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To all whom it may conceriv:

Beitknown that I, Lwis HALLOCK NASH,
a citizen of the United States, and a resident
of South Norwalk, in the county of Fairfield

5 and State of Connecticut, have invented cer-
tainnewand useful ITmprovementsin Methods
of and Apparatus for Electric Propulsion, of
which the following is a specification,

My invention relates to certain improve-

10 mentsin the method of and apparatusfor elec-
tric propulsion, as designated in the claims
concluding this specifieation.

In the accompanying drawings, Figure 1
shows an ordinary street-car with apparatus

15 involving my invention. Fig. 2 shows dia-
grammatically the dynamo and motor carried
on the car shown in Fig. 1.

My invention is applicable not only to the

propulsion of street-cars, but may be used in
20 the propulsion of road-carriages, boats, and
other vehicles.

The following is a description of the draw-
ings, which show my invention applied in one
of the many forms in which it may be em-

25 Dbodied. '

Referring to Fig. 1,2 is an engine or prime
mover of any suitable type. I have shown a
gas or petroleum engine, which is the form I
at present prefer. 3 is a dynamo connected

30 to and driven by the engine 2. 4 4 are mo-
tors arranged beneath the cars and connected
with the wheels 5 5 in the ordinary manner.

Referring to Fig. 2, 3 is a dynamo, and 9 is
4 series-wound motor driven by the current

35 produced thereby. 101is a shunt-winding on
the magnets 11 11 of the dynamo, having a
resistance-box 12 connected in civcunit. 13 is
& series winding on the said field - magnets
coiled in the opposite direction to the shunt-

40 winding 10. 15 15 are the main conductors,
connected with brushes 16 16 of the motor,
passing around the field-magnet 17 17 in se-
ries.

The operation of the deviece shown in the

15 drawings may be thus described: The prime
mover is preferably, although not necessarily,
to be run at a substantially constant speed.
Supposing it to be so running at a given
speed, developing its full power, while the

50 car is moving on a level part of the track,
when the car encounters a grade it is plain
that the power available would be insufficient

to propel it up the grade at the same speed,
while it might be amply sufficient to propel
it up the grade at a diminished speed. Un-
der conditions of increased work it is desir-
able that the motor be supplied with a larger
current. If, however, this additional current
had to be furnished by the prime mover at
the same voltage as before, it would require
a larger expenditure of energy than we have
assumed is available. By the arrangement
shown in the drawings, however, additional
currentisatthistimeautomatically furnished
to the motor at a correspondingly-diminished
electromotive force, and hence without the
expenditure of more energy. The car sim-
ply slows down to the point at which the
prime mover can drive it up the grade. This
result is obtained automatically thus: The
shunt-winding 10 is made of a suitable gage

“and length of wire, so as unaided to ener-

gize the magnets 11 o the maximum degree,
but preferably somewhat below the point of
saturation. As current flows through the
main line the magnetization of the magnets
diminishes in proportion as the current in
the main line inecreases, this being due to
the fact that the windings of the shunt and
the series coils on the magnets of the dy-
nanio are in opposite directions. Assuming
that the proportion existing between this
shunt and series winding is such that when
the car is on a level stretch of road a suitable
current is being supplied to the motor 9, it
is plain that as the motor slows down on en-
countering a grade the current Howing
through the series coils willinerease and will
thereby diminish the magnetization of the
fleld-magnets 11, which in turn will reduce
the electromotive force of the current de-
livered to the motor. Hence, although more
amperes of current are supplied to the motor,
the watts developed by the dynamo, and there-
fore the work being done by the engine, may
not beincreased. These windingsmay, there-
fore be proportioned in such a way that there
will be an instantaneous self-adjustment of
the current supplied by the dynamo to the
needs of the motor under varying conditions
of use. The principles which govern the pro-
portioning of the elements to the conditions
of use are now well known and can be readily
applied to each case as it arises without fur-
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ther deseription by any competent clectrical |
engineer, :

Referring again to Iig. 2 of the drawings, |
the resistance-box 12 is of ordinary form and ‘
placed in the shunt 10. It will readily be
secn that by means of this resistance-box the l
speed of the motor is brought ander the con- |
trol of the motorman, the same self-adjust- !
ment between the dynamo and the motor tak-
ing place as well when the cuvrent in the
shunt-winding is diminished by an interposed
artifieial resistance as when all the resistance
is eut out.

The car may be started by culting out sue-
cessively resistance-coils, or it may be started
by cutting out all the resistance-coils and
allowing the full normal amount of current
to flow through the shunt 10.  Under this Iat-
tercondition the motor woeunld still stavt slowly
and build up gradually, beeause at the start
a comparatively large current would flow
through main conductors at a comparatively
low clectromotive force, the current reducing
in volume and inereasing in electromotive
Toree as the speed of the motor inereased.

One of the advantages of this method of op-
eration and arrangement of parts is the fact
that no current ean be generated by the dy-
namo which is greater than the motor can
stand, even if it be at rest, hecause the wind-
ings may be so proportioned that the dynamo
will fail under all conditions to generate a
current of greater quantity than the motoris
designed to utilize.

Instead of controlling Lthe speed of the mo-
tor by means of the resistance-hox 12 it might
be controlled by varying the speed of the en-
gine, since both methods would determine the
output of power of the prime mover, and
therefore the speed of the motor under given
conditions. It is in many cases, however,
preferable to control the speed by means of
the resistance-box, as the prime mover can
then be placed ina position where the attend-
ant need give no attention to it.

In the foregoing specification I have inci-
dentally referred to some of the modifications
which might be adopted in practicing my in-
vention; But I have not endeavored to speeify
all the modifieations which might Le em-
ployed, the object of this specification being
to instruct persons skilled in the art to prac-
tice the several novel features of my inven-
tion in their present preferred forms and to
enable them to understand their nature; and
I desire it to be distinetly understood that
mention by me of a lew modifications is not
in any way intended to exclude others not
referred to, but which are within the spirit
and scope of my invention, and that in so far
as my invention consists of novel methods
these are independent of the mechanism de-
seribed or of any particular mechanism.

Many of the combinations and details illus-

trated and above described are not essential

. to the several features of iy invention sepa-

rately and broadly congidered. All this will
be indicated in the concluding claims, where
the omission of an element or the omission of
reference to the detail features of the ele-
ments mentioned is intended to be a formal
declaration of the fact that the omitted ele-
ments or features are not cssential to the in-
ventions therein severally covered.

What I elaim is—

1. The combination with an electric gen-
erator run at a substantially constant speed,
of a translating device constructed and ar-
ranged to translate inlo work a constant en-
ergy in watts at varying potential and current
said generator having on its ficld-magnets
shunt and series coils wound in opposite di-
rections whereby constant watts at varying
potentialandcurrentarvesupplied tothe work-
civeuit ag the resistance of that civeuit varies.

2. The combination of o vehicle, an electrie
generator having on its field-magnet shunt
and series coils, the currents through which
flow in opposite directionswith a series-wound
motor. :

3. The combination with an electric gen-
erator run at a substantially constant speed
of a series-wound motor, said generator hav-
ing on its field-magnets shunt and series coils
wound in opposite directions whereby con-
stant watts at varying potential and current
are supplied to the work-cirenit as the speed
of said motor varies and a variable resistance
in said shunt-cirenit of said dynamo.

4, The combination with a vcehicle of a
prime mover, and dynamo operating at a de-
termined speed, an electric motor and means
for automatically varying in inversc ratio
both the amperes and volts supplied to the
motor as the work imposed upon it varies.

5. The method of propelling a vehicele con-
sisting in developing a constant energy in
watts in a prime mover earried on the vehicle
and of interposing between said prime mover
and wheels or other driven element a motor
adapted to utilize a constant energy in watts
at different speeds.

6. Thecombination of an electric generator
having on its field-magnets shunt and series
coils wound in opposite directions whereby
constant watts are supplied to the work-cir-
cuit under variations of resistance in said
circuit, a manually-operated resistance in
said shunt-cireuitl for varying the output of
the generator in watts and a translating de-
viee constructed and arranged to translate
into work o given energy in walts at varying
potential and current.

LEWIS HALLOCI NASIIL

Witnesses:

M. WILSON,
Cras. J. RATHIBN.
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