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(No model. )

Lo all whom it may concern:

Be it known that I, FRANK J. SPRAGUE, of
New York, in the eounty and State of New
York, have invented a certain new and useful
Improvement in Methods of Operating Klec-
tric-Railway I'rains, of which the followmn 18
a specification.

The object of my invention is to provide an

- effective method of braking or slowing down
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a train on an electric railway, which shall not
entail that loss of energy incurred in the

methods of braking which have heretoiore

been used or proposed both in steam and elec-
tricrailways. ‘Thig method consists in chang:

1ng the electro-dynamic motor which receives

current from the line and propels the train
into a dynamo-electric generator receiving
energy irom the momentum of the train and
giving current to the line, and under perfect
control to vary the braking-power. Therefore
instead, as 1n the case of a mechanical brake,
of using energy to stop orsiow down the train,
by my invention such act of stopping or slow-
ing down gives current to the line and relieves
the generating-stations by furnishingaddition-
al power to the motors of other frains.

In my application Serial No. 121,487 is set
forth a method of varying the mechanical ef-
fects 1n an electro-dynamic motor by an in-
verse varying of the strength of the field-mag-
nets of the motor. My method of ch“mgmﬂ
the railway-motor into a generator is based
upon the same principle. By acontinued in-
crease of field strength I decrease, and finally
reverse, the mechaniecal effects of the motor.

When the machineis running as a motor, it
develops a certain counter electro-motive
foree, which, taken with theinitial electro-mo-
tive force, determmes the effective electro-mo-
tive force, and hence the armature-current.
This counter electro-motive force depends up-
on the strength of field and the velocity of
the armature, and is independent of every-
thing else. 1t is evident, therefore, that if

the strength of the field-magnet 18 increased
‘the counter electro-motive force is also 1n-
creased, and if ‘the increase of field is con- |
tinued the initial and counter electro-motive
forces will become equal, and then the counter
gso electro-motive force will predominate.

The

| machine hasnow become a generator and o1ves

currenttothelineandits mechfuucftl effect are
reversed, so that it brakes the train instead of
propellmcr it, and the current generated by it
and the braking-power or 1evelsed mechanical
effect are now controllable by farther Increas-
ing or by rediminishing the strength of field.

It will be seen that mechamcal energy 1is
received by the reversed motor according to
the mass of the train and its velocity. Tf !
train should start on a downgrade unprovided
with a brake, the energy of f%llmn would tend
to 1ncrease 1ts speed; but when my method of
braking is used thls mechanical energy 18
tr.:msformed in the machine into electrical en-
ergy delivered to the line, and augmenting that
supplied from the generating- St"bthHS to the
other trains, Whlch may be moving upon up-
orades or on levels.

When it is desired to slow down a train on
a level grade, the field is inereased, as before,
until the counterelectro-motive force predoml -
nates over the initial, and the energy stored

- up in the moving tmm is exerted to run the

machine as a braking-dynamo. As the train
slows, however, the “diminution of speed of
the armature WIH tend to diminish the coun-
ter electro-motive force, and the increase of
field strength must therefore be continued, S0

as to still méuntcun the connter electro- H]OBIT

force above the initial and keep the machine
running as a generator as long as practicable
when other methods of breaking. to be sct
forth in anotlier application, may be used if
necessary.

I will give an instance to show how effective-
ly my invention may be employed, premising
that when large masses of iron are used inthe
field-magnets the strength of the field can be
varled w1tmn eife{,tlve limits four or five
huandred per cent., and also that a well con-
structed armature can carry for a short time
fifty, seventy-five, or perhapsjeven onec huu-
dred per cent. more current than it can stand
for any long run. Suppose the armafture of
the motor in question to have a resistance of
three-tenths of an chm, with its field-magnet
in shunt relation to its armature (whieh is
'ﬂways the preferable manner of conuection)
and provided with suitable means for varying
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its strength. Suppose the 1nitial electro-mo-
tive force to be five hundred volts, and forty
horse-power to be required {rom the motor
when running atits maximum. Allowing for
losses in conversion this forty horse-power
would be about thirty-two thousand watts.
The counter electro-motive foree would be four
hundred and eighty volts, the efiective electro-
motive force twenty volts, and the current
sixty-seven ampéres. The electrical efficiency
of the armature would be ninety-six per cent.
Suppose the strength of the field to be 1n-
creasea about four per cent., the speed re-
maining the same, the motor running on a
downgrade, the counter electro-motive will
be increased to five hundred volts,and the mo-
tor-armature will then be perfectly passive
clectrically, neither taking from or giving to
the line. Let the field strength be increased
again one percent., and let the 1ncrease be con-
tinued in the same ratio. The result1sshown
in the following table:

Approximate energy re-
quired from train, al-
lowing for losses.

MTotal ieldincrease. Current to line.

b per cent. 13,3 amperes. 9.5 horse-power,
$ ‘¢ 29.3 H 20.9 '
7 a 40.3 a 32.7 a
S ‘e 61.3 s 44.9 .
9 & 7.9 a D0.9 ‘e
19 e 93.5 . 69,3 a

From the above it will be seen that by sim-
ply increasing the field strength one twenty-
fifth part, the machine is converted from a
motordriving atrainwith forty horse-power of
eftective work to aperfectly passive machine,
allowing the train to run absolutely free.
Then by increasing the field one one-hun-
dredth part the motor at once exerts a positive
braking foree, and on an inerease of about
eight and one-halfl per cent. above its criginal
strength 1t will give back to the line-current
equal to that which was originally taken from
15 sutficient, evidently, to run some other mo-
tor of the system which may at that time re-
quire that amount of current, and by increas-
ing the original field ten per cent. the machine
acts as a dynamo, requiring more than fifty
per cent. more energy than is demanded to
run 1t a8 a motor developing forty horse-
power.,

This method of braking, it will be scen, is
under perfect control, and it is the most econ-
omical system possible for an electric railway,
since whenever a train descends a grade and

whenever a train stops the energy stored up.

1n the moving train 1s delivered in the form
of electrical energy upon the line. This ad-
vantage 1s most readily appreeciable by com-
paring the action of my invention® with that
which oecurs on a steam-railway train. Sup-
pose it to be ascending a grade, then the en-
eine exerts more than its average amount
of power. When it reaches the top and
enters upon a downgrade steam is shut off,
and when the train begins to run faster than
18 desired steam is admitted to the vacuum-

>18,668

brake ejector, pressureisapplied to the trucks,
and the energy of the train is then converted
into heat on the rims of the wheels and on the
brake-shoes. In other words, all the energy
in excess of that necessary to run the train on
2 level which has been required to elimb the
grade 1s now thrown away in going down the
grade, 1nstead of being utilized, as in my sys-
tem; and, furthermore, additional steam is
actually required to check the tendency to
augmented speed. Then when the train ap-
proaches a stopping-place, or wherever it 1s
necessary toslow thetrain down quickly,steam
has to be employed to actuate the brakes, and
all this additional power is simply thrown
QAway.
part of this loss isentirely obviated.

16 1s true that not all of the energy will be
converted Into electricity; but alarge propor-
bion of it will be.

By my method of working the greater
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On o double-track road with both tracks

supplied from the same main eircuit, as set
forth 1In other applications made by me, the
energy given to one track is also communi-
cated to the other. The upgrades on one
track being always balanced by the down-
grades on the other track, it is evident that
the total upgrade of the whole system is equal
to the total downgrade therecof. 'Therefore,
energy being expended on the upgrades and

QO

given out to nearly the same extent on the .

downgrades, the energy requnired in thesystem
18 that sufficient to move a train upon a level
with aslightpereentageadded; buton asteam-
railway the energy required is not only that
sutficient to run a train on a level, but, in ad-
dition, that necessary to raise it from thelower
to the higher grades on both tracks, no mat-
ter how many of such grades there may be.

I may employ any effective method for vary-
ing the strength of the field, 1 may employ
adjustable resistance, or may cut in and out
sections of the field-coils, or reverse the cur-
rent In a greater or less number of said coils.
I preler, however, to employ such methodsas
have been seb forth in my prior applications
relating to the regulation of electro-dynamic
MOoLoTs.

1The accompanying drawing represents an
electric-railway system in which my invention
18 employed.

A A and B B are respectively the two
tracks of an electric railway. There are two
sets of working-conductors, ¢ ¢ and b b, pref-
erably divided into sections, from which the
motors Uand U derive current, and such work-
ing-conductors are connected by branch con-
ductors ¢ ewith the continuous main conduct-
ors I I, which extend the wholelength of the
line and receive current from the generating-
stations at D D by supply-conductors pn. The
working-conductors, instead of being interme-
diate rails of the track, may be wires placed
overhead or by the side of the track, orinany
position where the motor can receive current
from them; or the main rails of the track may

| form one or both sides of the working-eireuit.
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The main conductors may be placed overhead
or underground, or in any convenient posi-
tion.

In the formshown the motors have contact-
wheels ¢ ¢ on one side and f f on the other,
which travel on and take current from the
working-conductors. |

E is the armature, F I the field-magnet,
and G the commutator, of each motor. Kach
motor which travels upon the line is provided
with suitable means for regulating its field-
magnet strength.

As shown, connections g g from difterent
points of the main field-coils extend to con-
tact-blocks of a circular commutator, . Hrom
one limb of the magnet they extend to one side
of the commutator and from the other limb
to the other. An independent field-coil, k £,
huas its terminals connected to the arms{ /
which are insulated from each other, and are
pivoted atm. Portions of these arms are bro-
ken away in the drawing.

1t will be seen that the independent coil 1s
thus in a shunt between the two sets of main
coils, and by moving the arms I said inde-
pendent coil is shunted around a greater or
less number of the sections of main field-coils,
and thereby the magnetizing effect of said in-
dependent coil and the strength of the field is
varied, or by a continued movement of the
arms the current of the independent coil 18
reversed, so that it opposes the main field-
coils with a strength variable at will.

The terminals of the armature are prefera-
bly connected to arms # » on commutator A,
whereby the armature-current may be varied
or reversed in the same manner as the inde-
pendent field-coils when so desired.

It is evident that the use of my invention 18
not confined to a double-track road or to a
road in which main conductors are used to
supply working-conductors, for my method
of braking is applicable to any electrie-rail-
way system which has been used or proposed.

What I claim 18—

1. The method herein described of braking

an electric-railway train, which consists in 1n-
creasing the counter electro-motive force of
the motor propelling the train until it exceeds
the initial electro-motive force on the line.

2. The method herein deseribed of braking
an electric-railway train, consisting in increas-
ing the strength of the field-magnet of the mo-
tor propelling the train until the counter elec-
tro-motive force developed by its armasure eX-
ceeds the initial electro-motive force on the
line.

3. The method of operating electric rail-
ways herein described, which consists in in-

creasing the counter electro-motive force of 60

each motor when slowing down until 1t ex-
ceeds the initial electro-motive force on the
line.

4, The method of operating electric rail-
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ways herein described, which consists in 1n- 65

creasing the counter electro-motive force of
each motor when running on a downgrade un-
til it exceeds the initial electro-motive force
on the line.

5. The method herein described of main-
taining the counter electro-motive iorce of an
electric-railway motor above the initial when
the train is slowing down, which consists In
increasing the strength of the field-magnet of
the motor as the speed of the train slackens.

6. The method herein deseribed of slowing
down or stopping an electric-railway train,
which consists in increasing the strength of
the field-magnet of the motor propelling the
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train until the counter electro-motive force of 8o

the armature exceeds the initial electro-mo-
tive force on the line, and then furtherincreas-
ing the said field-magnet strength to maintain
the counter electro-motive force above the ini-
tial as the speed of the train slackens.

This specification signed and witnessed this
12th day of December, 1854,

FRANK J. SPRAGULE.

Witnesses:
T. G. GREENE, Jr.,
H. C. ROWILAND.
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