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To all whom it may concern:
Be 1t known that I, MEINOLPH BODEFELD, a
resident of St. Lonis, in the State of Missouri,

have invented certain new and useful Im- |

provements in Puneumatic-Railway Systems;

~and I do hereby declare the following to be a

full, clear, and exact description of the inven-
11011, such as will enable others skilled in the
art to which 1t appertains to make and use
the same.

My invention relates to an improvement in
pneumatic railways, the object being to pro-
vide simple and efficient devices that will co-
act to move cars in either direction on suita-
ble tracks by the propelling-power of a par-
tial vacuam or the projecting force of COM-
pressed air.

With these objects in view my invention
consists in the construction and combination
of parts, as will be hereinafter described, and
pointed out in the claims.

Referring to the drawings, Figure 1 1s a
transverse section of a road-hed with the con-

duit-tube and other parts of the propelling

mechanism in position; also a drain-pipe be-
low the conduit-tube. Fig. 2 18 a side eleva-
tion, in section, of the COlldult tube, drain-

-pipe; and parts 1n connection with the tube

and pipe. Fig. 318 an enlarged transverse
section - of a portion of the conduit-tube and
attachments that adapt said tube for service
when the motive force 18 afforded by a par-
tial vacuum established in the conduit-tube.
Fig. 4 is an enlarged cross-section of a con-
duit-tube that is provided with appliances
for propelling cars by compressed air. Fig.
5 is a cross-section of the connecting-arm that
moves the car by its attachment to 1t and a
propelling device located in the conduit-tube,
which device receives its impetus from press-
nre of compressed air or the draft force of a
partial exhaustion of normal air-pressure on
one end of the same. Fig. 6 1s a diagram of
two conduit-tubes that are arranged parallel
to each other, said view being partially in
plan and also in elevation, the pair of tubes
being connected and adapted to move cars on
two tracks in opposite directions by the force
of air-pressure. Fig. 7 represents two conduit-
tubes that are arranged to operate cars on two
tracks in opposite directions by the induced
forece resulting from air-exhaustion in the

w1

| condulit-tubes.

length,

as will be described in proper order.
~metal conduit-tube A should be true on its
interior surface, and is slotted through the
body on its top side from end to end of asec-
fion.
be located beneath the road-bed in a vaultor
sub-chamber, there 18 a suitable bed pro-

ment with the track-rails B~
sists of transverse ties A’ or wooden timbers,

- | ——— ——

conduit-tube, showing a valve and 1ts means
of pivotal attaehment
It should be stated that this saystem of rail-

ways is designed mairly for use in the pro-

pulsion of Street—-cm*s, two tracks being located
parallel to each other in sections of proper
at stations where the

terminating
power is produced. Cars are intended to
move upon the track in any suitable number
proportioned to the power employ ed, the di1-
rection of travel of said cars being opposite
on the two adjacent track-lines. AS the ap-
purtenances for moving cars are alike on each
parallel track-line ot the system, a deqcrlp-

tion of those applied to one line will suffice

<for both, such parts as connect the two lines
to*‘rethel being also described.
A 161)168611Tb a metal conduit-pipe, which

extends continuously from end to end of a
section, and is made cylindrical 1n cross-sec-

‘tion, except at points near the end of the sec-
tu‘ms where variations therefrom are made,
The

As the conduit-tube A is intended to

vided for its support and retention in align-
This bed con-

which are properly bedded and spaced apart
to afford a substantial foundation for the con-
duit-tube A.

In order to support the conduit-tube A in
posmon there are annular ribs C, formed in

pairs on the outside of the tube, a proper
space intervening between the ribs of each
pair of ribs, for a purpose that will be ex-
plained, and each pair is located over one of

the transverse timbers or bed-pieces A’, so

that the flattened bases C’ of these &111111131*
ribs may be firmly attached to the bed-pleee%

by spikes or other similar means, as shown in
I‘lﬂ" 1.

Sumounding the conduit-tube A, and con-

~centrie with it, there is an enveloping case
or jacket D provided, that is of such diame-
ter relative to the conduit-tube and the ribs,
taken together, that it will have contact with

IFig. 8 i3 a cross-section of a
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surrounding earth which is filled in closely
againgt it. This jacket maybe made of wood
or metal. In line with and directly below
the conduit-tube A the drain-pipe D’ is situ-
ated, and may be made of any material that
will be durable, the preferred position being
such that proper-sized spaced openings 7 will
lie between the bed-timbers A’, so that the
dished depressions E’, made Dbetween the
lower edges of the jacket-plates D, will con-
vey all water that mayenter between the COT-
duit-tube A and jacket D into thedrain-pipe
D’ and thence to proper points of discharge.

Supported on the bed-timbers A’, near their
ends, 18 a series of upright columns of wood
or metal I3', sufficiently substantial to sup-
port the track-rails B? said rails being pref-
‘erably made of steel and heavy enough to dis-
pense with the usual string-timbers. The
columns B’, being spaced apart at a suitable
distance, afford the necessary foundation for
the track-rails. |

In order to secure the columns B’ in up-
right positions and prevent lateral displace-
ment, rods or braces B* are attached at one
end to the uprights and at their other ends to
the flanges C of the tube A.

As my system of construction for pneumatic
propulsion of street-railway cars contemplates
the employment of air-exhaustion, and also
alr-compression, by a slight change in con-
struction of parts, I will, to render the use of
these two means of propulsion plain, describe
each plan of construction separately. In the
employment of compressed air, which is in-
troduced into the conduit-tube A near one
end at z, as shown in Fig. 6, there is a pecu-
liar device provided to close the slot A2 of the
conduit-tube in a manner to permit an arm
which reaches down into the tube from a rail-
way-car to move along in the slot air-tight, or
nearly so, thus permitting a piston on the end
of the arm within the tube to transmit its pro-
gressive movement to the car, which device
will now be described. The edges of the con-
tinuous slot in conduit-tube A are rounded to
remove their sharp corners, as shown in IFig.
4, and on the outer surface of the tube, adja-
cent 1o the slot A% the gum-flaps g are placed,
these flaps being continuous throughout the
length of a tube-section, and projecting within
the slot, so as to bear against each other yield-
Ingly. Upon the gum-flaps @ bearing clamp-
plates b are superimposed, which plates are
secured-in place by set-bolts ¢’. Above the
slot A® and the gum-flaps @ just mentioned
there is a protecting slot-cover A% secured by
one of 1ts edges to the conduit-tube A. Said
slot-cover is made of stout elastic material,
preferably a compound of gum and textile
fabrie that will he durable to withstand ex-
posure to wear and the elements, and at the
same time yield to permit the arm G, attached
10 a car, to project through the slot A? into
the conduit-tube A, the cover A3 lifting up
and the gum-flaps o yielding as 1t moves along

the slot, and closing hermetically around its
body, the cover A® resuming position auto-
matically by reason of its weight and spring-
tension.” The arm G, which connects the car
with the piston, is of such thickness as to pass
freely through the slot A% and preferably of
the form in.cross-section shown in Fig. 5, hav-
ing flat side faces beveled at both ends to pro-
duce edges X. By this construction it will be
seen that as the arm G passes through the slot
A* of tube Athe parting of the flaps a will be
gradual as the arm advances, and that they

will gradually come together after said arm

passes, thus preventing any material escape
of air. The annular ribs C, formed on the
tube A, as previously stated, are cut apart on
the upper side, as shown in Fig. 1, immedi-

ately above the slot A?of the conduit-tube A,

the ribs having upwardly-flanged extensions
B® formed on them to afford a bearing for re-

| tention of the wearing-plates F' F’, which are

adapted to contract the upwardly-extended
throat a* between the flanges B3 and thus
produce a narrow slit in the road-bed, through
which the arm G may slide freely, these wear-
ing-plates being made of metal suitable for
their use. |

- It will be seen in Fig. 1 that the wear-plate
E7 on one side of the throat-slot formedin the

road-bed is wider than the parallel plate T,
and this wider plate is removable, which pro-
vision is made to permit the plates F’, that
are of convenient length, to be removed at
any point on the track-line to afford access to
the upper surface of the conduit-tubes A, so
that any repairs necessary may be made with
regard to the cover A® or flaps «a, located be-
low the wear-plates I F”.

It will be noticed in Fig. 2 that the car-pro-
pelling arm G is provided with flanges G’,
curved on their lower surfaces to have a bear-
ing on the tubular piston I, to which they are
fastened by bolts or other means. The tubu-

lar piston I is of such diameter relative to

the internal diameter of the conduit-tube A

that it may loosely slide therein, and to effect;

a. proper air-tight joint between said piston
and the cylindrical conduit-tube A packing-
rings J are seated in annular grooves cut in
the body of the piston near its ends. The
rings J are made semicircular, of metal, two
pairs being employed and located side by side
in the grooves, and so disposed therein that
they will break joints, and thus taken to-
gether form a continuous expansible ring af
cach end of the piston H. -

It 1s important that the sectional packing-
ringsJ should be held in place properly and af-
forded vertical spring movement, and to effeet

sald desideratum there are certain springap-

pliances located within the tubular piston,
the construction of which will be explained.
~As shown in Fig. 1, four eylindrieal spools

k are provided—one for each segment of the

packing-ring. Each spool %k is provided at its

inner end with an annular flange &’ and bears

A

loosely at its upper end against a disk %2,
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stud m, secured at one end to the spool k&, pro-
jects outwardly through perforations in the
disk /°® and piston H and secured at its outer
end to a segment of the packing-ring. A

spring m? is coiled about the spool k, bearing

al one end. against the flange &’ and at the
other end against the disk %% Thus it will
be seen that the spring m? will be normally
compressed and hold the packing-ring in po-
sitton.  Kach disk £* will preferably be pro-
vided near its periphery with a series of per-

forations, in which a series of rods or bolts A%

are secured, the opposite ends of said rods be-
Ing secured to a disk m’, thus forming a cage
for the spring m? and spool .

At proper points in the interior of the tubu-
lar piston, at equal distances from the open
ends of said piston, there are two disk-valves
1, pivoted at n to the body of the piston, s0 as
to permit them to vibrate or rock on these
journaled centers, the valves I having a bear-
ing-contact with the segmental ribs I/, that
are formed on the interior of the piston. The
valves I are intended to swing outwardly in
opposite directions, and thus afford a free
vent for air through the piston at times dur-
ing the operation of the system, as will be
further explained, and it is important that

there should be means provided for the man-

ual operation of the valves T to open or close
them. |

There is a vertical perforation made in the
body of the propelling-arm G entirely through
1t, and a shaft G? is inserted in said hole, its
lower end being stepped in a spindle-hox or
pivot-hole made for its reception in the body

of the piston H in alignment with the holein

the arm G, thus permitting the shaft to be
rotated by a hand-wheel G? placed on top of

the shaft G* which latter is extended within |

the car to render the operation of the hand.-
wheel convenient. Two lateral arms (* are
extended on opposite sides of the shaft G? at

a proper distance above the foot of the shaft,

and to the outer ends of said arms the con-
necting-rods K are loosely attached by their
inner ends, the opposite terminals of said
rods being shackled to the valves I, thus
adapting the shaft G* by its revoluble move-
ment to actuate the valves on their pivot-

There are
projecting bracket-arms I, formed on each
end of the tubular piston II, that extend in
advance of said ends to engage valves in the
conduit-tube A and open them, thus prevent-
ing an abrupt contact of the piston, as will

be more fully explained in the deseription of
sald conduit-valves. The conduit-tubes, which

are located in parallel planes below the road-
bed of a street-railway, and which are in-
tended to convey compressed air from a source
of supply near terminals of a section or en-

tire lines of the system, are furnished with

guard-valves M, which are inclined within

‘the tubular conduit, as shown in Fig. 6, the

arrangement of the same being such that

they may be opened by contact of either of

|||||

the bracket-arms L formed on the tubular
piston H when .said piston is introduced
within the end of the conduit-tube, and it
will be noticed that these outer guard-valves
M are located at opposite ends of the parallel
condult-tubes of a gection. Valves M are

from their upper edges, which tongues enter

the slots in the conduit-tubes and by abut-
ment against their walls close up the same

from escape of air. The endsof the conduit-

tubes A, where the valves M are located, are

provided with a flat bottom and parallel sides

that extend to about the center of the con-

duit-tube. Above the center said tube is
rounded to conform to the cylindrical shape
of the conduit proper, this form of construc-
tion being necessary to allow the valves M to

rock on the bearings of the cross-shaft o

3]
<

70

furnished with tongues or integral projections
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which support them; and to insure the proper

closure of these valves the shafts o are ex-
tended outside the conduit-tube, as shown for
valves N 1 Fig. 8, and have arms o’ affixed
at right angles to their bodies,to which arms
the graduated weights 0* are suspended,
which provision will effectually close the
valves when they are free to move on their
pivots. |

Adjacent to the guard-valves M, on the re-
ceiving ends of tubes A, other valves N are
pivoted within the tubes A, and it will be
noticed that a depending chamber O is formed
on the lower side of the conduit-tubes to af-

ford a cavity of proper form.to receive the.

lower half of the valves N, which are pivoted

95

100

in the side walls of the conduit-tubes A. (See

Fig.6.) Itispreferred to construct the cham-
bers O of such depthrelative to the diameter

of the conduit-tubes that the valves N at the
recelving ends of the track-line and conduit-

tubes, when pivoted on or about on a line

with the bottom of the conduit-tubes, will

have greater length from the pivots p to the
upper edges of the valves, where they bear
on the conduit-pipesproper, than the portions
of the valves that hang below the pivots p,
and are in bearing-contact with the wall of
the sub-chambers O, so that a slight prepon-
derance of air-pressure will be exerted on the
upper portion of the valves to close them
when they are not in engagement with the
moving piston Il. Kach of the valves N ig

provided with abutments N’, that are formed

on the walls of the conduit-pipes and the sub-
chambers, as shown in Fig. 6,said abutments
being intended tolimitthe rocking movement
of the valves when they are in closed posi-

tion and have their peripheral edges in con-

tact with the walls of the tubes and the sub-
chambers O. Where the valves N are lo-
cated the interior dimensions of the tubemay
be made slightly greater than the main por-
tion of the tube to accommodate the flanges
N’; or, if desired, said flanges or abutments

‘may be dispensed with within the tube, and

that portion of the flanges which project

- within the chamber O depended on to limit
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compression the tubes A are

the movement of the vaive.
positive closure of the valves N, they are each
furnished with weights N~ which latter are
suspended from arms which are attached to
the pivot-shafts p of the valves, so as to add
their ponderance to the reflex pressure of con-
densed air in the conduit-tubes, and thus
cause the instant elosure of the valves when

they are not impinged upon by the piston H.

At one end of the section or entire line of
a railway an adequate air-compressor 18 lo-
cated alongside of the track, (not shown,)
which may be of any approved form having
adequate capacity to {ill the tubes. The com-
pacted air is introduced through the pipe Z,
which extends from the air-compressor to en-
ter the sub-chamber O on the inner sides of
valve N, so that air-pressure thus introduced

1into the pipes will close the valves N, and in

order to introduce air from the tube first re-
ceiving it into the parallel mating tube a
cross-branch pipe g is placed between the two
conduit-tubes and in open connection with
the sub-chamber of the second conduit-tube,
so that equal pressure in both tubes will re-
sult, both valves N being normally held shut
by the compressed air.

In operation of the system by air under
provided with
the air under pressure and a proper press-
ure always maintained. Now, there may be
several stations along the lenoth of a rail-

way-line and between the ends of a tube-sec-

tion, the tube-gections being separated a
proper distance to allow the introduction of
alr at therelay-stations along theline. When
a car 1s started on one line, its connected arm

(x enters the slot of the conduit-pipe, raises

the cover A5 and its attached piston opens
the guard-valve M by contact of the bracket-
arm L. with this® valve, pushing it down,
the piston moving over the depressed valve.
It is necessary for the proper action of the
system that there should be a sufficient dis-
tance between the guard-valves M and the
main valves N that the piston II may be re-
ceived between these valves. Sald piston
when brought into contact with the valve N
will roelk it on i1ts Journaled bearings and
afford room for the onward travel of the pis-
ton and attached car, the guard-valve closing
tightly before the main valve N 1s opened.
It 1s essential for the sure operation of the
compressed - air plan of propulsion that the

space between the edges of the sub-chambers

O be so proportioned to the length of the pis-
ton H thatthe ends of the latter will span the
chamber O and lie on the surface of the con-
duit-pipe itself, so as to form a tight joint
when the piston 1s entered and depresses the
valve N, and 1t will be seen that this valve

~when 1t 18 depressed to lie in alignment with

the lower surface of the conduit-tube will
leave an opening at s, so that air-pressure
introduced in the sub-chamber O will exert

force on the end of the piston nearest the

cuard-valve M to propel said piston forward.

T'o insure the |

409,769

A provision must be made to allow the air-
pressure between the valves Mand N to be re-

moved to permitthe introduaction of the piston

within the conduit-pipe between the valves;
and to this end there are small orifices ¢ form ed
in the walls of the conduit-tube A,above and
near to the valve N, so that only normal press-
ureof theatmosphere will existin the chamber
between the valves N M on the receiving end
of the tubes A, and it is evident that when
the piston is introduced and the valve N de-
pressed the orifice ¢ will be closed by the
body of the piston until said piston clears

75

30

the valve N Dby its progressive motion, when

the latter will be closed by pressure of air
on 1t.

When the car is started from either termi-
nal end of the track, 1t maybe pushed by any
suitable means until its piston H 1s in the
conduit-tube A, and has passed the main
ralve N, which when closed will act as an

abutment for the air-pressure, and the valves

I of the piston being closed by the revoluble
movement of the shaft G° said piston will
receive impetus from the compressed air en-
tering between one of its valves and the main
conduit-valve N, thus propelling the car to
the opposite end of the section, providing
there is no occasion for stoppage of the car,
a suitable outlet being provided at the for'
ward end of each Sectlon of the conduit.

To instantly arrest the propulsion of the
car, it is only necessary to open the valves 1
in the piston H, which will permit a free pas-
sage of condensed air through the barrel of
the piston and thus enable 01dmmy brakes
to quickly stop the car for reception or dis-
charge of passengers.

It will be apparent that the. direction of
travel will be as indicated by arrows in Fig.
6; and it may be here mentioned that the dis-
tance between the terminal ends of tube-sec-
tions on a long line of railway 1s such that
the impetus or momentum ot the carreceived
from the section it leaves will propel it
across the space between sections and cause
it to open both the guard-valve and main
valve, as before e:xplamed |

It has been stated that the valves N,which
are located in the sub-chambers O at the re-

ceiving ends of the track-line and conduit-

tubes, are longer from their pivots p to their
upper edges than from these pivots to their
lower edges, thus affording increased area for
air-pressure on the upper portion of the
valves N. At the discharge end of said tubes
the lower ends of the valves are given 1in-
creased area, forthe evident purpose of insur-
ing their immediate closure when the piston
Il passes them. |
When cars have reached the terminals of
the track-lines at either end, they may be
transferred by an ordinary switch (not
shown) from one track to the other, so that a
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return trip may be made in an obvious man--

ner.
It may be here stated that it 1s not essen-
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tlal that there be relay-stations along theline | piston of the car after the guard-valves are

of railway to supplemeni power or introduce
increments of air under pressure, as it is ap-
parent that an ordinary air-conduit main
may be provided which may lie parallel to
the conduit-tubes A. Said air-conduit main,
extending from air-compressors at each ter-
minal of the line, may be tapped at stations
between these ends and thus supply the
necessary alr-pressure to the different sec-
tions along the line of railway, this conduit-
main being shown at V, Fig. 1.

1o utilize the system and apparatus here-
inbefore described for pneumatic propulsion
of cars by exhaustion, the flaps on the con-
duit-tube Hare reversed in position, as shown
in Kig. 3, so that the two flaps a¢ will in this
case project upwardly outside of the condunit-
tube and come in contact, as shown, they
being adapted to elose the slot and prevent

the introduction of air when the sameis bein o

exhausted from the conduit-tubes by any
proper apparatus located at the stations or
ends of the lines, in lien of the air-compres-
sors that are employed to compact air when
such a means of propulsion is used. -

It is evident that the piston H will movein
the tubes A with the same precision as when
compressed airi1s used as a motive power,
and that the opening of the valves I will ar-
rest the progress of the car by permitting the
exhaustion of air through it while the piston
remains stationary.

In the donduit-pipes where exhaustion of
air is employed there is no necessity for the
employment of a separate guard-valve M at
one end of conduit-tube, as a single valve P
will be sufficient to close the conduit-pipe at
one end. Larger valves U, working in sub-
chambers O and the conduit-pipe, as have
betore been described in connection with the
compressed-air power, are located at the op-

posite ends of conduit-tube sections, the ex-

haust-pipes S and cross-branch pipes T being
located between these valves to provide for
the rapid and effectual exhaustion of the air
from both tube-sections that are located in
parallel lines, so that cars may be propelled

1n opposite directions on the parallel lines of

track and arrested at will of the operator of
the valves in the piston H. |

Many slight changes of form and combi-
nations of parts might be made in this de-
vice without departure from the spirit or ex-

ceeding the scope of my invention; hence I

do not desire to limit myself to the exact
forms and combinations of parts herein
shown; but,

Having fully described my invention, what
I claim as new, and desire to secure by Let-
ters Patent, is— |

1. In a pneumatic-railway system, the com-
bination, with two conduit-tubes adapted to

receive air under pressure, of a set of guard-

valves and a set of main valves, the main
valves being adapted to be opened by the

closed, substantially as set forth. |

2. In a pneumatic-railway system, the com-
bination, with two tubes, of a guard-valve at
one end of one tube, the other tube being
provided at one end with a guard-valve and
at the other end with a main valve, all of
sald valves being adapted to be opened by
the piston of the car, a ‘pipe connecting one
of sald tubes with the power-house, and a
pipe connecting the tubes, substantially as
set forth. |

5. In a pneumatic-railway system, the com-
bination, with two conduit-tubes, a cross-
branch pipe, and a pipe connecting one of
sald conduit-tubes with the power-house, of
a set of guard-valves, a”set of main valves,
weights to close these valves, a hollow piston
provided with valves, an arm to connect the
piston with a car, and a device to open and
close the valves in the piston, substantially
as set forth. ._

4. In a pneumatic-railway system, the com-
bination, with a conduit-tube, ribs formed at
intervals on the conduit-tube, and a jacket

below the conduit-tube and adapted to re-
ceive water that enters between the jacket
and conduit-tube and convey it away, sub-
stantially as set forth. | |

5. In a pneumatic-railway system, the com-
bination, with a conduit-tube having a slot on
its upper side, two flaps that are elastie, and
cap-plates that bear on these flaps, all being
secured to the tube, of a yielding cover that
18 secured by one edge to the conduit and lo-
cated over the flaps, substantially as set forth.

0. T'he combination, with a tube having a
longitudinal slot therein and integral ribs pro-
jecting from the tube, by which the latter is
secured, of two elastic flaps adapted to close
the slot,and acoverfastened tothe tube above
the flaps and adapted to bear thereon, sub-
stantially as set forth. |

7. In a pneumatic-railway system, the com-
bination, with a conduit-tube having a slot, of
an arm, a movable piston attached to the arm,
two gum-flaps that engage the arm and are
adapted to close the slot of the condulit-tube,
integral ribs formed on the conduit-pipe at
intervals of its length, flanges on these ribs,

and wear-plates thatform a throat for the arm

to move 1n, substantially as set forth.

8. In a pneumatic-railway system, the coms-
bination, with a conduit-tube having a slot,
two gum-fiaps that close the slot and yield to
pressure, of an arm, a piston affixed tothe arm
and provided with spring-packing valves in
the piston, a shaft that is located in the arm
and engages the piston, devices to connect the

arm with the piston, and a means of revolving.

the shaft to open and close the valves in the
piston, substantially as set forth.

9. In a pneumatic-railway system, the com-
bination, with a conduit-tube having a slot on
- 1ts upper side, two gum-flaps fastened to the

bearing on these ribs, of a drain-pipe located.
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tube to close the slot, a piston having spring-
packing at its ends, an arm that is attached
to the piston and works in the slot, a shaft
that is located in a longitudinal hole in the
arm, valves in the piston, and a device thatis
attached to the arm and valves to operate the
valves, of a series of integral ribs formed on

the conduit-tube, flanges formed on these ribs-

that are adapted to support wear-plates that

ro form a throat-slot above the conduit-slot, and |
two opposite wear-plates, which are placed in

409,769

| line with the road-bed and permit the piston-

arm to travel between them, substantially as

set forth. . |

In testimony whereof I have signed this
specification in the presence of two subsecrib-
Ing witnesses.

MEINOLPIH BODEFELD.

Witnesses:
"R. 5. FERGUSON,
'GEO. If. DOWNING.
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