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UNITED STATES

PATENT OFFICE.

FLEEMING JENKIN, OF EDINBURGH, SCOTLAND; JOSEPH I. PEYTON, OF
WASHINGTON, DISTRICT OF COLUMBIA, ADMINlSTRATOR OF SAID JEN-

KIN, DECEASED.

MECHANISM FOR TRANSPORTING GOODS, &c., BY ELECTRICITY.

SPECIFICATION forming part of Letters Patent No. 343,319, dated June 8,1886,

. Application filed May 23, 1883. Serial No. 95,944,

b all whom it may concern:

Be it known that I, FLEEMING JE ENKIN, a
subject of the Queen of Great Britain, resid-
ing at 3 Great Stuart Street, debmgh Scot-
5 land, have invented certain new and usefal
improvementsrelating to mechanism for trans-
porting goods and passengers by the aid of
electricity and the regulation of the speed of
machinery driven by electricity, (for which I

10 have received Letters Patent in Great Britain,

No. 4,548, dated September 23, 1832,) of which
the following is a specification.

This invention has for its primary objeet im-
provements in that system of electrical trans-

15 port which I have called ¢ telpherage,’’ in

which electrically-propelled and automatical-
ly-controlled vehicles or trains run upon an
elevated rope or rail, which also serves as a
conductor to convey electric energy, and all

20 parts of the invention have been specially de-

signed with this specific purpose; but certain

parts will also be eminently useful in other

electrical and mechanical combinations.
The improvemenis have five specific objects:

25 First, providing good insulation consistently

~ with strength in the telpherlines; second, pro-

viding locomotlves which shall run on lines
with a minimum of friction; third, securing a
definite minimum interval between the trains;

30 fourth, an improved method of applying the

parallel-arc system of propulsion; fifth, the

automatic governing of the electric motors.
In the accompanying drawings, Figures1 to

8 show insulators. Fig. 9 shows a carriage.

35 Figs. 10, 11, 12, 13, 14 and 15 show locomo-

tives. I‘Jos 16'and 17 show methods of block-
ing. Fig. 718 shows a detail of the blocking
system. Fig. 19 showsan arrangement of con-
ducting road for working on the parallel-arc

40 system. Figs. 20, 21, and 22 show insulator

for block-wires. TFigs. 23, 24, and 25 show a

circuit-closer in the form of a carriage to rnn |

on the wires. Tigs. 26, 27, and 28 show gov-

ernors for regulating the speed of a train or of
45 machinery driven electrically.
detail of governing apparatus.
First part. The problem of designing sup-
ports competent to take stresses of many tons
and yet to maintain good insylation is one of

| where the rope bears upon them.

Fig. 29 shows’

"(Nomodel.) Patented in England September 23, 1882, No, 4,518,

considerable difficulty, and the first part of
my inventionrelates tothe means to be adopted
for securing this end.
insulators, which I will term the ¢ abutment-
insulator’’ and the ‘“‘rocking insulator.”’
abutment-insulator is employed wherever
there is discontinnity of stress in the strained
rope or rod. The rocking insulator is em-
ployed when the successive spans of rope or
rod areso joined that the stress from one span
is continued to the next.’

In Fig. 1, (comprising 1%, 1", and 1°,)) 1 is a
post firmly fixed in the ground. 2 is a cross-
head on the top of the post. 3 3 are pins at
the ends of the cross-head, which attach to it
the saddle-pieces 4 4. The saddle-pieces are
able to rock on the pins 3 3, t.o accommodate
themselves to the strains. 5 and 6 are two
legs of a piece which forms Lhe TOpe-support.
ThlS piece is securely bolted to the saddle
4, and each saddle, as will be seen, carries a
rope-support upon each of its ends. 7 is an
insulating-cap, of vulcanite or earthenware,
fixed onto the rope- support by means of ce-
ment. 8 is a cast-iron bonnet fixed upon
the cap 7. The wire rope or bar9, on which
the vehicles run, is laid in a groove passing
along the top and down the b‘lclx of the bon-
net, where it is clipped and secarely held.
The bonnets 8 also serve as horn-pieces to
ease the passage of the vehicle onto and from
the rope, and are suitably curved to this end
They are
also curved, as seen in plan, when a change of
direction is leqmred 10 is a short lenfrbh of
rail placed in the interval between the ropes
at the two ends of the saddle. It is carried
by the metal stems 11 11, fixed in the saddle.
12 12 are earthenware insulators on the pins
11. On the top of the insulators metal caps
13 are secured, and to the caps the rails 10
are fixed. TEach main insulator, composed of
the parts 5, 6, 7, and 8, takes the whole stress
of therope. The peculiarities of the insulator
are the employment of a tension member, 6,
and a compression member, 5, with feet spread
a considerable distance apmt the arrange-
ment of these members so that their axis in-
terseets at the point 14 in or near the line of

50
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therope; the narrow insulating-cap 7, embrac- |
ing those members; the metallic cover or bon-

net 8, which at the same time forms the horn-

piece supporting the rope, and is curved in

one or in two planes as the line is straight or

curved. In the drawings the two abutment-

insulators are shown as fixed toa saddle rock-

ing on the pin 3, but the abutment-insulators

may be attached to a rigid support.

Fig. 2 shows one form of rocking insulator
which may conveniently be employed to sup-
porttherod orrope 9 in some parts of the line
where electrical continuity is desired. The
rope is here shown continuous, but the same
form of insulator is applicable when the two
seciions of the rope are more or less perfectly
insulated from one another, as will be presently
deseribed. In Fig. 2 the rocking pin 15 is
itself insulated by the cap 16, and the horn-
piece 17, curved in one or two planes, rockson
this pin. 'With this insulator a small ecross
strain will come on the supporting-pillar 18
when the span on one side is loaded and the
other span unloaded. The supporting-pillar
18 is intended to befixed by its foot upon a post
and cross-head similar to the parts 1 and 2 in
Fig. 1. )

Fig. 3 shows another modification which
may replace the arrangement shown by Fig.
2. In Fig. 3 the rocking pin 19 is not insu-
lated, but supports the pillar 20, which in its
turn supports the insulating-cap 21. This
cap supports the metallic cap 22, the horn-
piece being curved in one or in two planes.

Ashas been already pointed out, the 1me-
chanical continuity of theropeshown in Figs,
2 and 3 does not imply electrieal continuity,
and in Fig. 4 the last-deseribed insulator iz
shown in combination with the electrical insu-
lation. of the section 23 from the section 24.
The horn-piece 25 now acis on a stretcher or
connecting-link between 23 and 24, which are
insulated by rings 26 and 27. The insulation
of 23 from 24 is of a much lower order than
the insunlation of the rope as a whole, all
that is required being that a sufficient re-
sistance should be interposed between them
to send the bulk of the current through the
motor when the switch used in my series sys-.
tem breaks the metallic contact between 23
and 24.  The arrangements in connection with
this switch are fully deseribed in the specifi-
cation of my United States of America Patent
No. 305,194, dated September 16, 1884, and.
need not now be repeated.

Fig. 5shows another form of abutment-insu-
lator. 28 is a steel pin inside an insulating-
cup, 29, onto which the metal horn-plate 30
fits. This horn-plate is also supported by a
metal pin, 31, inside an insulating-cup, 32.
The pin 28 is fixed into the abutment 33 on the
rocking piece 34. This rocking piece also
carries the pin 31, and is itself sapported by
a post and cross-head in the manner deseribed
in respeet to Fig. 1. The shearing stress is

taken by the abutment 33. This abutment

_between the ends of the wire.

acts also as a tension member, with 31 as the

compression member of the cantilever resist-
ing the couple due to the strain on the rope
and the resistance of the rocking piece 34. By
making the pin 28 strong enough the parts
31 and 32 may be dispensed with. By an
obvious inversion the pin and cap may be
turned round on the piece. This is a strong,
compact, and low form of abutment-insulator.
‘When wire ropes are employed as the insu-
lated conductor, I employ sometimes another
special form of insulator capable of resisting a
great strain, and also of allowing the ropes to
rock onthe point of support, and so relievethe
supports from inconvenient strain. The ends
of the wire ropes are secured in bent wrought-
iron pieces clipped to a cirenlar insulator free
to rotate round a center pin.

Fig. 6 is a side élevation, Fig. 7 a plan, and
Fig. 8 a vertical cross-section, through the
center of the insulator.

Theinsulator consists of the following parts:
3535 are horns of metal,receiving the wire rope
in a shallow groove on the upper side. They
arebent at 35~ round the main insulating-piece
36, and are again bent back at 35%*. The rope
passes between 35 and 36, and is also bent back
at 35%%, where it can besecured by being lashed
to the horns. The horns can also be bent, -as
showninplan,when the post stands at an angle.
The two horns are clipped together by straps
37,which are insulated from them by insulat-
ing packing-pieces. A pieceofmetal, 38, fixed
in the main insulator, helps to bridge the gap
The main in-
sulating-piece 36 is carried by a pin, 39, which
is supported by afork,40. The surface of the
main insulator near the pin is shielded from
the wet by the outer pieces, 36*. The form
of the piece 36 itself, as shown by the lines
(marked 36°,) inthesideelevation, contributes
tothis result.. Therocking actiononthe pin39
prevents unduestrain from coming on the sup-
port40. Theumbrellashape of insulator over

the pin insures good insulation for the whole:

system from the earth, the resistance across
the packing-pieces being sufficient for my pur-
pose, and the mode of securing the rope is one
which is not likely to cripple it. The main
insulation of the system from the earth is, it
will be seen, very completely provided for.
The support is only connected with the con-
ducting-rope by insulated material,which from
its form is effectually sheltered from rain.
The insulation of one section of conducting-
rope from-another is less perfect, as it is de-
pendent on insnlating material which is not
sheltéred from rain; but no loss results from
such leakage as islikely to occur from section
to section. .

In Figs. 9 and 9* a special and suitable
bucket-carriage is shown. The weight is dis-
tributed between one leading-roller, 41, with
flanges, and two guiding-rollers, 42 43, with
inclined axes, the greater part being by pref-
erence thrown on the roller 41. In this car-
riage fore-and-aft swinging is prevented, the
guiding is effected by an arrangement causing
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less friction than the ordinary V-pulley, and | leys,57 will drive 58, and thus 56 and 62. The

the risk of leaving the rails is diminished.

I do not limit myself to nor do T claim this
form of carriage, but deseribe it a$ an im-
provement on the ordinary form.

Second part. A suitable locomotive is an
essential feature in any telpher system, and
the especial object aimed at in the present Im-
provement is the diminution of frietion both
in the arrangements by which the rope or rail
are gripped and the gearing by which the
driving-wheels are connected with the motor.
A suitable locomotiveis shown in Tigs. 10, 11,
and 12. Tig. 10is a view in vertical cross-
section in a plane perpendicular to the rope.
11 is a side elevation, 12a plan. -44 shows the
motor with its center of gravity under the rope
9. This motor 44, by what I will call ¢ right-
angle nest-gearing,’’ drives the wheel 45. This
wheel, by right-angle nest-gearing, drives the
pulleys 46 and 47, which grip the rope and
propel the train, The gripping action is pe-
culiar and novel, being designed to avoid all
nnnecessary friction. Two rollers or pulleys,
48 49, whieh revolve together, press against
the periphery of 46 and 47, being pressed to-
gether by the spring 50. The roller 48 slides
on a feather longitudinally, while the pulleys
46 and 47 are so hung that they can approach
and grip the rope. The force of the spring 50
causes no pressure on any of the four axles.
The action by which.44 drives 45 is similar.
The axes of 51 and 52, like those of 46 and 47,
are kept in a line parallel to that of the driv-
ing-axes, but are free to approach and nip the
rim of 45. The inclination of 44 is not essen-
tial. Ifit were horizontal, the rollers 51 and
52 should have curved rims and bear at a
point. The weight of the locomotive is taken
by two flat rollers, 53 and b4, into a short
wheel-base.

The merits of the special locomotive are,
first, the frictionless nipping; second, the
frictionless gearing; third, the facilities given
for turning; fourth, the spring arrangement
by which small variations in the width of the

roads would not injure the parts; fifth, the

perfect action, no matter what the swing may
be; sixth, prevention of the fore-and-aft swing;
seventh, the guiding which the nip gives with
no flanges; eighth, the facility for the adjust-
ment of the position of the center of gravity.
Habitually 53 and 54 would be insulated.
Two other varieties of locomotives areshown
diagrammatically in Figs.18', 13" and Figs. 14,
14*, The gripping arrangements are those
already described. The motor 55 is placed
vertically. The motor drives the pulley 56
by a special gearing, which I call ‘‘concentric
nest-gearing.”’” The small pulley 57, fast on
the motor-shaft, is pinched between a large
ring, 58, fast on the shaft of 56, and a loose
pulley, 59. This loose pulley is held up by
58 and & pair of pulleys, 60 and 61. These

pulleys run in suitable bearings. It will be

seen that if sufficient pressure is in any way
caused between the peripheries of these pul-

-ductorwhich is alongside if,

necessary pressure may be given in various
ways. Thatwhich I prefer isto put59slightly
eccentrically to 58 and provide means for vary-
ing the triangle made by the centers of 60, 61,
and 57, so as to grip the loose pulley 59 by
abutting .against 58. The centers of 60 61
should be free to move in and out from the
center of 58, 50 that the pressuire on their rims
shall produce no pressure on their bearings.
In Fig. 14 a somewhat similar concentric nest-
gearing is shown; but in this case the outer
ring, 63, is theloosering. 64,57,60,and 61 are
supported. The second form is suited for
more rapid running. It is obvious that the
gearing herein deseribed may be advantage-
ously employed in any class of machine in
place of spur and bevel wheels. The nest
prineiple,by which pressure between the pitch
surfaces does not cause pressure on the axes,
may be applied with many obvious modifica-
tions. Thewheels may be tightened by being
coned; and Fig. 16 shows how the pitch surfaces
must be arranged for a still greater multiplica-
tion. 65 is the motor driving 66 and 67. 65
is the nest-ring.which is best made double, so
as to embrace 66* and 67* on both sides.
Third. As to the means for securing a defi-
niteminimuminterval. Ineffecting the trans-
port of goods or passengers along rails or ropes
by the aid of electricity it is desirable auto-
matieally to regulate the distance belween
successive trains or single vehicles, and this
distance may frequently be mueh smaller than
would be allowable in the case of trains or
vehicles driven by steam. Methods have been
proposed in the specification of my former
United States patent,hereinbefore referred to,
by which the minimum distance is determined
by automatic blocking; but these methods re-
quire that some form of key or electrical switch
should be fixed at frequent intervals along the
line. The mechanism of theseelectrical switch-
es or keys is worked partly by the direct me-
chanical action of a passing train and partly
by electrical devices. The following methods
of determining a minimum space interval be-
tween trains or single vehicles require no
special keys, switches, or other moving parts

fixed on the line, and will be specially advan-.

tageous when the interval between trains or
vehieles is to be small,inasmuch as they avoid
the multiplication of delicate and complex
pieces of apparatus requiring frequent in-
spection. 1 secure the desired block or mini-
mum interval by fixing a series of detached
insulated wires or other conductors along-
side the main conductor. . These wires or
condactors I will cail the ‘‘block-wires,”
In the simplest arrangement these wires are
each of the same length as the sections into
which the main conductor is divided, and they
begin and end at the breaks in the main con-
ductor. A rubber is provided at each end of
the train,placing each block-wire temporarily
in econnection with that part of the main con-
The connection
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at the leading end of the train will be called | wire behind the section it is intended to pro-

the ““leading cross-connection.’”” The connee-
tion at the trailing end of the train will be
called the ““trailing cross-connection.” The
trailing cross-connection is a simple wire or
other conductor. The leading cross-connec-
tion includes the coil of an electro-magnet, the

. armature of which is held down when a cur-
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35
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50
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rent passes and is released when no current
flows. I will eall this electro-magnet the
“block electro-magnet.”” The movement of
the armature, when a current passes, is made
to arrest the train. 'This may be done in va-
rious well-known ways-—for instance, mechan-
ically by allowing a break to act, or electri-
cally, as by cutting out the electric motor on
the train, as by short-circuiting this electric
motor. These or any other desirable elec-
trical or mechaniecal actions may be produced
directly, or they may be produced indirectly
by the help of a relay. So long as only one

train is on a given section the block electro-

magnet is inoperative; but if the leading end
of a train enters on a section still occupied by
the trailing end of a preceding train a derived
current will flow through the trailing cross-
connection of the preceding train, the block-
wire, and the leading eross-connection of the
following train. The electro-magnet of the
following train will then aet to arrest that
train until the preceding train clears the block-
wire, and the following train will then be
driven,as before. Fig. 16 shows this method
of blocking. 69 70 71 72 are sections of the
main conductor, to be connected and discon-
nected by switches, as described'in my former
patent. 73 T4 75 76 arethe block-wires, each
of the same length as the sections into which
the main conductorisdivided. 77 and 78 are
two trains. 79 and 80 are the leading cross-
connections, and 8L and 82 are the trailing
cross-connections. In Fig. 16 the train 78 is
blocked by the action of a derived current
flowing from 71 through 80, 74, and 8§1. One

“mode 1n which the electro-magnet 83, which

then attracts its armature, may act to cut out
the motor 84 isshowndiagrammatically. The
armature of the magnet forms a switch, and
this in its movement diverts the main cur-

rent into a shunt, which enables it to flow .

along the train {rom section 71 of the line to
section 70 without traversing the motor. In
this simple form my invention isapplicable to
what I have called ¢‘telpherage’—i. e.,where

‘the line is intended to convey light vehicles

following each other in rapid succession. The
block-wires will check any train which tends
to gain on those which precede; but if by ac-
cident a train were to stop so thatits trailing-
wheel had only just entered upon a new sec-
tion,the following train might run into it, for
the second train experiences no check until
it enters on the section which is oceupied by
the trailing-wheel of the preceding train. In

; order to make the block act with a mini-

mum interval equal to that of one section
of the main conductor, I prolong each block-

tect and make each block - wire twice the
length of one section of the main conductor.
The half of each block-wire at which the train
first arrives I will call the ‘‘second half?”’ of
the block-wire. The other half of the wire T
will eall the ‘‘first half.”” The rubber of the
leading cross-connection puts the main con-
ductor into connection with the second half of
one block-wire. The rubber of the trailing
cross-connection puts the next section of the
main conductor into connection with the sec-
ond half of the next block-wire, and also with
the first half of a third block-wire. The block
electro-magnet is in the leading cross-connec-
tion. 'When a following train overtakes a pre-
ceding one so far as to enter on the section next
to that occupied by the trailing-wheel of the
preceding one, a derived current flows from
the main eonductor through the leading cross-
connection of the second train, a block-wire,
and the trailing cross-connection of the first
train back to the main condunctor. This cur-
rent will continue to flow if the second train
be forced forward into the same section of the
main conductor as is occupied by the trailing-
wheel of the first train, but the block-wire
employed will have changed.

Fig. 17 shows the arrangement by which the
block is made to act with a minimum interval
equal to the length of one section of the main
conductor. 69 70 71 72 are sections of the main
conductor. - 85 86 87 88 89 are block-wires,
which are twice the length of one section of
the main conduetors, and are arranged by
crossing, as shown in the diagram, to make
the connections with the leading and trailing
cross - connections 79 and 81, as described
above. The train following is blocked by a
derived earrent through 81, 87, and 80. The
same device may be employed to make the
minimum interval twice, three times, or n
times the length of each section of the main
conductor. For this purporse three, four, or
n-+1 block - wires will be required, respect-
ively. Similar arrangements are applicable
to blocking trains propelled on the parallel-
arc system. The block is independent of the
direction in which the preceding train has
been moving; but if the preceding train has
been moving back upon the following train,
although it will not stop any following train,
it will not itself be stopped. In telphérage
this backing is never required. A backing
train can be automatically prevented from
running back into a following one by arrang-
ing the mechanism.so that when any train
runs backward a block electro-magnet is au-
tomatically inserted in what is properly the
trailing cross-connection. One mode of ef-
fecting this automatic insertion would be to
have two frictionally-geared wheels, as shown
in Iig. 18, lightly pressed together. Wheel
90 is driven by the motion of the train, so that
its motion is reversed when the train backs.
The wheel 91 has a contact-piece, 92, by which
the block electro-magnet 93 is cut out or put
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in. The friction lifts the econtact-piece during
forward motion, but depresses it when the
train is reversed.

The parallel-arc system may be worked with
arrangements similar to those which I have
described in respect to the seriessystem. The
leading wheels of the train being on a section
of the line which is at one electrical potential

" and the hinder wheels on another section,
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which is at another potential, while a con-
ductor on the train itself;including the motor
by which the train is propelled, forms a con-
nection between the two. For this purpose a
continnous rope or rod constitutes both the
road or way and the main conductor, and this
rope or rod is made to cross alternately from
the up to the down and from the down to the
up sides, so that when the conductor charged
positively is on the up side the conductor
charged negatively is on the down side, and
vice versa. The up and down lines are then
divided into equal-length sections, as in the
series system, and the train is of the length of
one section, or nearly so. Theleading end of
the train is, say, on a positive section and the
trailingend onanegativesection. Iig.19shows
this special arrangement of conductors by
which the parallel-arc system may be worked
with asinglerope or rail for up trainsand asin-
gleropeor railfor down trains. Two continuous
conductors insulated from one another and
maintained at different potentials by a dynamo
are divided into equal lengths, 9 95 96 97
and 98 99 100 101. Suppose that 94 95 96 97,
&e., form a single road along which a train
having a row of single wheels can run, and 98
99 100 101, &e., form a second similar road.
The electrical cross-connections which canse
94, 100, 96,and 98 tobe a continuous conductor,
and 101, 95,99, and 97 to be a continuouscon-
ductor, are shown by dotted lines. These
condnctors may be ropes or their equivalent
supported by brackets and insulators on each
side of posts placed at 102103104 105. At
106 is the generating dynamo - electric ma-
chine, and the ¢ircuit is closed at the farther
end of the system. It is now clear thab- if
trains similar to those already described are
placed on these roads they will be driven by
currents flowing through the rubbers,and mo-
tion from one section to the next, as from 97
to 96, or from 100 to 99 will result, and one
rope can be used as an up line and the other
as a down line. By preference Iplace a piece
of solid insulated material to carry the weight
of the wheels at the gaps, so that the wheels
in passing shall notshort-circuit the conduct-
ors; but the same changes may be provided
againstin several obvious ways, as by insulat-
ing the wheels and lifting the rubbers by a
cam at the moment of passing the gaps. "By
this plan of driving I combine the advantage
derived from the use of the single rope orrail
with the advantage resulting from the absence
of all switches or keys.

T will now proceed to describe details in re-
spect to the arrangement of the block-wires

(A

and the contact-makers working with the same
by which collision between the trains is anto-
matically prevented. TFig. 20 is a side eleva-
tion. Fig. 21 is an end elevation, and Fig. 22
is a plan showing a convenient method of
mounting these block-wires. 107 107 are metal
supports fixed by the side of the line. It may
be on posts or brackets in any convenient po-
sition. Each support 107 carries six vertical
pins, 108, and on the pins insulators 109, of
pottery-ware, are fixed. The heads of the in-
sulators are eylindrieal, and they receive metal
caps 110. To four of these caps the block-
wires 111, which are strained between the sup-
portlike ordinary telegraph-wires,aresecurely
attached. As the drawings show, the wire is
led down over the curved head of the cap 110,
and is twisted and securely fixed arvound the
body. 112 is a eross-connection coupling two
of the wires. The other two terminate at the
support. 113arebearers for the contact-maker
or circuit-closer, hereinafter described, to lead
it without concussion from wire to wire. The
circuit-closer takes the form of a carriage. It
is shown by the figures following: Fig. 23 is a

side elevation. Tig. 24 is an end elevation, -

partly in section, and Fig. 25 is a plan. 114,
Tigs. 23 to 25, are metal frames. They are con-
nected by the eross-bars 114*and are provided
with metal wheels 115. The wheels 115 run
on the block-wires 116, and the carriage serves
electrically to connect the wires on which it
stands. 117 are side rollers, to prevent the
carriage running off the wires. A light rod
(not shown in the drawings) forms the connec-
tion between the carriage and the traindrawn
by the electric motor. The carriage described
so far connects together the parallel wires on
which it stands, which, as already known, is
what is desired in one of the connections.
(See Tig. 17.) When the carriage is used on

a system such as shown in Fig. 16, the wheels-

on one side will run on the block-wires and

those on the other side on the main conductor. -

I now pass to the explanation of the means
which I employ for the regulation of the speed
at which the train when unchecked is pro-
pelled, or more generally for the regulation
of the speed of machinery driven electrical-
ly. My object is to provide means by which
the speed of trains propelled as hereinbefore
described, or of any machine or part of a
machine driven by an electrical current, may
be maintained constant or adjusted independ-
ently of variations in the resistance to be over-
come, or in the source from which the electrical
energy is derived, or in the circuit, or in the
number of machines to be driven by that eir-
cuit. I have already described some modes
of obtaining this result in my former patent;
but I obtain the same result without the use
of relay or electric motor in the following way:
Tgear three wheels, as illustrated by Fig. 26,1n
such a manner that the first drives the second,
and if the axis of the second remains station-
ary the second drives the third. If; however,
the motion of the third is resisted by a forceex-
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ceeding a given adjustable amount, the third
wheel remains at rest, and the axis of the sec-
ond wheel is displaced. The arrangement is

-sometimes called ‘‘differential gearing.” 1T

connect the third wheel with some resist-
ance--such as that due to a fan or centrifugal
brake, a pendulum, or the flow of water
through an orifice—such that this resistance

increases with the speed at which the machine

10 to be governed is running. I oppose another
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resistance, which may be constant, or nearly -

50, to the motion of the axis of the second
wheel, and to this I attach the make-and-
break piece or commutator or other means of
controlling the electrical current supplied to
the motor insuch a way thatso long as the axis
of the second wheel remains at rest the full
driving-current passes through the motor; but
when with the increase of speed the resistance
to the motion of the third wheel increases and
the axis of the second wheel moves, this mo-
tion breaks the circuit or reverses the con-
nection or moves the breaks or short-circuits
the motor or throws in resistance. In fine,
the motion of the axis of the second wheel is
used to effect any desirable change in theelec-
trical connections., When the speed has fallen
so low that the resistance to the motion of the
third wheel has again fallen to the normal
amount, the axis of the second wheel returns
to its old position, undoing the change pre-
viously made. This is effected by using a
spring or weight to resist the motion of the
axis of the second wheel. The axis of the sec-
ond wheel moves between two fixed stops,
which may be put far apart, in order toavoid
continual interference with the circuit when
running at nearly the normal speed. The
make-and-break piece attached to the axis of
the second wheel may be so arranged.as only
to alter the circuit when near to two ends of
its travel.

Fig. 26 illustrates diagrammatically the ar-
rangements described above. Let 118 and 120
be the pitch-lines of two wheels,both the exter-
nal and internal wheelsgearing into pinion119.
118 and the 120 are concentrie, but not on
same shaft, or one loose on the shaft 119 is
centered on the arm 121, which is pulled
against a stop by a spring, 122. 118isdriven
by the motor to be controlled. 120is resisted
by any resistance which increases with the
speed—as by a fan,centrifugal arrangement,or
water-governor. In the drawings I have
shown a fan, X, on the shaft of a wheel or
roller, x, that bears against the periphery of
the wheel 120 and is driven thereby. The
resistance afforded by the fan increases with
thespeed of the wheels120 and «. Ata certain
speed the arm 121 will begin to rotate round
the center, and will work a make-and-break
piece, 123, or a commutator, 124, or any other
electrical device. The make-and-break piece
123 may have a slot in it, sothat the pin indi-
cated only moves it to or fro when the arm 121

'is near the end of its travel. The circuit is

R

through 121 123 and the right-hand stop tothe
motor.

It is generally desirable that the change of
mechanical resistance to the motion of 120
should change largely with a small change of
speed at the critical point, and one simple
mode of effecting this change is by making
120 drive a brake-governor, known as ‘‘Sir
William Thomson’s,”” in which a revolving
weight is habitually clear of an external rim,
but at a given speed overcomes the resistance
of a spring so far as to come in contact with
this rim, and, as it were, put on a brake by
means of the friction it creates. To control
the speed of trains on my system the governor
is carried on the train and regulates the flow
of the current to the motor, and, if necessary,
also to an electric brake. In the form of
governor last described the effect produced
by the governor is undone when the speed of
the machine falls back to the normal desired
speed or a little below it, but cases arise in
whieb this is undesirable, as some permanent

‘change may occur in the driving-current or

in the mechanical resistance to the driven
electric motor—as when the gradient of a rail-
way or telpherage line changes—and this ren-
ders a permanent readjunstment of the electri-
cal mechanism desirable. This desirable ob-
jeet may to a certain extent be carried out by
the simple slot arrangement described above
and applied to any centrifugal governor; but
I cause a governor to effect this antomatically
with great accuracy in the following way: I
arrange a train of wheels in the manner illus-
trated by Fig. 27 in such manner that 125
drives 126 and 126 drives 127, or, vice versa,
127 may drive 126 and 126 will then drive 125.
‘When 126 is turned in one direction, it pro-
duces an electrical change tending to increase
the speed of the motor. - When 126 is turned
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in the reversedirection, this change is undone. .

I so arrange a centrifugal governor that when -

the speed is below a certain point an arm
presses against a smooth pulley or surface
connected with 125 and so drives 126 in one
direction. 'When the speed is above a cer-
tain point, the same or another arm presses
against a smooth pulley or surface connected
with 127 and drives 126 in the opposite di-
rection; but when the speed is intermediate
between the two limits the arm or arms are
clear of 1256 and 127 and 126 is left at rest.
126 may then be employed to shunt or cut out
a motor, to throw in or out electrical resist-
ance, or to adjust brushes, or to adjust an elec-
tric field, to apply a mechanical or electrical
brake, or, in fine, to produce any change, me-
chanical or electrical, which regulates the
speed. In this manner a permanent change
may be effected which will not be undone
when the motor is brought back to the de-
sired speed. The change may, if desired, be
effected in the driving-dynamo, instead ot in
the receiving-motor, or in both. I prefer to
use this governor as follows: [ connect me-
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chanically a regulating drum or disk with the
machine to be controlled. This drum or disk
is divided into two parts, insulated from each

other. A rubber pressing against the drum
or disk alternately makes one of two connec-
tions. 'When oneis made, the motor isdriven

by the enrrent, but when the other is made the
current is diverted or interrupted so as not to
drive the motor.  The relative length of the
driving and non-driving conneection depends
on the position of the rubber relatively to the
drum, and this position is shifted in the way
above described by the wheels 125, 126,and 127,
One form of this governor is shown in Fig. 27.
The rubbing-pieces 128 of the ‘balanced cen-
trifugal governor 129 bear against the smooth
surfaces 130 or 131 as the speed is above or
below that required. When the speed is ex-
actly right, these rubbing-pieces run clear.
In that case the wheels are all at rest. If the
speed is excessive, the wheel 126 is worked by
127. If thespeed isinsufficient, the wheel 126
is worked by 125. The shaft of 126 has a
screw, by which a nut, 132, is worked back-
ward or forward, and is used to produce the
desired change. One mode of making the de-
sired change—namely, that which I prefer—is
shown diagrammatically in the same figure.
The insulated brush 133, actuated by 132, rubs
on the insulated pieces of a cylinder, 134 and
135, as shown. 134 is insulated and 135 is by

* another rubber, 136, connected with one ter-
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minal of a motor, 137. The other terminal of
the motor is joined to the generating-dynamo
138.
the manner hereinbefore described, the dyna-
mo 138 being at a station on the line. The
other pole of the dynamo 138 is connected with
133. If at one end of the eylinder the piece
135 goes all round, and at the other end the
piece 134 goes all round and at intermediate
points, the proportions between 134 and 135
gradaally vary. The time during which the
current is admitted to the motor will depend
on the position of the brash 133, which is de-
termined by the governor. The connections
for 134 135 could easily be varied to suit other
arrangements, in which an absolute brake
might not be desirable. This system of cut-
ting off the current for a fraction of each revo-
lation is not new, but the mode of working it
so that the cut-off shall be undisturbed so long
as thespeed remains constant, but may be per-
manently varied by a temporary change of
speed, so as to be different at different times,
although the speed may be the same, is new.
With this arrangement, if the resistance to
the motion of the motor decreased tenfold be-
low the maximum which the motion could
overcome when the current was on continn-
ally, a slight increase of speed would screw
132 along until the current was cut off for
about nine-tenths of each revolution. When
the speed had fallen to the desired amount, in
counsequence of the withdrawal of the current,
the brush 133 would be left in its new position

This, in case of a train, is effected in

-as to release the cross-head 143.

and the machinery would run at the oldspeed,
notwithstanding the great alteration in the
conditions.

Another arrangement of the governor by
which the desired permanent change can be
made isshown in Fig. 28. A known mechan-
ical egynivalent is substituted for the three
wheels 125 126 127. In this arrangement 125
and 127 form part of one piece, which is ca-
pable of small motion along the shaft under
the influence of a balanced governor. When
the speed is excessive, the smooth surface of
125 drives 126. When the speed is deficient,

" the smooth surface of 127 drives 126 in the op-

posite direction, and when the speed is right
both smooth surfaces are clear, and 126 is at
rest, In the limiting or extreme position the
nut 132 might be employed to put on a me-
chanieal or electrical brake—as by making con-
tact with the stop 139—and this governor can
in this way be employed to put a brake ona
train if it continue to run too fast, even affer

- the whole eleetric current has been cut off.

This effect would, however, be produced in-
stantly, or aimost instantly, atter the caurrent
had all been withdrawn.

In order more effectually to guard trains or
vehicles from being overtaken by those which
follow, I provide apparatus by aid of which a
mechanical or electrieal brake is set in oper-
ation to arrest a train whenever the time dur-
ing which the motor of this train has been de-
prived of the driving-current by any of the
means described exceeds a definite length.
The brake is at once removed when the driv-
ing-current begins to circulate. The effect of
this arrangement is that when the block or
governor acts merely to control the speed no
power is wasted in unnecessarily resisting the
motion of the train; but if this train runs
past the block for more than a definite num-
ber of seconds, so as to be in danger of over-
taking the preceding train or running too
fast, then the motion of the train is checked,
not only by the withdrawal of motive power,
but by the action of a brake. A mode of car-
rying ont this arrangement is shown in Fig.
29. Let the piece 140 be actuated by the gov-
ernor so as to move downward when the speed
increases. -When this motion has reached the
limit at which the speed can be controlled, as
already described, by eutting off the current
entirely a wedge, 141, actuates a catch, 142, so
This cross-
head is pulled downward by springs 144, and
its motion is resisted by a dash-pot, 145, or
other contrivance, delaying the motion for the
desired time. After the lapse of this time the
cross-head 143 will fall down and make con-
tact at 146, so as to apply an electrical brake.
The time between the release of the catch and
the arrival of 143 at its limiting position may
be, for instance, thirty seconds, yet when the
speed falls the stop 141, attached to 140, will,
as soon as 140 begins to move back again,
break the contact at 146, and so take off the
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electrical brake. As 140 risesit will again seb
the catch 142. The contact at 146 may be
employed in many obvious ways to arrest the
train, and, indeed, the mere mechanical press-
ure of the springs 144 on a quick - running
wheel, instead of 146, would in most cases be
a sufficient brake. The dash-pot 145 should
not resist the upward mevement of 143. If
a fan were employed instead of the dash-pot,
it should be driven by the descent of 143 and
not by its ascent. Tf the part 132 of Fig. 28
be connected with and moved by the part 140
of Tig. 29, then the action will be that the
current will be cut off from the motor by the
apparatus, Fig. 28, and. then, after an inter-
val, if’ the speed does not decrease, the brake
will be applied by the apparatus, Fig. 29.

Having thus described the nature of my
said invention and the manner of performing
the same, T would have it understood that T
claim—

1. The combination of a conductor and an
abutment - insulator consisting of the combi-
nation of two distinet members, one of which
serves to sustain the insulator against the ten-
sion or strain of the conductor, and the other
to strengthen or support the insulator against
compression.

2. The combination, in an abutment-insu-
lator, of a metal support having tension and
compression members, a metal cap for the
attachment of the conducting rope or rod, and
insulating material interposed between such
support and cap, substantially as described.

3. The combination of a conducting - rope,
metal cap and insulating-cup, and a roeking
support, snbstantially as described.

4. The combination, substantially as set
forth, of a conductor and the insnlator con-
sisting of the combination of the stem or sup-
port, the metal cap having horn-pieces, to
which the conductor is attached, and the in-
sulating material interposed between the cap
and its support.

5. The combination, in an insulator carry-
ing an insulated rope or rod npon which vehi-
cles can run, of an insulating-block capable
of rocking about a pin or axis connecting it
with a support, suchblock having horn-pieces
clamped around it, and conducting ropes or
rods carried on the horn-pieces, substantially
as described.

6. The combination, substantially as set
forth, of the laterally-curved horn-piece and-
the insulator on which it is mounted.

7. Inan electric locomotive, rollers nipped
together and driven by disksor pulleys upon
a rotating axis, and embracing between them
a continnous rope or rod, along which the lo-
comotive is thus caused to travel, substantially
as described.

8. The combination, substantially as set
forth, of the locomotive, the driving-roller on
its main shaft or axle, the motor, and the pair
of rollers, driven by the motor, that nip the
rim of the driving-roller hetween them.

9. The combination for arresting the pro-
gress of a following train, consisting of block-
wires divided intosections, instruments on the
train making contact with these wires and
closing a circuit through them when two trains
reach the same section, and an electrie-circuit

changer diverting the propelling-current from"

the motor of the following train when a cur-
rent passes by the block-wire, substantially
as described.

10. The combination of a train propelled
by an electric eurrent, of leading and trail-
ing connectors on the train making contact
with a block - wire divided into sections,
and devices on the train which throw its mo-
tor out of circuit when the current is received
by the leading connector, the block-wire, and
the trailing-connector of the preceding train,
substantially as described. .

11. The combination of a train propelled
by an electrie current, block-wires divided in-
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to sections, instruments carried with the train -

and making contact with the said wires, and
devices on the train diverting the propelling-
current from the motor of the following train
when two trains are eclectrically connected
by a section of the block-wire, substantially
as described.

12. The combination of a train propelled by
an electric current, block-wires divided into
sections, instruments carried with the train
and making contact with the said wires and
devices on the train, which, when two trains
are electrically connected by a section of the
block-wire and the leading train is backing
toward the following train, divert the propel-
ling-current from the motor of the leading
train, substantially as deseribed.

13. In a parallel-are-railway system, the di-
rect and return limbs of the cirenit divided

| into sections approximately equal in length to

the length of the train used, and having cross-
connections between the forward end of one
section and the opposite end of the next sec-
tion, in combination with the train and its
propelling electric motor, whereby the oppo-
site ends of the train and terminals of the mo-
tor are maintained on sections of opposite
polarity. ' :

14. 'The combination, in an electric motor-
governor, of a centrifugal apparatus driven by
the motor, smooth rotating surfaces actuated
thereby, a smooth wheel or wheels which are
turned in one direction or the other by the
smooth rotating surfaces actuated by the gov-
ernor, and a contact-maker which is moved
by said wheel or wheels, substantially as de-
seribed.

FLEEMING JENKIN.

Witnesses:
J. 'WarT,
JOHN DEAN, _
Bothof 17 Gracechurch St., London.
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