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To all whony 16 may conceriv:

Be it known that I, SAMUEL BENSON, a ¢1t1-
zen of the United States, residing in DButte
City, Montana, have invented new and use-
ful Improvements Relating to Pneumatic
Tubes and Motors, of which the following 18
a specification.

My invention relates to that class of pneu-
matic motors having a piston within a tube,
through which projects a straight flattened
arm from the piston, being thereby available
as a motor for any adaptable use on the out-
side of the tube by means of air or other suit-

~able pressure acting against the rear of the

20

piston within the said tube, the tube being
provided with a longitudinal slot for the pas-
sage of the arm or driving-bar, and being
centrally and equilaterally opened therefor
by the cleavage of a wedge-shaped bar be-
tween a pair of elastic line-valve strips ex-

tending along and secured to the opposite

~edges of the tube-slot and automatically clos-
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ing after the passage of the said arm or driv-
ing-bar, and has for its object, so faras here-
in set forth, to provide means whereby the
tube-joints may be made adjustable to nec-
essary movements without needless leakage
and waste of power, and that other parts re-
lating thereto may be S0 constructed that
they shall contribute to the permanency and
integrity of the joint system connected there-
with., While this motor is obviously adapted
to elevators and other uses, this deseription
relates more particularly to rapid transit ot
passengers and freight. ‘ |

" Tt is my further object that all devices in
these plans shall be adaptable to the opera-
tion of motors in either direction on thesame
line or the interchange of cars and motors
with other lines having the same track and
tube-gage; also, that the motors may be actu-
ated by direct pressure alone or 1n conjunc-
tion with a partial vacuum orthe latter sepa-
rately. _

I accomplish these objects by means of
the devices and construction set forth in the
accompanying drawings and specification,
needless explanations and illustrations of de-

tail obviouslyimplied being omitted, the same |

zo letters or figures referring to the same or like

parts. | '
Figurelisan endelevation of the combi ned

.......

- r— e L —

in ¢ross-section showing joints and other de-
tails. TIfig. 2 is a eentral horizontal section of
Ifie. 1, showing interlocking joints of tube,
inflatable packing, and other details. Fig. 3
is a horizontal section of tube-joints,showing
plain butt-joints, and a modification of the
Joint-packing shown in Figs. 1 and 2. Fig. 4
is a vertical cross-section of the tube, show-
ing a modification of Ifig. 1. Fig.51s a hori-

6 shows a perspective viewof a broken length
. of the inflatable line-valve strips. Fig. 7
shows the same with the inside arrangement
of the cells by means of the sectional view,
as set forth. Iig. 8 1s a view of the piston
from thetop,alsoshowingseparatorinhorizon-
tal cross-section. Fig. 9 is a sectional view of
Fig. 8throughlinell 11, Ifig. 8. Iig.10shows
a verticallongitudinal sectionof the tube and
pistons and attachments thereto and the self-
adjusting relieving - coupler in connection
therewith. Fig. 11 1s a horizontal section of
the separator Cintheline 1513, Fig. 10. Fig.
12 is a central vertical cross-section of Ifig. 12,
showing tube,driving-bar, connections, reliev-

e —

IFig. 13 shows a horizontal section of the pis-
tons and connections as set forth in KFig. 10.
Fig. 14 is an end view of the switch-tube to
be seen in Fig. 15, showing arrangement of
packing for movable end joints,asat switches,

§

switch-tube branches and supports, alsoshow-
ing arrangement of joints and inflatable elas-
tic ring-packing adapted thereto. Kig. 10isa
top plan of the line-strips as it would be seen
on the lower or free end of the switech-tube in
connection with Iffig. 14; also shows a suitable
‘means for securing line-strips at terminals;
‘also, junetion with joint-rings. IFig. 17 shows
end broken off a switch-tube as seen from the
top and flush with the upper face of the line-
valve strips, showing the curved end, the

‘ing and chamber; also shows jointure of ring-
packing and line-valve strips and enlarged
ends of line-strips and conforming chamber,

is a perspective view of an inflatable ring

I adjustable coupling and tube-chair, the tube

zontal cross-section of a four-way cock. Tig.

ing movements, receiver, and other details.

i turn and transfer tablesor crossings, or other
necessary terminals or movable ends of tube.
I'ig. 15 is a central horizontal section of the

I dotted lines thereat indicating the ring-pack-

" whereby the line-strips are secured. Fig. 18
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adapted to the arrangement shown in Fig. 17 | terials and best adapted to conditions of the'

and elsewhere, relating to switch ends, eross-
ings, or other transversely-movable ends of
tubes. Iig. 19 is a perspective view of a de-
tached separator and broken strip of line-
valve, showing the port-openings 1 2 3, all
on one side in this case, the shaliow cham-
ber I/, the nozzle [, and the small orifice 3,
the enlargement of the separator above the
joint-lips, the broken-off line-strip on one side,
and the projecting joint-lip BE. Fig. 20 is a
vertical longitudinal section of the tube and

piston and attachments thereto, correspond- |

ing with Fig. 10, but having the self-adjusting
couplerremoved and the shank of the driving-
bar broken away to conveniently illustrate
the conduction and regulation of the motive
fluid between the receiver O and the lower
channels. Fig. 21 is atop view of the switch-

tube and branches, corresponding to the sec-

tional view of Iig. 15. Itshowsthe top of the

- switch and branch tubes flush with the upper
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5 5, Fig. 23.
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face of the line-valve strips, said strips being
shown continuous through the pivotal end of
the tube. Other details of this view are else-
where described. Fig. 22 shows the cover and
guide-strips J J as lifted entirely from the top
of Kig. 21, the pleces occupying the same rela-
tive positions as when in place and secured
by screws w, as shown in Fig. 4. TFig. 23 is a
horizontal section of atube-crossing as shown
on the line 5 5, Kig. 24. Fig. 24 is a corre-
sponding vertical section shown on the line
. Kig. 25 is a perspective view of
the plug or tube-carrier £, showing, in con-
nection with other figures, arrangement of

inflatable ring-packing and line-valve strips |

at terminal ends, the gunide-strips and cover
J J being removed to exhibit these features.
T'he construction is, broadly, that of a com-
mon two-way cock provided with necessary
changes 1n structure forthe purpose setforth.
The plug or tube-carrier 2 is provided with
a short section of the tube, with all upper
attacnments corresponding with the main
tubeandin alignment with the same at either
angle, asshown,and arranged to rotate within
the chamber A’ about its vertical axis.
quarter-revolution in either direction opens
and closes opposite tube-openings, thus allow-
ing free passage of the piston and connections
through the fube and slot when set in the di-
rection of travel, and by means of the inflat-
able ring-packing the escape of motive fluid
1S prevented. |
The movement required to change the di-
rection of the tube-crossing may be imparted
by the lever A’ or other sunitable means.
The weight of the movable plug or tube-
carrier may rest as shown, or may be sup-
ported upon a suitable step or bearing under
the spindle at 2’ or otherwise. - |
A" A A A" showin FHigs. 6 and 7 and else-
where the line-valve strips, composed and
made of rubber or combinations of rubber
with other substances or other suitable ma-

Al
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following description. . -

A A are the inner faces of the line-valve
strips—hard, elastic, and anti-frictional. The
lips E E are softer, elastic, and slightly pro-
ject to meet each other from the hard faces
A A. |

A" A’ are the outer strips of very elastic
material and inflatable cellular structure.

Figs. 6 and 7 and others indicate very
plainiy the general features and application,
with some simple obvious modifications, to

which these inflatable line-valve strips are
subject. The hard faces A A resist the tend-

ency of the inward pressure to force them
out of the open slot, also resisting the violent

75

80

thrust of the separator C, as shown in Figs. 1, -

4, and 12. The separators C C and all upper
following parts being wider than the space
between the lips of the line-valve strips while

| passing through them, and the under part of

the separators C C and driving-bar D oppo-
site and parallel to the lips being reduced in
width, none of the passing parts come in con-
tact with them, as indicated and exaggerated
in Fig. 12. (Shown also in Fig. 19.) Asa

further precaution to prevent injury to or

abrasion ¢f the said lips K E,the separators C C
are permanently fixed to the inner ends of
the pistons K I', Figs. 8 and 10. This position
prevents any perceptible rise or fall of the

90

95

separators C C, They are always in direct

alignment with the divisional line of the line

strips or valves, and will readily adjust them-
selves from cramping or binding in the slot

by rolling the pistons slightly, other joints
not interfering. L
-4\ shallow cavity s, (indicated in Figs. 1, 4,
and 14,) adapted to receive the separator-noz-
zle [, is provided to facilitate the entrance of
sald nozzle at all terminal ends, whether sta-
tionary or subject to transverse movement,
whereby the penetration of the nozzles and
separation of the line-valve strips is assured,
and damage resulting from end movement of
or upsetting the line-valve strips is thereby
avolded. -
The different layers will be united in the
process of the manufactureof the line-strips,
and may be made in convenient lengths and
spliced by breaking joints, as indicated in
Kig. 6, the overlapping ends being united by
cementation. The lips & E are preferably
located near the edge of the line-valve strip
exposed to the greatest pressure and should
project somewhat, in order that the lateral
pressure resulting from the elastic material
and inflation of the cells ¢ may press them
firmly together, and thus prevent the escape
of the propelling-fluid. The lips E E are
shown meeting in straight lines. Evident ad-

vantages may be attained underhigh pressure
by having them meetin serrated or other cor-
responding lines. In eithercasea choice will
depend upon local conditions. '

The cells @ @ o (shown orindicated in Figs.
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6 and 7and elsewhere) may be made asshown,
or of honeycomb or other suitable structure

confined within outer walls, as shown, and
grouped 1nte longitudinal secrions by inter-
communicating eha-nnels between theinterior
cells in each determined group. In no case
must any group occupy a length ot the line-
valve strip quite equal to the distance be-
tween the piston-packing and the nearest noz-
zle of the separator C, each group having one
or more openingsconnecting with the interior
of the tube, as indicated at b, Iig. 1, and else-
where. By limiting each group as set forth,
as the piston isdriven along by the pressure
within the tube, the strips are inflated by
means of the cells and openings described,

thus tiechtly compressing the lips in the rear

of the piston; yetthey cannot pinch thestrips
upon the separator, as the inflatable sections
are too short to reach it.

In case of using comparatively low press-

ure, particularly with partial vacuum, the
intercommunication of cells with each other
or with the tube may be omitted, as sufii-
cient air can be confined during the process
of manufacture to secure the required elas-
ticity of the cellactionin the line-valve strips.
I do not therefore limit myself to any special
form or combination of cells with or without
communication in elastic inflatable cellular
line-valve strips for pneumatic tubes.

Fig.7 showsasuitable arrangement of cells.

IFigs. 1 and 6 show the arrangement of side
recesses, which, when used as shown, adapt
this systein to the action of vacuum, separate
from mechanical pressure or in conjunction
with it or by direct pressure alone—that is,
when arranged as here shown it is applica-
ble to either use, as stated, without further
change. Ifthesesiderecesses beomitted, the
combination 1s adapted to direct pressure
only. The recesses care shallowdepressions,
limited in length for reasons similar to those
above set forth When vacuum is used, the
external atmosphere communicating with the
recesses ¢ by means of the holes d, Tfig. 1, in
sides of valve-chamber G, pressing between
the walls of the chamber and the line-strips,
force them together, thus securing a tight
jointure of the lips I K. "T'he inner walls of
the line-valve chamber G may be milled or
otherwise roughened to prevent a tendency
of the line-strips toward end motion from
passage of driving-bar; orlateral projections
may be provided on the line-strips, adapted

to corresponding chambers at suitable inter-

vals along the tube-slot, the outside lines of
the plan view of which would appearas shown
at the junction of the switech-tube and branch,
Fig. 21.

Fie.4showsa modification of the line-strips
and the walls of the chamber confining them,
whereby the circumferential interior of the
tube presents a uniform unbroken face, re-

quiring no offset in the piston-packing, the
line-strips projecting fartherinward ana cov-
ering-a wider space of the interior tube than |

1sshownin IFig. 1. Theside walls of the tube
are continuous and form the walls of the
chamber, which feature is also a,pphcmble to
either plan of line-valve-chamber floorshown.

H 1n Figs. 1 and 2 shows an adjustable.

tube-eonpling and chair for the tube-joints.

It 18 preferably made separable, as shown,

provided with compression-bolts e, vertical
tie-bolts e’, and clamping-screws ¢e’’/, which
pass through the coupling and screw into the
tube, binding them together. Any tendency
of the tube-slot to open or close beyond the
normal limits of slot-gage may be corrected
by the relative adjustments of the bolts ¢ and
e/ and the tubeand couplings firmly engaged,
and the whole permanently secured to the
road-bed by the means set forth. This form

of chailr and coupling may be cast with the

tube and used as intermediate support be-
tween the joints or cast on the end thereof,
forming a socketfor the next length of tubing.

Referring to Ifig. 2, lugs or shoulders f f
co-operate to regulate the expansive and con-
tractile action of the tube resulting from
changesin temperature, space therefor being

allowed between the shoulders f  and the

coupling-chair. Omne end of each engaging
pair of tube ends is rigidly secured to the
combined tube-coupling
of the shoulder fand clamping-screws e¢’/. The
other end 1is allowed to move endwise by
means of slotted holes in the coupling-box,
through which theradialscrewse’” pass. (Not
shown.) This arrangement, when secured to
the road-bed, confines said action within the
limit of each section of tube.

Figs. 1, 2, 3, 14, 15, 17, 18, 21, 23, and 25

show inflatable elastic-joint ring I for the

tube end joints, the object being to provide

aneffective inflatable ring-packing for pneu-
matic tubes to act in combination with the
line-valve strips, which by simple modifica-
tions in form or position will seal the spaces
at the engaging ends thereof, whether fixed
or movable, whether such movement be due
to changes in temperature or necessary trans-

verse IlleCthlllCELl movement of short S(,ctlonq

of the motms or othermse amd by means of
its elasticity and inﬂa,table action will auto-
matically fill and seal such joint-spaces.

Kigs. 1 and 2 show a suitable form of elas-
tic inflatable packing I for interlocking tube-
joints. It is made of rubber orother suitable
elastic material and molded toconform to the
space to be occuplied by it, but somewhat
larger in all its dimensions, and being pro-
vided with closed ends abutting upon the line-
valve strips A" A’ and the ends of the cham-
ber confiningit. The motive fluidisadmitted
through suitable orifices 77 or through the
joint-openings or otherwise, thereby expand-
ing them outwardly in all directions, facili-
tated by the curved lines of the packing
shown in section in the different figures, Lhus
effect.wely sealing the joints.

Fig. 14 is an end view of the Smteh—tube

and chair by means
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. all movable ends, as tube crossings, switches, | pins ¢’ ¢/, and are provided with conducting- 7o
. turn-tables, or other necessary interruptions | channels ¢’ to parts £’, Figs. § and 9. The =
5 of the main-tube line, the same general de- | piston-valves W W are connected by means - -
o geription applying to all ring-joints shown. | of the valve-rod 7 7 and joint-pins ¢’ a’. The =
o Ttwill be observed that all movable sections | driving-bar D is connected to the piston-con-

. of main-line ‘tube are provided with all at- | necting rod M by meansof the joint-coupling 75
. tachments of the main tube, the ends of the fat "
10 line-valve strips being enlarged, as shown | ( C are the line-valve-strip separators im-
.+ 7 in Fig. 16, the line-valve-chamber ends being | movably secured to the pistons F IF and pref- . =
- . provided with corresponding enlargements, | erably cast of suitable metal and provided -
L whereby the line-strips are prevented from | with channelsorports123and172’3". These 8o
.......... ~being driven or forced inwardly. Fig.3shows | ports act in corresponding pairs;each pair
15 amodification of thisinflatable packing asap- | performing the same function as numbered,
o plied to a plain butt-joint, pressure being ad- | viz: The ports numbered 1 and 1’ conductthe
- mitted through orifices f’ or otherwise. A | motive fluid to or from the tube B and re-
. suitable recess ¢ is provided, as indicated by | ceiver O, as shown in Ifig. 10, by means of a 85
. dotted lines in Figs.1 and 2, for the reception | downward and horizontal extension of the
20 of a metallic plate to support the inflatable | port to &, Fig. 9, and an upward extension =
. joint-packing I at the opening between the | by means of suitable openings, connections, =~
oo oo lower opposite faces of the coupling and | and flexible tubes or ports,as indicated,to
- ehairHyE. . 1 the receiver O, FFig. 20, the said receiver being go -

| secured to any desirable part of theear. -
| When the motive fiuid is.to be supplied to~
| the tube by means of conduecting-pipes and

| regulating-valve system therefor, in connec- =~

"The inner facesof the guide-strips J (shown
in Fig. 1 and elsewhere) are preferably lined
with metalline or other anti-frictional compo-
sition, as indicated at U.

The protection-flaps IL are made of rubber
or other elastic material, secured to the tube |
by means of the engaging tongue and groove
in the flap and rolled metallic strip « and se-

either end of the piston the check-valve ex- |
posed to this excess will be lifted and the
fluid allowed to pass automatically into the
receiver until the pressure is equalized or
lessened within the tube. | -
When the motive fiuid is supplied to the

40

I1IC
cured by the screw-bolts ww w. Their func- | tube from a receiver on the motor-car, suit-
45 tion is to open and close during the passage | able pipe connections and regulating valves
of the motor and to protect the slot from the | or cocks, as at 1*> and 0V, are shown in con-
elements or foreign matter. . - { Junction with the check-valves 1* and '/, by

Fig. 10 is a vertical longitudinal section of | which motive fluid may be conducted to the 115
the tube and relating parts containing the a receiver from the tube or from the receiver

so pistons and connectionsand showing the self- | to the tube, whereby the opposite sources of
adjusting relieving-coupler P’ (3, attached to | motive supply may be caused to act sepa-
or in connection with the driving-bar D. | rately or in conjunction, as may be required.

I' I are the main pistons, being cylindrical Ports numbered 2 and 2’ communicate with 120
conical shells, each being preferably cast in | the outer ends of the piston-valve cylinders
one piece. The external surface fits freely [ £ & downwardly and horizontally and up-
within the tube and is provided with suitable | wardly to receiver O, as indicated in Fig. 20
. packing, as indicated at 721, and the inside | by letters 2* and 2*’. The function of this
bored to receive interior piston-valves W W, | pair of ports is to act alternately with each 12t
which latter are nicely fitted tothe same and | other in exhausting the pressure from one
provided with packing, as shown at +” ¢/, and | end of the valve-cylinders k k& and admitting
conical ribbed ends ¢, which are intended to | pressure from the receiver to the opposite
correct any irregularities in movable sections .endsof the valve-cylinder, as may be required,
of the tube, such as switches, crossings, or | fo actuate the piston-valves W W, in order 130

necessary valves in the tube, whereby they
may be guided into alignment with the tube
and passing mechanism in the event of fail-

| to reduce the pressure in the rear of the P1S-

ton by allowing the motive fluid to pass
through the pistons for the purpose of regu-

ure of other appliances to fully perform their I lating speed, suitable ports &’ k" being pro-
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vided therefor in the main pistons ' . An
ordinary four-way cock, (shown in section 2Y,)
placed within reach of operator, having the
horizontal openings 2* 2%’ in ecommunication
with the ports 2 and 2/, the upper opening
communicating with the receiver and the
lower opening O* with the atmosphere, will
meet the requirements for actuating the pis-
ton-valves W W. Saidvalvesareshown open,
establishing communication between and
through the inner ends of the main pistons F
I, The four-way cock, Fig. 5, has the open-
ings 22" shownin the reverse direction, which,
1f connected and under pressure, as deseribed,
would close the piston-ports by moving the
valves to the right. The ports 3 3’ are con-
nected, as the others are, by means of flexi-
ble intermediate connections or hose to the
receiver O, each being regulated by the oper-
ator by means of stop-cocks 3* and ¢¥. These
ports are designed to conduct the compressed
fluids from the receiver down to the nozzles !
[, Figs. 20 and 11, which are provided with
twosmalllateral openings, Iig. 11, at 3, a third
orifice shown in the end, the former opening
into shallow chambers !/, provided in the
sides of the separator, as shown by dotted
lines in Ifig. 10 and in section, Fig. 11. The
object is to provide a film of the motive fluid
between the impinging facesof the line-strips
and the separator, thereby reducing friction
and absorbing heat by means of the pressure
of the fluld current passing through them.
When necessary, this arrangement may be
applied to the sides of the driving-bar D.
(See Kig. 19.)

- "T'he available novel features of the sepa-
rators are due to their origin and position
apon the motor-pistons, the alignmont and
freedom from wrenching action from move-
ments of the motor being assured thereby,
and line-valve strips and joint-lips protected
from injury, as elsewhere shown. Requiring
no pivots or space for them between the line-
valve strips, much less lateral movement is
required for the passage of motor connec-
tions between them, resulting in obvious ad-
vantages. As these features are not depend-
ent upon the inclosed ports 1 2 3 and 1”2’ 3/,
I do not limit myself to a separator of this
form inclosing ports. It is evident that for
short distances or comparatively low speed
they may be omifted, and motive fluid for
brakes or other uses may be supplied from
small air-compressorsactuated from the axles
of the motor-car or otherwise. Inlieu of the
ports Dbeing in the separators, they may be
tormed in the driving-bar and connected to
the pistons by flexible tubes: but I prefer
them as shown when used.

The coupling-shaft P, Figs. 10 and 12, 1s
securely journaled in the car-platform on
lines parallel and vertical to the longitudinal
axis of the tube andis provided with depend-

ing arms »i m, pivoted at m” m” and support-

ing a truck Q,alsopivoted at m” m/’, as shown,
and provided with grooved wheels, journaled

as set forth, and adapted to move freely in a
vertical line upon the rounded shank of the
driving-bar D. By means of this self-adjust-

ing coupler the car is free to lurch or rock,
lift or fall, without exposing the piston or
‘driving-bar to injurious strains resulting in

needless friction and abrasion to the line-
valve and guide-strips or piston-packing.

It will be noticed that a free working-space
is allowed between the adjacent ends of the
separators and driving-bar to permit of neces-
sary radial movement of the latter and to z_ﬂ-
low equalization of pressure between the pis-
tons within the tube and the atmosphere with-
out—that is, I prefer that this space shall not

De air-tight, in order to prevent accumulation

of pressure whereby the cellular line-strips

would be inflated and caused to shut tightly

on the passing bar and separators, aside from
the free action of piston and separators.
[Figs. 14,15,16,17,18, 21, and 22 show details
and modifications relating to swilch - tubes
and inflatable joint-rings, Fig. 15 being a
lower horizontal longitudinal section of the
switeh-tube B, branches S S, chair T, sole-
plate X, coupling-box R, and packing I. A
ball - joint end is shown in the switch-tube

at o, the tube B engaging therewith in the

plain eylindrical throat and collar, as at p,in
the coupling-box R, which is also formed to
engage with and constitute a ball-joint, as at

0,the box R,being separable and adjustable,

provided with packing-strips, as-at g in Figs.
1 and 2, to support the packing I, which 1s

gimilar in structure and action to that pre-

viously described in the above figures. |
The operation of the parts relating to this

application having been set forth in the above

description, a brief allusion to further ramifi-
cations and operations in connection there-
with will afford a clearer understanding of

the objects, construction, and uses of the de-
vices herein set forth.
round, as shown, rectangular, or other formin

The tube may be

interior transverse section, and may be lined
with any suitable anti-frictional material ov
composition, and should be stiffened ex-
ternally by having ribs adapted to resist un-
due opening of the slot from internal press-
ure, and will be laid between and parallel to
the rails or other trackway and provided with
a vehicle adapted tosald traclkwayand mount-
ed thereon and connected by means of the
self-adjusting coupler and the driving-bar to
the main pistons and propulsive action of the
motive fluid within the tube and conformable
to the impulses and regulation thereof by
means of and in the manner set forth or as
further explained herein. The road may be
clevated or in an inclosed level to avold acei-
dents from high speed, or may be tunneled.
The tube will be provided with suitable valves
at stations or other points to act as abutments
for the expansive action of the motive fluid
in starting and propelling motors in either
direction, as required, the same or like valves

to aet as abutments to stop motors by cumu-
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lative compressive action of air or other fluid | both sources, as before set forth, and by clos-

1n advance of piston, safety-valves suitably
located, connected,and adjusted acting in con-
junction with theabutment-valves, and valves
to exhaust the fluid within tothe atmosphere
without in advance of approaching motor.
When the motor is to be actuated wholly or
partially by the direct action of the motive
fluid generated at contiguous power plants,
conducting mains or pipes will issue there-
from and follow the motor-tube and suitable
branches, and valves for the passage and reg-
ulation of the motive fluid will be provided
between the conducting-main and motor-tube.
If highly-concentrated motive fluid be used,
1t-may be transported and distributed in suit-
able receivers and supplied to the motors as

needed; orthe fluid may be conducted through

sultable tubes and the receivers filled there-
from, thence used, and applied tothe tube, as
and for the purposes indicated elsewhere.
For urban passenger or more extended lines
and traffie, and from either or both sources
of supply of motive fluid tothe tubeand used
separately or in conjunction as required, the
speedy transit between contiguous stations
may be best attained by a prompt admission
of the motive fluid between the motor-piston
and abutment-valve, increasing the flow and
pressure with the accelerating velocity of the
motor within safe limits until the impulse of
the accumulated forces and expansive action
of the fluids within the tube will project it to
the next station. A cushion-valve will be
closed at the proper time in advance of the
The pressure in the ad-
vance part of the tube will increase as the
speed of the motorisreduced. Surplus press-
ure not required tostop the train before reach-
ing the cushion-valve may be passed th rough
a safety-valve, acting in conjunction with the
cushion-valve properly adjusted, having snit-
able connections with a main conducting-pipe
or into a receiver to be used again in the fur-
ther propulsion of the motor. Brakes may
be used, as also the regulating-valve within
the piston, in urgent cases pressure for both
purposes being furnished from a suitable re-
cetver, as set forth. The motive fluid remain-
Ing in the rear of the tube may be exhausted
or still further utilized as the exigencies of
traffic or economy may determine. In case
of a train leaving simultaneously at a rear
station the tube would be exhausted, an abut-
ment-valve closed behind the advance train,
and renewed impulse imparted between the
sald abutment or valve and the said advance
train. In traversing greater distances the
same principle of initial movement and pro-
gressive action would be extended to the limit
fixed by tke pressure and friction of the flunid
within the tube and other conditions involved,
when- renewed impulse would be supplied
from the conducting-main adjacentto the rear
of the motor by means of suitable connections
and channels between said main and tube, or
from a suitable receiver on the car, or from

[

l

| slotted.

ing an abutment-valve thereat, a series of
such valves and connections to be provided
therefor and automatically operated, the mo-
tor would be projected by such impulses, sub-
ject to the control of the operator.

Having described my invention, what 1

claim, and desire to secure by Letters Patent,
Is— .
1. In combination with a longitudinally-
slotted pneumatic motor-tube, the line-valve
strips having hard elastic anti-frictional op-
posing inner faces and projecting inwardly
therefrom softer engaging elastic joint-lips
outwardly adjacent and integral thereto, the
elastic bodies of inflatable cellular structure,
whereby the line-strips may yield readily to
the passage of a driving-bar and automati-
cally close thereafter and seal the joint in
contact therewith, and a conforming longi-
tudinal line-valve chamber constructed and
arranged substantially as and for the pur-
poses set forth. |

2. In combination with a longitudinally-
pneumatic tube, the line-valve strips
A” A A A’, having hard elasticanti-frictional
opposing inner faces A A and projecting in-
wardly therefrom the softer elastic engaging
joint-lips E E, the outer body A” A’ integral
thereto, of elastic structure, having defined
groups of intercommunicating-cells, and each

separate group provided with channels to the

motive fluid withinthe tube, whereby the said
line-valve strips are inflatable and all solid
surfaces and joints in contaect therewith may
be tightly sealed, and the longitudinal line-
valve chamber conforming to the said line-
valve,arranged and constracted rubstantially
as and for the purposes set forth.

3. In combination with a longitudinally-
slotted. pneumatic motor-tube, the elastic cel-
lular inflatable line-valve strips adapted to
open freely for the passage of a suitable driv-
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ing-bar, whereby movement may be conveyed .

to a vehicle on the outside of the tube and to
automatically close thereafter and to seal the
joint-lips and chamber-walls in contactthere-
with by the combined action of the materials
used in said line-valvestrips and their elastic
cellular structure and the expansive fiuid
confined within said cells, and conforming
longitudinal line-valve chambers adapted to
continuous sections, switches, crossings, or
other interruptions of the main-line tube,
substantially asand for the purpose deseribed.

4. In a pneumatic motor of the class set
forth, the elastic line-valve strips having
hard faces, softer elastic slightly-projecting
and engaging joint-lips, an outer body of
elastic cellular structure, and cells inflatable
by meansof suitable expansive fluid confined
therein, whereby the said line-valve strips
are expanded and the joint-lips tightly sealed,
in combination with a conforming chamber
throughout its length and adapted to open
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tube and a vehicle to be
on the outside of the tube.

5. In a pneumatic motor of the class set
forth, the combination of the elastic inflatable
line-valve strips, the motor-tube, the adjust-
able coupling-box, and chair and switeh with
the inflatable joint packing-rings I.

6. In combination with the deseribed mo-
tor-tube, the inflatable line-valve strips, as
setforth,adapted toterminal ends or switches,
crossings, turn-tables, or other interruptions
or branches of the main-line tube, having en-
larged ends conforming to corresponding en-
largements at the ends of theline-valvecham-
bers, engaging and coacting with inflatable
Joint-rings at terminal joints, as set forth.

7. In the described pneumatic motor, the
line-valve strips, as described, in combination

~with inflatable elastic joint-rings having eon-

forming and suitable chambers at all tube
end joints, substantially as and for the pur-
pose set forth.

S. In the class of motors set forth, the elas-
tic inflatahle line-valve strips provided with
shallow recesses in contact with the outer
walls of the line-valve chambers, in combina-
tion with the said chamberhaving orifices, as
at d, In communication with the external at-
mosphere, whereby the joint-lips are sealed
when using a partial vacuum, substantially
as and for the purposes set forth.

9. Im a pneumatic motor of the class de-
scribed, the combination of a switch-tube, a
continuous separable pair of elastic inflatable
line-valve strips, as set forth, through the
pivotal end of the switch-tube, conforming in
construetion, position, direction, and fune-
tionsto the saidline-valvestrips, as described,
for main tube, and continuously connected
therewith and terminating at and secured to
the swinging end of said tube, the line-valve

~chamber, the main tube, the adjustable coup-

ling-box and chair R, the inflatable joint-rings
I, provided with suitable channels and open-
ings to the motive fluid within the tube, the
sliding tube-brace and chair T integral with
said switeh - tube, the sole- plate, X and
branches S S, arranged substantially as and
for the purposes set forth.

10. In a pneumatic motor of the class set
forth, the switch-tube having a ball-and-
socket joint, in combination with the adjust-
able coupling bar and chair, the inflatable
joint-rings thereat, the continuous line-valve
strips, the inflatable rings, the line-valve
coverand chamber,thesliding tube-braceand
chailr, the sole-plate, and the tube branches,
as set forth. |

11. In pneumatic motors of the class set
forth, the combination of a continuous pair
of separableinflatable elastic line-strips hav-

ing soft elastic engaging joint-lips and pro-
vided with suitable inner opposing surfaces,
the separators adapted thereto, whereby the
friction and wear attendant therewith arelim-
ited to said wearing-faces provided therefor, &

propelled thereby |

and the engaging joint-lips are free from con-
tact with parts passing between them within
the tube-slot, substantially as set forth.

12. In a longitudinally-slotted-tube pneu-
matic-motor system, the soft elastic joint-lips
E E, engaging in conforming lines and pro-
jecting slightly from the inner opposing faces
of the inflatable line-valve strips, in combi-
nation with said line-valve strips and con-
forming valve-chamber therefor, the separa-
tors C C, having nozzles [ [, and the driving-
bar D, adapted thereto, whereby the said
joint-lips are opened and closed without con-
tact with passing motor connections, arranged
substantially as and for thé purposes set forth.

13. In a longitudinally-slotted-tube pneu-

n |

matic-motorsystem,the shallow cavities s pro-
vided at all interruptions of the line-valve

strips or at transversely-movable ends of

tube-sections, and fixed ends thereot engag-
ing therewith, in combination with said elas-
tic line-valve strips, the nozzles [ [, and the
separators C C, adapted to engage with and
penetrate therebetween, arranged substan-
tially as and for the purposes set forth.

14. In a longitudinally-slotted-tube pneu-
matic-motor system, the adjustablie coupling-
box and tube-chair I, having transverse com-
pression-bolts, as e, vertical tie-bolts, as ¢/,
and radial clamping screw-bolts, as e’’, pass-
ing therethrough and screwed into the tube,
the recess, and packing-plate at g, in combi-
nation with the abutting ends of the tube I,
the elastic and inflatable joint-rings 1, the
clastic and inflatable line-valve strips A" A
A A’, and line-valve chamber G, constructed
and arranged substantially as and for the
purpose set forth. |

15. In a longitudinally-slotted-tube pneu-
matic-motor system, the inflatable joint-rings
I, having suitable chambers therefor at tube
ends, whereby the joints of the tube are
sealed, in combination with the said tube, the
adjustable coupling-box and chair, and the
line-valve strips, substantially as and for the
purpose set forth.

16. In combination with the described mo-
tor system, the inflatable joint-rings and con-
forming chambers adapted thereto, whereby

the end joints are sealed.
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17. In a longitudinally-slotted-tube pneu-

matic-motor system, the combination of the
shoulders f, the adjustable coupling box and

chair, and the screw-bolts passing radially

therethrough, clamping said box and tube to-
oether thereat, oneengaging end of tube made
fast and the other end free to move in slotted
holes for boltsw, whereby end movement of
the tube-sections is limited, substantially as
set, forth. |

18. In a longitudinally-slotted-tube pneu-
matic-motor system, in combination there-
with, the interlocking tube-joints having In-
flatable elastic joint-ring packing and con-

forming packing-chambers, the elastic inflat-
ahle line-valve strips, and the adjustable tube
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- matic-motor system, the separators C C, lo-
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coupling box and chair, whereby said joints
are automatically sealed, substantially as and
for the purpose set forth. |

19. In a longitudinally-slotted-tube pneu-
matic - motor system, the tube-crossing L,
adapted to open and close the tube for the
passage of motors in a direct or transverse
direction and to prevent the escape of mo-
tive fluid into the lateral tube branches or
cross -lines, having provided therefor the
chamber 7/, the conforming rotatable tube-
carrier /i, and tube-section B’ integral thereto,
provided with inflatable line-valve strips and
chambers therefor and inflatable ring-pack-
ing, and means for rotating the said carrier,
as at A'’, or other suitable manner, in combi-
nation with the crossing motor-tube lines and
devices conforming and adapted thereto, sub-
stantially as and for the purpose set forth.

20. In a longitudinally-slotted-tube pneu-
matic-motor system, the separators C C, lo-
cated at and fixed to the pistons IF I in the
position shown and projecting outwardly
therefrom through the tube-slot between the
line-valve strips and adapted to move freely
between the guide-strips of the line-slot, in

combination with-the pistons T F, the elastic

inﬂ_&table line-valve strips A’ A A A/, guide-
strips J, and tube B, substantially as and for
the purposes-set forth.

21. In a longitudinally-slotted-tube pneu-

cated upon the pistons F' ¥ and secured there-
to In an integral manner-in the position
shown and provided with suitable ports or
conducting-channels, as 1 2 3 and 1’ 2’ 3,
having extension-channels and connections,

as shown, in.combination with the-elastic cel-

lular line-valve strips provided with suitable
chambers therefor, the connecting-pistons F

I’y the motor-tube and line-slot guide-strips
having anti-frictional faces, and the receiver |

O, constructed substantially as and for the
purpose set forth. S

22. In -a longitudinally-slotted-tube pneu-
matic-motor system, the separators C C, as
shown, having interior ports and suitable
terminal extensionsand connections, whereby

~ motive fluid may be conducted and its direc-

tion and flow determined by the manual or
automatic action of suitable valves to coact
therewith and provided with rounded points

- or nozzles [, having small end openings and
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lateral apertures at 3, and communicating
side recesses, as I, in combination with the
elastic inflatable line-valve strips, the motor-
tube, the connected pistons F ¥, the piston-
valves and connecting parts controlled there-
by, the driving-bar suitably coupled to a ve-
hicle outside the tube, and the receiver O,
substantially as and for the purposes set forth.

23. In a longitudinally-slotted-tube pneu-
matic-motorsystem, the separators C C, firmly
secured to the pistons in the position shown
in any suitable manner, being wider above
the line of the joint-lips than the space be-
tween them when opened, the under part of

e —

“purpose set forth.
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in thickness opposite the lips, the separator
practically limited to a line parallel to the
tube, whereby the joint-lips are protected

1 the separator and driving-bar being reduced

70

from wear or abrasion by the passing parts, -

in combination with the elastic inflatable

line-valve strip having inwardly-engaging
elastic joint-lips, the driving-bar conforming
with the line of the separators, whereby the
said joint-lips are protected, the motor-tube,
and the line-valve chamber, substantially as
and for the purpose set torth.

24, Theportsl1l’,havingflexible extensions
to the receiver O and horizontal extensions
through the pistons T I to the motor-tube

beyond the said pistons, whereby motive fluid-

may be conducted in either direction to or
from and between the receiver and tube by
means of said.ports,and suitable connections
and valves therefor, the said motive fluid to
be applied and used therethrough, as shown
or as may be required, in combination with
the longitudinally-slotted tube,the elasticin-
flatable line-valve strips, the connected pis-
tons, the driving-bar, and a suitable vehicle
attached thereto, substantially as and for the

25. In a longitudinally-slotted-tube pneu-
matic-motor system, the ports 2 2’, having up-

! ward flexible connections to a suitable valve

or four-way cock, thence to a receiver O,
whereby said conducting-ports may be alter-
nately charged and exhausted to actuate the
piston-valves, having horizontal extensions
therefor through the pistons F I, as shown,
in combination with the separators C C, the
pistons I F, the elastic inflatable lihe-valve

strips; the motor-tube, the driving-bar, the.

receiver O, and a suitably-connected vehicle
on the outside of said tube, substantially as
and for the purposes set forth.

26. In a longitudinally-slotted-tube pneu-

matic-motor system, the ports 3 3°, having
flexible connections to a receiver, as O, suit-
able regulating-valves thereto and apertures
throngh the separators in connection with
side recesses !’ therein, and the inner im-
pinging faces of the elastic line-valve strips,

whereby a suitable fluid-current may con- -

tribute to reduce friction and to absorb heat
from separators, in combination with the elas-

tic inflatable line-valve strips, the line-valve
‘chamber conforming thereto, the tube, the
pistons, and a connected vehicle on the out-

side of said tube, arranged substantially as
and for the purpose set torth. - _

27. In a longitudinally-slotted-tube pneu-
matic-motor system, the combination of the
ports, extensions, valves, and necessary {it-
tings of the ports 1 2 3 and 17 2”7 3" with the

separators and pistons, the receiver, the tube,

the elastic inflatable line-valve strips, and a

connected vehicle outside the motor-tube, ar-
ranged substantially as and for the purposes

set forth. _ _
28. In a longitudinally-slotted-tube pneu-
matic-motorsystem,incombinationtherewith,
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the hollowleonical-ribbed pistons F ¥, con-

nected and articulated as shown, theinterior

balanced piston-valves W W, connected and
articulated and actuated as set forth, and the
separators C C, substantially as and for the
purposes set forth.

29. In combination with a longitudinally-
slotted-tube pneumatic- motor system, the
self - adjusting relieving-coupler P Q, jours-
naled into the frame of a suitable vehicle and
pivoted at m’ m/, being vertically, laterally,
and radially adjustably connected and ar-
ranged substantially as and for the purposes
set forth.

30. In combination with the described mo-
tor, the guide-strips and chamber-cover J J,
provided with anti-frictional guide-faces at
U, as and for the purpose set forth.

31. In the described pneumatic-motor sys-
tem, the balanced regulating-piston valves YWV
VW, connected, articulated, and actuated as
set forth, in combination with the main pis-

tons I I, the tube B, and a suitably-con-
‘hected vehicle outside of said tube.

22. In combination with the deseribed mo-

tor system, the protection-flaps I, secured to

the sides of the slot by bolts w, and the in-
terlocking tongue-and-groove joints of the
flap, and rolled metallic strip 2, arranged
substantially as and for the purpose set forth.

SAMUEL BENSON,
Witnesses:

WILLIAM T'WOMBLY,
A. K. BROWXNE.
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