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7o all whom it may concern: |
Be it known that I, W. C. TURNBULL, of

the city and county of Baltimore, and State

of Maryland, have invented certain new-and
useful Improvements:in the Construction of

Compressed-Air Engines; and Ido herebyde- |

clare that the following is a full, clear, an
exact description of the construetion and op-

eration of the same, reference being had to

the accompanying drawings, in which—
Figure 1 represents a perspective view from

~ below of a truck and a compressed-air engine
attached toit. Fig. 2 represents a longitudi-
“pal vertical section through said air-engine.

Figs. 3 and 4 represent detached views, here-

~ inafter to be referred to.

T am aware that an air-engine has-been de-

seribed which was: to bé propelled by com-

pressed air that was carried by the engine in
suitable air-reservoirs connected therewith;
but such engines from some fatal defect have
never become practical or even used, and 1

“do not know that anything further than mere
theorizing has been done in this line.

I have proven by actual experiment to my
own satisfaction that an air-engine for street-

railroads more particularly can be propelled
“economically for several miles with the com-

pressed air, which the car or engine can-carry

- with it in suitable compartments, from which
it is supplied to the cylinders; but it is nee-

essary to the economical use of this com-
pressed air so carried that it should be. ad-

mitted to the eylinders in regular or uniform
volumes, while the body of the compressed
air is ‘constantly diminishing in power by
~ every stroke of theengine. Lo effect this ob-

ject, I use a cut-off, which is operated by the
pressure of the air in the reservoir or-com-
partinents, so that as the air expands or be-
comes less powerful a greater quantity shall
be admitted to the eylindérs, and thus make
up. in quantity what the air has lost in demn-

sity or power. ‘Working compressed alr from

o veservoir which is not being constantly re-

plenished, but constantly exhausting, is an,

entirelv different thing from applying steam
by a ceut-off where steam is constantly being
added to the steam-chamber, for in one case
thesupply of power diminishesby every stroke

of the engine, while with steam it may be in-

creasing notwithstanding the supply that is

. constantly taken away to work the engine, or

at least kept at a uniform pressure. |
My object is to make an engine or car that

is to be driven by the compressed air, which
it carries with it, for street-railroad purposes, -
the engine or car to be supplied from reser-

voirs of comptessed air at stations where it
is prepared previously, and to have this air
automatically supplied to its eylinders in uni-
form quantities'by a cut-off that is governed
by the pressure of the air in-the compart-
ments whicli earryit, though that pressure be

_constantly diminishing,and 1 propose tocarry

this compressed ajr in cylindérs or in and
about the engine or car, as may be most gon-
venient, the space overhead, or under thecar,

or under the seats, or between the walls of -

the car being, if found essential, used for this
purpose. - | .

o enable others skilled in the art to make
and use my invention, I will proceed to de-
seribe its construction and operation. |

A represents the frame of a car, carriage,
or engine, which is supported.by the wheels.

B, they being secured to the axles C, which
turn in suitable boxes D. | |

" E represents two airzholders, which are se-
cured tothe truck A, and into whichthe airis
admitted, which is used for driving the en-

F represents the cylinder, (oneonly being
shown, but I purpase using two and arranged
like locomotive-cylinders,) which in its con-
struction is similar to a steam-enging cylin-

‘der, the compressed air acting on the piston

G in a similar manner as the steam does on.
the piston of a steam-engine. | .

. H represents the piston-rod, I the connect-
ing-rod, and-K the crank by means of which

one of the axles C is driven.

- L represents- a slide-valve or cut-off. It

works within the chest P, and is similar in

its construction to a steam-engine valve. It
is operated from the eccentric M by means of
the lever N, which turns on the fulcrum or.

‘shaft «, the rod o of the slide-valve L being

secured to the pivoted sleeve U, by means of
which the length of its stroke can be adjusted:
- represents an air-chest, into which the
compressed air passes when it escapes from
the air holder or compartment, and which sup-
plies the airschest I with a regular volume of
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~air for each stroke of the piston, the slide--
valve d entting off the air quicker when. the
same is under high pressureand slower when
1t is under low pressure, and the compressed
‘air in the air-holder acting so as to regulate
“the motion of this eut-off, This operation is
performed by the application of the hersin--
after-deseribed devices, which constitute o
principal .part of my invention. The com-
bressed airescapes from theair-holderthrough.
the pipe R, which ‘may be opened or ciosed
by means of an air-cock 8. This pipe com-
municates with the in terior of adome T, which
18 secured to one of the air-holders or com-
partments E. The compressed air entering
this dome presses on an elastic diaphragm 7,
which is secured within said dome or cham-
ber. '. o |

'U represents a stem which is sectired to the
digphragm f, and to which the volute or heli-
cal spring g is secured. 'The outer coil of
-8aid spring rests on the rim : of the chest T,
The end of the stem U is pivoted to the lever
V, which turns on the fulerum 7, while the
longer end of the lever V is connected by
means of a link X with thep
- the rod m of the cut-off d is

W ‘represents a rock-sha
bearings in the journal-box
ated by means of the eccentric 1
Y i3 pivoted to the arm O of said shaft W
The end of this shaft is bentin the shape rep-
resented in the drawings, and the bent end .
can freely play within a swivel-nut 7, which
is pivoted to the flat portion of the.connect-
ing-rod /.

pivoted.

it which has its
88 7. 1t i8 oper-
X, whose rod

The operation of this apparatus is as fol-

lows: The air-holders K being filled with com -

pressed air, the air-cock S is opened, and the |

compressed air passes into the chamber T
and thence through the pipe Z into the air-
chest Q, wheunce it passes throngh the ports
1 ¢ 1nto a second air-chest; P, and thence
through the port 3 into the eylindar F.  The
pressure of the air being very high when the
maching is started it causes the diaphrag
to distend and presses the stem U downward.
'This motion causes the lever V to turn on its
fulerum %, Figs. 3and 4, and to sli p the swivel-
nit ¢ on the shank p of the rock-shaft W,
whereby a proportional long stroke is im-.
parted to the side d, which thus cuts off the
air quickly and-adniits only such a volume of
air into the chest P asis necessary todrive the
engine at a certain speed. As the pressure
of the airin theair-holder decreases, the stem
U is raised by the action of the spring g and
‘the swivel-nut ¢ slides nearer to the line of
the axis of the rock-shaft W; and the stroke
of the rod [l is shortened, which causes the
poris 1 and 2 to remain opposite each other
~for a longer period of time, and thus to pass
~ an equivalent volume of air into the cliest P
at a low pressure as was admitted before
at a high pressure and for a shorter pe-
riod. This operation continues until the

pressure of air in the air-holder is so low

itman [, to which

]
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that the fulerum of the swivel-nut ¢ is in the-
‘elongation of the axis of the .rock-shaft W,
when the motion of the slide d will be alto-
gether arrested, and there. will -be an unin-
terrupted, ecmmunieation between the air-
‘holder and theair-chest P, and the slide-valve
L alone admits and cuts off theair, the ona d
beidg inactive. During the operation.of the
engine the motion of the cut-off L is not va-
tied; and itaets in the same manner as the
| cut-off of a steam-engine, passing the com-
‘Pressed air alternately th rough the perts 3 to -
the front and to the rear of the piston G4, and
stroke to escape

causing the same after each
torough the exit orexhaust port 4,
“The fulerum },.of the lever V ean be ad- .
justed so as to adjust the length of the arms
01 said lever. This is effected by the follow-
ing devices: The pin Ji turns in the ‘body of
a slide 7, which.can be moved over the brace
¢ and can be secured in an y desired position
by the set-serew 5, and said pin i8 secured to
the sleeve {, which can be moved over the
lever V, and can be secured thereto by a set-
serow 6, thus affording two adj ustments—one
on the brace sand the other on the lever V—
by which theaction of this regulating appara-
tus .can be adjusted with the greatest accu-
| racy.. The two air-holders A4 are connected
to each other by a pipe v, by which the den-
sity of the air in both holders remains the
same, ‘T'hus it will be Seen that the veloeity
~of the engine ig the same throughout the dif-
ferent degrees of pressure of .the sir- by which
it1s driven, &8 the air is cut off quicker while
| under-high pressure than when under low
pressure, aud that this cut-off is operated by
| the pressure of the airitself in the air-holder.
A lever can be applied to the air-valves or
Lheir rods; so\that the engineer or conductor
from his stard on starting his car or engine
may let on a greater volume of air than the

I

cut-off wonld supply. _
| "The air holders or compartments may be
| instantly filled by connecting them with the
main supply-reservoirs at the station or end
of the route, which reservoirs are kept sup-
piied by steam orother power through an air-
pump. A pair of cylinders which I have used
in my expériments have held a volume of air
compressed to three hundred pounds to the
square inch, and I see no difficulty in holding
and carrying air at twice that pressure. |
. 1t is well known that heat applied to air
inereases its expansive properties, and I pro-
pose 1o apply to my car or engine, should it
be found advantageous to do so, a chareoal
fire or gas-furnace, by which the air may be
heated to increase its expsansive properties
by passing the air-pipes through, over, or
around said fire or flame. Other fires or heat
may be used; but the sparks and smoke in a
| city would be dangerous and annoying.
I have desecribed-the valves as operated by
' eccentrics on the axles of the driving-wheels;
but of course the air may be let on by the
conductor or engineer with an ordinary start

\
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ing-bar and worked by hand, when 50 pre-
ferred. . |

fiaving thus fully described tlie nature of
“my invention, what I claim tliersin as new
and desire to sécure by Letters Patent is—

The application to compressed-air engines
of an expansion cut-off which is vperated by
~ a positive motion, but the stroke of which is
vegulated antomatically by the pressure of
ihe air in the air.holder or reservoir, so as to

admit a volume of alv of a certain density

directly to and allow it to expand in the eyl-

inder for each stroke of the piston as 1s nec-

essary to drive the engineat a certain speed,

substantially in the manner herein described.

| W. C. TURNBULL.

Witnesses: o ' .

| WM. H. HAYWARD,

J. F. WAGNRR.
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