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Teall whom it may concern:

Be 1t known that I, Maurice LEBrLANC, a
citizen of the Republic of France, and a resi-
dent of Paris, France, have invented a new
and usetul Improvement in Systems of Elec-
trical Traction for Railways, of which the fol-
lowing is a specification. |

In systems of electrical traction as now com-
monly used there is a trolley-wire which 1s co-
extensive with the track with which the trol-
ley on the vehicle 1s required to be in con-
tinuous contact.
wires are employed, they are unsightly, and
underground trolley systems are exceedingly
expensive.

The objeet of my invention is to do away

- with the need of continuous contact between

20

30

35

40

the bmllev-—wu e and the trolley and to use in-
stead a series of equally-spaced supply- -points,
at each of which sufficient electrical energy is
fed to the vehicle to enable 1t to travel to the
next supply-point with an ample surplus to
take care of accidents. In this way when
supply - points are overhead 1t i1s no longer
necessary to disficure the streets with an un-
siohtly trolley-wire. Instead there will be
employed aseries of ornamental posts spaced
at suitable distances along the track, each of
which will support an ornamented contact de-
vice through which the electricity can pass to
the car when it reaches the post in question.
The posts may also act as hangers for electric
lamps, and thus serve a function which would
to a great extent conceal their primary pur-
pose. On the other hand, I may arrange the
supply-pointsator nearthe ground and prefer-
ably just above the surface of the ground. 1In
thiscase in order to prevent accidental contact
therewith of pedestrians or horses the station-
ary electric contacts will be 1ncased within
hollow cast-iron housings properly slotted to
permit the entrance and exit of the trolley-
arm carried by the vehicle. These housings
will have something of the same appearance
and the same offect upon the traffic as do the
spur-stones which are commonly planted in
the middle of wide roads. Whatever form
the supply-points may take, however, it will
be desirable that the contact device or trolley

50 on the vehiele should be so constructed as to

| oraduate the

When overhead trolley-

K|

ow of current when contact
with the supply - point 1s being made and

broken, to which end the contact device on

the car may be made in sections, the terminal
sections being interconnected through high

resistances.

Coming now to a consideration of the de-
vice on the car which 1s to act as a reservoir
of electrical energy between two consecutive
supply-points, I may say that if nothing had
to be considered but the quantity of energy
to be stored 1t would be found that a second-
ary battery of comparatively small weight
would answer:; but unfortunately 1t will be
observed that suchsecondary battery will have
to be recharged within an extremely short
space of time at 1s to say, during the pas-
sage of the car before a given supply-point.
This means that the accumulator must have
elements with large surfaces, and it to reduce
welght very thinlead be employed theaccumu-
lator will be rapidly destroyed by local actions.
For these reasons it will be found impossible
to take advantage of the small capacity re-
quired for the battery for the purpose of mak-
ing its weight appreciably less than that of a
battery capable of serving for a complete trip.
I have therefore used as a reservolr of energy
on the car a fly-wheel rotating at a very high
speed. This fly-wheel I accelerate in motion
by an electric motor on the car which 1s sup-
plied with electrical energy at the supply-
points. The fiy-wheel then serves between
the supply-points to run a dynamo on the car
to furnish electricity to the driving-motors
connected with the car-wheels. 1 have found
that ] can in this way store suflicient energy
in the fly-wheel to carry the car a distance
equal to that between two consecutive supply-
points with an ample matrgin, tfor without
subjecting the steel, of which 1 assume the
fly-wheel to be built, to a greater strain than
ten kilograms per square millimeter, which 1s
a strain under which steel is normally worked,

I can store therein two hundred thousand

kilogram-meters of energy without giving the
fly-wheel a greater weight than three hun-
dred and twenty kilograms; but this energy

is sufficient many times over to carry a heavy
. car between supply-points forty meters apart.
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‘vation, on an enlarged scale, of the contact de-

The motor for driving the fly-wheel and the
dynamo which the fly-wheel drives together
constitute a motor-generator. I preferably
construct this motor-generator by employing
a single field ring or structure for both the
motor and the generator and by having the
common armature which rotates within this
ield-ring serve both for the motor and for
the generator. Certain portions of the feld-
ring of this motor-generator are thereupon
wound with the field-coils of the motor and
other portions of the field-ring are wound
with the field-coil of the generator. The ar-
mature 1s preferably built of sufficient weight
and rigidity to serve as the fly-wheel and is
supplied with a commutator and two dephased
pairs of brushes, one pair for the motor and
the other pair for the generator. In view of
the fact that the fly-wheel dynamo is to ro-
tate at very high speed I may support it in a
frame hung on gimbal-joints, with the axis
of rotation vertical, for the purpose of avoid-
ing the evils of gyroscopic effects. For the
purpose of avoiding nutational effects T may
mount the armature of the fly-wheel dynamo
in this frame by a ball-and-socket joint.

The above will serve to make the general
purpose and design of my invention clear.
In order that it may be understood in oreater
detail, I refer to the drawings, in which—

Figure 1 showsan end elevation of a vehicle
In position to receive current from an elec-
trolier used as a supply-point. the road-bed
and rails being in section. Fig. 2 is an ele-

vice on the electrolier. Fig. 3 isa top view
of this contact device. TFig. 4 is a plan of
the roof of the car shown in Fig. 1, and Kig.
4" a detail thereof. Fig. 5 is a section of
the road-bed and of a contact device such as
1s used on the surface of the oround, the trol-
ley-arm being in position. Fig. 6 shows in
diagram a single-track road with the equally-
spaced contact devices on the surface of the
ground. Fig. 7 shows an elevation of the co-
operating trolley depending from the car-
body. Fig. 8 is an end view of the same.
Kig. 9 shows an enlarged detail of the same.
Fig. 10 shows the motor-generator, the mo-
tor for driving the car, and a diagram of the
circuit connections on the car. g, 11 shows
the field-winding and field-frame of the mo-
tor-generator, and Fig. 12 shows a vertical
section of the fly-wheel motor-generator.

I have shown in Fig. 1 a double-track rail-
way with an underground feed-wire 5, elec-
trically communicating with arched contacts
1 upon electroliers 2, which are spaced at suit-
able distances apart along the road way. The

two ends of the arched elastic contact are
formed Into oppositely-wound spiral SPrings
3, connected to the pintle 9. which is sup-
ported upon the insulator 3 by a collar 7, elec-
trically connected, through the wire 6, to the
underground source of supply 5. In this way

791,982

I provide an exceedingly elastic form of con-
tact device which will withstand the repeated
shock of contact with the traveling cars.

The contact device on the car which cosper-
ates with the type of stationary contact shown
in Fig. 1 T have illustrated in Fig. 4. Tt con-
sists of an elliptical conducting-rod 11, mount-
ed and suitably braced upon the car-roof by
standards 110. It is to be understood that in
the progress of the car along the roadway the
rod 11 is pressed into contact with the arched
elastic contact 1 of Fig. 1, and this no matter
on which track the car is running. The cur-
rent comes from the stationary supply-point,
passes into the rod 11, then to the translating
device on the car, and to the car-wheels and
track-rails, as is customary: but in order that
the tull strength of the current from the main
o may not be suddenly impressed upon the
rod 11 and upon the circuits of the motor
of the motor-generator which are connected
therewith I surround this rod with a tube 111,
of insulating material, at those four points
with which the arched contact 1 first makes
contact, and upon such tube of insulating ma-
tertal I space metallic rings 112, which rings
are consecutively connected by high - resist-
ance wire R, the last ring being connected to
the rod 11.  This construction has been shown
in detail in Fig. 4*. Since now the motor
partof the motor-generator iselectrically con-
nected to the rod 11 and the first contact of
the arched contact 1 with therod 11 is through
the rings 112, it will be evident that the cur-
rent 1s supplied to the motor of the motor-
generator at each supply - point through a
graduated resistance. Ontheother hand,when
contact between the rod 11 and the device 1
1s to be broken it is equally plain that this
will be done by the gradual interposition of a
number of resistances R. Wesee, then, that
whether the contact between the car and the
stationary supply-point is about to be made
or about to be broken and no matter in what
direction the car is running the make or the
break will be gradual and will produce no
sparks. |

I may now describe a type of contactor sup-
ply point which may be used on the surface
ot the ground. Ithasbeen illustrated in dia-
gram 1n connection with a single-track road
in Fig. 6. Here the numeral 12 shows a
sketeh in plan of a housing surrounding the
supply-point, and the numeral 16 indicates a
similar sketch of the longitudinal trolley-arm
which cooperates therewith as it hangs below
the body of the car. It is to be understood
that the longitudinal arm 16 penetrates a lon-
gitudinal aperture 150 in the housing 12 and
traverses it in a given direction, the depend-
Ing supports of the trolley-arm 16 passing
through the slot 15 in the upper face of the
housing 12.

As shown in Fig. 5, current is carried from

the feed-wire 5 to the conducting-brackets 30,
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mounted on the insulator 3. The conductine-

brackets 30 are connected to the contacts 13,
which are supported by but insulated from
the housing 12 by means of plates of msulat-
ing material 130. The slot 15 mn the upper
face of the housing 12 communicates with the
longitudinal aperture 150, which runs through
the housing from end to end. There remains
to describe the construction of the longitudi-

nal trolley-arm 16, the contacts on which co- |

operate with the stationary contacts 13. This
longitudinal trolley-arm 16, of electrically-
conducting material, runs from end to end of
the car. The contact-plates 17 are mounted
upon it by means of sliding metallic ping P
and springs 18, asclearly shown in Figs. 5 and
3. In order that the full potential of the sta-
tionary contacts 13 may be gradually 1m-
pressed upon the trolley-arm 16, or, what is
the same thing, the central sections 17, to
which the motor of the motor-generator 1s
electrically connected, I build the end plates
17" by mounting them on plates of insulating
material 171 and by fastening these plates 171
to the pins p». Thereupon I connect the ad-
jacent pairs of plates 17 to each other and the
last to the terminal plates 17 by Ligh-resist-
ance wire R. I adopt this construction at
each end of the trolley-arm. It will thus be
seen that no matter in what direction the ve-
hicle is movinge the current trom the station-
ary contacts 13 1s compelled to traverse in se-
ries a number of plates 17°, connected by high-
resistance wire R, before reaching one of the
plates 17, which 1s connected with the motor
of the motor-generator on the car through the
trolley-arm 16

In order to permit the trolley-arm 16 to
have a sufficient amount of Iateral movement
for the purpose of registering with the longi-
tudinal aperture 150 in the housing 12, I sup-
port this arm 16 by the means of hangers 19,
pivoted on the axis v to the under surface
of the car-body V. To dampen the oscilla-
tionsof the hangers 19, I rigidly connect there-
with the laterally-extending arms 191 and the
braces 190, and 1 interpose springs s between
the arms 191 and the car-body. Iadd, by way
of conclusion, that in order to preventall pos-
s1bility of an electric shock to pedestrians or
horses from contact with the housings 12,
should these be electrically charged by reason
of a leak from the normally charged supply-
points 13, 1t 1s preferable to permanently elec-
trically connect the cast-iron housings 12 with
the rails on which the car travels and which
are the common return for the system.

So much being said for the construction ot
the electrical supply-points which, whether
overhead or at the surface of the ground, are
arranged to supply electrical energy at inter-
vals to the traveling vehicle, it is now neces-
sary to make clear the precise construction of
the reservoir of electrical energy or fly-wheel
motor-generator which 1 employ on the ve-

windi

 mature-coil.

&

hicle. This 1s diagrammatically shown in
Fig. 10 in connection of the driving-motors
35 36, which are connected to the car-wheels.

As I have before stated, I employ for my
motor-generator a single field structure 300
wound with motor field-coils 31 32 and with
ogenerator field-coils 33, which dual structure
cooperates with a single common armature-

ring 22. The field-coils are placed within di-
ametrically opposite recessesin the field struc-

The

ture, as shown. Held-flux generated by

the motor-field windings 31 32 1s indicated at -

@ in Fig. 11 and the field-flux created by the
oenerator-field winding 33 is indicated at o.
It will be noted that the direction of the field-
flux @, which is cut by the armature, is, gen-

erally speaking, at right angles to the direc-

tion of the field-flux 4. Upon the commuta-
tor 23 of the armature 22 bear four brushes
95 27 24 26, spaced ninety degrees apart. If

these brushes are properly set, it will be seen -

that the current which enters by the brush 25
and 1ssues by the brush 27 is influenced by

, 70

75

S0

the motor-field flux &, but 1s uninfluenced by

the generator-field flux . Similarly, the cur-
rent which enters by the brush 24 and issues
by the brush 26 is influenced by the gener-
ator-field flux 6, but 1s uninfluenced by the
motor-field flux . To avoid the necessity of
a separate fly-wheel, I preferably build the

90

95

armature 22 of steel stampings and heavy

enough to act as a fly-wheel.

Both the oenerator and the motor of the
motor-generator are required to operate un-
der varying conditions of load and voltage,
which means that the armature reactions will
vary within considerable limits. Since it will
be difficult, if not impossible, to compensate
for thisirregularity by a shifting of the arma-
ture- ’Jrusheq I provide two neutraluln@ field-
ngs on ‘the field structure—one (shown
in full Lines in Fig. 10 and designated by 301)
which is intended to neutralize the armature
reactlions of the motor part of the motor-gen-
erator and the other (designated by 302 and
shown in broken lines in Fig. 10) for neutral-
izing the armature reactions ot the generator
part of the motor-generator. It will be seen
that the winding 301 1s laced through the ap-
ertures 280 and 1s connected in series with the
brushes 25 27. Designating by A the cur-
rent which flows across the bruSheS 25927, the
neutralizing field-winding 301 1s so propor-
tioned that the current A flowing through
this field-winding 301 will produce 2 flux in
the line of the brushes 25 27 of an intensity
equal but of a sign opposite to the flux pro-
duced 1n this same line by the action of the
current A in the armature-coils. Stated in

another way, there 1s opposite each armature-
coll carrying the current A a neutralizing field-
coil 301, carrying the same current A in the
opposite direction, and thus neutralizing the
magnetizing effect of this current in the ar-
Similarly designating by B the
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current which flows across the armature from
the brush 24 to the brush 26, it will be under-
stood that the field-winding 302 is connected
in serles with the brushes 24 96 and that the
current B flowing in the field - winding 302
will set up a flux in the line of the brushes 94
26 of an intensity equal but of a sign oppo-
site to that set up in this line by the action
of the current BB in the armature-coils. . The
field-windings 301 and 302 by neutralizing
the effect of the armature magnetization nei-
tralize the armature reactions, so that the mo-
tor and the generator of the motor-generator
may operate under widel y-different conditions
without requiring the position of the brushes
to be changed. |

If we trace the circuits for the motor part
of the motor-generator, we have to begin with
the point 11, which receives the current from
the supply-point. The current passes from
11 to the field-coils 31, which are indicated by
a heavy full line in Fig. 10, and thence through
the apertures 280, along the four sides of the
ring 300, through the neutralizing field-wind-
ing 301.  The current thereupon passes to the
brush 25, through the armature-coils to the
brush 27, and thence to the common return
30, which is connected with the car-wheels.
It will be seen that the motor field-coils 31
are 1n series with the armature. Their object
1s to reinforce the field at the moment when
the current from the line begins toarrive and
when the speed of the dynamo is at its mini-
mum; but I also add a field-winding 32 in
stunt of the brushes 2527, which permits the
motor to develop an opposing voltage, which

1s practically equal to that of the charging- -

line at the moment when the line-current is
bemg interrupted. The motor partof the mo-
tor-generator is therefore compound wound.
The actions of the motor feld-windings are
completed by the rheostats R, with which the
ends of the trolleys 11 16 are provided. Under
these conditions the closing and the breaking
of the charging-circuit is not accompanied by
sparks and a consequent loss of energy.

1 must now trace the circuits of the oenera-
tor part of the motor-generator. The field-
colls 33 are represented by the broad dotted
line 33 of Fig. 10. The held-cireuit, includ-
ing the field-coils 83 and a rheostat 34, ex-
tends between the points 11 and 30, between
which a practically constant voltage is main-
tained. The armature-circnit of this genera-
tor passes from the brush 24, through the ar-
mature-coils, to the brush 26 and thence
through the neuntralizing field-coil 302 to the
armatures ot the driving-motors 85 36, thence
through a reversing-switch 39, through the
series field-coils 38 37 of the driving-motors,
and back to the brush 24. It will be seen

that by varying the rheostat 84 the field ex-
citation of the generator is varied,and with it
the voltage developed between the brushes 94
26, and the current sent to the motors 35 36.

»

791,982

By means of the reversing-switch 39 the driv-

Ing-motors of the car can be converted into
generators, whereby they become energetic
brakes either when a stopis to be made or dur-
ing the descent of a long slope. The energy
given off by the caris thus not lost, but taken
up by the fly-wheel dynamo. It may bemen-

tioned in this connection thatif the car should

be stalled a considerable time by reason of

some incumbrance on the road between two
supply-points, it will be sufficient to break
the exciting-circuit of the fly-wheel dynamo.
In that case the fly-wheel dyn amo,having only
to overcome 1ts friction, will be able to rotate
a long time before it stops.

It remains to describe the mechanical con-
struction of my fly-wheel motor-generator.
This has been indicated in Fig. 12.  Since this
motor-generator 1s to revolve at very high
speed, I mount the same npon a standard 400,
having a frame 41, connected by pivots to a
second frame 410, which is in turn connected
by pivots at right angles to the first to the
frame 44--that is to say., the frame 44 is
mounted upon the frame 400 by a double set
of pivots constituting a universal or gimbal
joint, like that used in a mariner’s COMPASS.
Connected to the downwardly-extending arms
of the frame 44 is the base-plate 40, it beingy
anderstood that the field-frame 300—-in this
case the stator-—of the motor-generator is con-
nected to the downwardly-extending arms of
the frame 44 and that the armature 22—in this
case the rotor—of the motor - generator is
mounted on the base-plate 40 by means of a
ball-joint 500, cooperating with the soclket-
plate 503, there being feed and exit for oil
through the ports 501 and 509.

The tield-coils 31 of the motor-generator are
shown in section, and the neutralizing field-

winding 301 is shown in clevation as composed

of copper strips. The armature-winding 220
1s also shown as composed of copper strips
and as connected to the seoements of the com-
mutator 23. T'he segments of the commuta-
tor 23 are rigidly clamped in place against
the central body 225 of the armature 99 by
means of a cap-ring 230, which is serew-thread-
ed upon a standard 296, risine from the cen-
tral body 225. A clamping-ring 231, which
surrounds the commutator-segments, serves
to keep them from being torn apart by cen-
trifugal force. Thescrew 48 servesto clam D
the bearing -sleeve 430 rigidly against the
standard 226, the parts 43, 430, 225, 296, 23,
and 22 being thus firmly connected into one
rigid structure. |

It 1s to be noted that the outer surface of
the armature 22 and the inner surface of the
field structure 300 are built on the surtfaces
of spheres, having as centers the center of the
ball -and-socket joint 500. It is to be fur-
thermore noted that the bearing-sleeve 430
may oscillate through a small are within the

 steadying-plate 440, which is rigidly fastened
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to the frame 44. A ring of caoutchouc 441,

of larger diameter than the bearing-sleeve 4
serves to keep this sleeve at or near the cen

50,
ter

of the orifice 1in the frame 44 and steadying-

s plate 440.

I may say that I have not indicated the
brushes which bear upon the commutator in

Fig. 12, s0 asnot to crowd the drawing.

ther have I shown the several wires wh

10
ator.

It will be reaclily understood that by s

pending the shaft of my fly-

Nei-

ich

lead to the various parts of the motor-gener-

US-

wheel dynamo in

a vertical direction and from gimbal or uni-

versal joints no diff
by reason of any gyroscopic e
high rotational speed of the
case the armature of the motor - generat

15

culty will be experienced
Tects due to the
lyv-wheel, 1n this

Or,

Again, 1t 1s to be understood that any dis-

20

symmetrical distribution of the weight of the

fly-wheel will, by reason of its great speed.,

tend to produce harmful reactions on the be

inges. There will be a

25 ¢

ar-

tendency of the arma-
ture-axis to have a movement of nutation—
hat 1s to say, a tendenm to wabble; but
these harmful reactions in the bearings are

done away with in the construction which I

30
space between the field and the armature S

have adopted, this being due to the fact that
the armature may turn on the universal ball-
and-socket joint 500 without changing the air-

uf-

icient looseness or play for this purpose hav-

ing been allowed in the upper bearing of the

armabure-axis.

While I have deseribed my motor-generator

as working with a direct current, it is mani-
fest that this is not the only type of current

which I may employ. The word *

dynamo?”

1s used 1n its generic sense as covering either

a motor or a generator.
The motor-generator or

40

'Y

v-wheel dyna

mo

shown and described in this application has

been claimed in my companion application,
Serial No. 236,147, filed December 9, 1904.

I claim—

1. A system of electriclocomotion compris-
ng a series of curxent-supplv ing points, and

v-wheel motor-gene

a vehicle carrying a
tor,

from the supplnnﬂ-pomts and supp

I'ad-

receiving at intervals a motive current
,VI'[]U

working current to the vehicle, substan Jlally

as described.

2. A system of electric traction comprising
a fly-wheel motor-generator mounted upon a

55

car and receiving, at intervals, driving-cur-

rent from a line extending along the road and
tfurnishing driving-current to an electric mo-
tor or motors mounted upon the car and con-
nected wilth the driving-wheels thereof, sub-

fe cst*mtmlly as clescribed.

In a system of electric traction a charged
electl ¢ conductor extending along the road

having supply-points tapping the conduc

tor

at spaced 1ntervals, a brush mounted on the

65 car for contact with said points, and a f

1y-

S

wheel motor-generator on the car driven by
the current collected from the line and gen-
erating current for driving a propelling mo-
tor or motors mounted on the car, substan-
tially as described.

4. A systemof electric traction comprising
a series of current-supplying points, and a ve-
hicle carrying a contact containing a series ot
insulated sections connected by resistances
and a fly-wheel motor-generator receiving mo-
tive current from the supplying - points and
supplying working currentto the vehicle, sub-
stantially as described.

5. A system of electrical locomotion com-
prising a series of current-supplying points,
and a vehicle carrying a fly-wheel motor-gen-
erator, having a compound motor-field wind-
ing, and receiving at intervals current from
the supplying-points and supplying working
current to the vehicles, substantially as de-
scribed.

6. A system of electmcal locomotion com-
prising a series of current-supplying points,
and a vehicle carrying a contact containing a
series of 1nsulated sections connected by re-
sistances and a fly - wheel motor-generator,
havinga compound motor-field wmdmg, Whmh
recelves motive current from the supplying-
points and supplies working current to the
vehicle, substantially as deseribed.

7. A system of electrical locomotion com-
prising a series of cmrent—supplyino‘ polnts,
each carrying arched elastic contacts having
their ends formed into oppositely - wound
springsand pintles for supporting the springs,
and a vehicle carrying a motor-generator re-
celving at intervals a motive current from the
supplying-points and supplying working cur-
rents to the vehicle, substantially as deseribed.

8. A vehicle carrying a motor-generator
comprising a field structure having a motor-
field winding, and a generator- field winding
1n circult with a rheostan, a common armature
and commutator having a pair of motor-
brushes and a dephased pair of generator-
brushes, and a driving-motor for the vehicle
in circuit with the generator-brushes, sub-
stantially as described.

9. A vehicle carrying a motor-generator
comprising a field structure havmﬂ‘ a motor-
field winding and a generator- qeld winding,
a common armature and commutator having
a pair of motor-brushes and a dephased pair
of generator-brushes, a reversing-switch, and
a driving-motor for the vehicle in circuit with
the generator-brushes through the reversing-
switch, substantially as described.

10. A vehicle carrying a motor-generator
comprising a field structure having a motor-
field winding and a generator-field winding
1n circult with a rheostat, a common armature
and commutator having a pair of motor-
brushes and a dephased pair of generator-
brushes, a reversing-switch, and a driving-
motor for the vehicle in circuit with the gen-
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erator-brushes through the reversing-switch,
substantially as described.

11. A vehicle carrying a motor-generator

comprising a feld structure having a motor-

5 field winding and a generator-field winding,

2 common armature and commutator having

a pair of motor-brushes and a dephased pair

of generator-brushes, a series-wound driving-

motor for the vehicle, 1n circuit with the gen-

10 erator-brushes, and a reversing-switch be-

tween the armature and field of

motor, substantially as described.

the driving-

In testimony whereof 1 havesio
to thisspecilication in the presenc
seribing witnesses.

red my name
e of two sitb-

MAURICE LEBLANC.

Witnesses: .
ALBERT DnLas,
EpwarD P. Macliran.
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