the field F?, and out at
ground. The other functions of the controller
have already been briefly desecribed. When
now the brakes are to be operated, the con-
troller K will be in its ‘““off ” position, in
which the brushes 1 to 12, inclusive, are in-
operative. The movement of the switch BK
to apply the brakes first causes the contacts
30* to 34, inclusive, and 36* to pass from un-
der the corresponding fixed contacts and
then brings the contacts 21° to 28°, inclusive,
and 29° to 36%, inclusive, into engagement
with the two sets of fixed contacts 21 to 28,
inclusive, and 29 to 36, inclusive, respec-
tively. In the first operative position of the
switch the eontacts 21° to 23, inclusive, and

29* to 36" inclusive, touch their respective

fixed contacts, the reversing-switch remain-
ing in the same position as before with the
cross-connected contacts touching ‘the ixed
contacts 13 to 20, inclusive. As a conven-
ient startmn‘-pomt in tracing the circuit for
this position we may take the end » of the
resistance R, from which the circuit passes
to contact 30, contact 30°, and by cross con-
nections to 31° and 32°. From these latter
contacts eircuits lead to the respective motor-
armatures as follows: from 31° through fixed
contact 31, to fixed contact 17 of the revers-
ing - switch, through the reversing - switch
contacts to fixed contact 19, through armas-
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the reverse relation to its .,ﬂ'eld , as will pres-

~ently be noted) to fixed contact 18, through
" reversing - switch contacts to fixed cenhact

10

20, back to the brake-switch at contact 35°;
alqo, from 32° through fixed contact 32 0

fixed contact 13 of the reversing - switeh,

through reversing-switch contacts to fixed
contact 19, thrmwh armature A’ to fixed con-
tact 14, throun'h reversing-switch contacets to
fixed cont&ets 16 back to the brake-switch at
34°, these contacts being connected by a

- cross connection from the equalizer at the

armature end of the fields. The fields arein
circuit, respectively, with contacts 33° and

36° ag follows: from contact 33°, through the

field F', in the same direction as when the

" machine acts as a motor and to ground by

20

30

- As the brake-switch is rotated the resistance-

contaects gradually cut out the entire resist- |

way of fixed contact 29 and movable contact |

29°. from contact 36°, through the field F2
and to ground dlrectly Of course it is un-
derStood that in this case *“ground” means
the ground-wire of the controller, as already
explained. Starting again at the point r ot
the resistance the circuit passes in the other
direction through the resistance to contact 23
of the brake-switch BK, which is cross-con-
nected to contacts 21° and 22°, From con-
tact 21" the circunit passes through the stor-

age battery B to ground, and from 22°, .
through the brake-shoes BS' BS? in series

and in multiple with the battery 13 to ground.

ance o R in a way well understood, the system
operating in the manner descmbed

- What I claim as new, and desire to se'cure“
by Letters Patent of the United States, is—

1. The method of braking a moving load,
which consists in utilizing the momentum of
sald load to operate one or more braking-
generatorsand maintaining the braking effect
as the speed of said generators decreases by
gradually supplying current from another
source to-an electrically-actuated brake.

2. The method of braking a moving load,
which consists in operating one or more mo-

tors-as braking-generators driven by the mo-
mentum of said load, and producing in addi-

tion another braking effect which varies in-
versely with the speed of said motors.

- 8. The-method of braking a motor-driven
load provided with electrically - actuated
brakes, which consists in eonnecting the mo-
tors to operate as generators driven by the

momentum of the load, connecting the elec-

trically-actuated brakes to a source of cur-
rent-supply, and gradually increasing the

flow of current fromsaid source through said

brakes as the load slows down.

In witness whereof I have hereunto set my
hand thls 3d day of Jane, 1903,

- I‘.RANI; E. CASE.
Witnesses:

BENJAMIN B. HULL,

HELEN ORFORD.
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