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To all whom it may concern:
~Be 1t known that I, Lewis W. HARDY, a

citizen of the United States, residing at Chi- .
cago, 1n the county of Cook and State of Illi-

5 nois, have invented certain new and useful
- Improvements in Steam- Engines; and I do

hereby declare that the following specifica-

tlon contains a full, clear, and exact descrip-
tion of mysaid invention, reference being had
to the accompanying drawings, illustrative
thereof, and which form a part of said speci-
fication. B -

My invention has relation to an improved
steam-engine, in which the essential features
consist of an outside shell or box, with smooth
straight interior surfaces, on which the open
ends of the cylinders slide, said smooth sur-
faces also acting as abutments for the steam
within said cylinders. Said outside shell or
box is provided with side plates or heads
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bhaving suitable bearings in which the crank-

shaft works, the crank being inside of said
plates and shell. The pistons, of which there
may be two or more, are placed upon or around
the crank-pin, and are rigidly connected to-
gether. The eylinders,within which said pis-
tons work, are made free to move laterally
back and forth, their outer ends being open
and provided with projecting flanges adapted
to slide on the straight inner surfaces of the
outside shell of said engine, and also perform
the office of & valve in opening and closing
the ports. Saild cylinders are kept in contact
at thelr outer ends with said straight sur-
35 1aces on the interior side of the shell by ad-
justable slide-bars, placed parallel with said
straight surfaces on the inside of gsaid shell
and on the side plates or heads on which the
inner ends of said eylinders slide. The inlet

40 and exhaust portsare contained in the outside
shell, as shown in the drawings. The steam

1s admitted into the outer ends of the cylin-
~ders through ports from the steam-chamber,
opening through the straight inner surfaces

45 of the shell on which the cylinders slide, said
ports being so arranged as to be opened and

25

covered at the proper times by the flanges on.

the ends of the sliding cylinders. The ¢ylin-
ders are provided with central exhaust-ports,

‘rangement of the steam - ports.

‘passages or chambers, I I, extending entirely

bars e e.

[T —

| pistons, and also with relief exhaust-ports,.

which are opened and closed by the outer
ends of the sliding eylinders. The cranlk-shaft
may extend ateach side through the bearings, -
to receive a counterbalanced pulley of suf-
ficient counter-weight to equal one-half of the
unegual balance caused by the pistons being
placed on the crank-pin, the combined
counter-weights in the two pulleys being suf-
fictient to produce a running balance.

Inthe drawings, Figure 1 is a sectional view
through the shell A on theline zx,and through
the cylinders and piston-heads on the central
line, Fig. 3, and illustrates a four-piston en-
gine constructed in accordance with my in-
vention. Fig. 2 is a longitudinal section
through the shell A and heads B B’ on the
line y ¥, ¥ig. 3, showing the location and ar-
Fig. 3 1s a
vertical cross-section through the base K and
the shell A and heads B B', and through two
of the cylinders E E and pistons F' I on the
line v v, Fig. 1, and also throngh the steam-
chest G and reverse-valve H. (Notshown in.
IFig. 1.) Fig. 4 is a perspective view of the
piston-rod ends. | .

- Referringnow tosaid drawings, A isasquare
shell inclosing the working parts of the en-
gine. This shell is provided with two steam

Sy
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around 1t, with which the steam-ports ¢ ¢’ and
b b’ communicate, and is provided also with the
exhaust-passage M, extending along its top,
with which the exhaust-ports J J, ¢ ¢, and ¥
communicate. The interior surfaces on the 8;
four sides of said shell are made straight

and smooth, in order that the cylinders’ may

slide thereon. Saidshell is provided with the
side plates or heads, B B, having therein the
bearings R R, to receive the crank-shaft C. go
~d d are the supports for theadjustabieslide-
These supports are attached to the
heads, and extend in the form of a square
around the shaft-bearing, the upper edge of
said supports being beveled to correspond with g5
the beveled edges of the slide-bars ee. Said
slide-bars are made with their outer surfaces
flat and their inner surfaces beveled, as shown
in the drawings, and are held in position by

50 which are opened and closed by the moving | means of one or more bolts extending through oo _

70
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slotted holes in the heade and provided with | said steam- ehmmber are s0 arranged that they

suitable nuts. By ti ghtemng or loosening the
nuts the slide-bars will be raised or lowered.
D is the crank-pin to which the four pistons

F F F F are attached. These pistons are rig-
idly connected together, and, as shown in I‘Jgs '

1 and 4 of the drawings, three of said pistons
are of one piece, the fourth with one-half the

- box around the crank-pin forming a separate

. IO

piece, the two being bolted together. The pis-

- ton-heads are hollow and open at one end, and

- are preferably made somewhat longer then the
- length of the stroke.
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k & are packing-rings in the piston-heads.

E X I E are the ey]mdels These are open
at both ends, and are made free to move back
and forth laterally, the outer ends being pro-
vided with the flanges [ /, having smooth flat
surfaces adapted to slide upon the inner sur-
face of the shell A. Near the inner ends of
each eylinder, on the sides next to the heads,
are two lugs, m m. These lugs have their in-
ner surfacessmooth and parallel with the outer
surfaces of the flanges { /, and are intended to
slide upon the slide- bars e e.

G 18 the steam-chest, and « is the inlet- 1)01b
into the steam-chest, and b1s an inlet-port from
the steam-chest into the steam- chamber I,
when the reverse-valve H is in the pOE:lthll
indicated in the drawings, while ' is an ex-
haust-port opening from the chamber I” under

- the wvalve-seat, whence the exhaust-steam
- passes through the port ¢ into the exhaust-

35

chamber M.

- yis the exhaust-port through wh](,h the ex-
haust-steam passes from said exhaust-chamber
M. By reversing the valve H, ¥ becomes the

inlet- port, and b the exhaust- porb

40
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¢ 4" are ports opening from the steam-cham-
bers I I, respectively, ¢ being an inlet- port
and i a relief exhaust-port when the engine
runs in one direction, and vice versa when

the engine is reversed and runs in the oppo-

site direction. These ports, where they open
into the cylinders, are elongated, as shown in
Fig. 2.

J J are 0pe1111ws fI om the 1nter10r part of
the engine into the exhaust- chamber M,
through which the exbaust-steam adlmtted

through the central exhaust-ports, j 4,passes.

If desired, the ports j 4 may be dispensed
with and the steam exhausted through the

- ports.4 ¢, in which case the openings J J may
“Dbe closed.

55
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It is evident that the sole office of the steam-

chest G and valve H is to make the engine
reversible, and where a non-reversible engine

only is reqmred such steam-chest and valve

may be dispensed with and a direct connec-

tion made between thesteam-boiler and steam-
chantber I through the steam-pipe.

The steam is admitted through a pipe from
the boiler into the steam-chest G through the
inlet-port a,and thence passes through the port
binto the steam chamber 1, extending around

will alternately be opened and elesed by the
reciprocating or sliding motion of the eylin- 7o
ders, the flanges [ I of sald cylinders, during
half of the revolution of the crank, covering
two of sald ports in succession, while the other
two are openinto the outer ends of two of said
cylinders. The exhaust-portsi’ ¢ 4" i’ arealso 75
arranged 1na corresponding manner; but their
positions are reversed, so that the two cylin-
ders open to exhaust are always on opposite
sides of the engme from those open to receive
steam. 80
In Fig. 1 the erank- -pin 1s shown at the end
of the upstroke of the piston of thelower cyl-
inder. In this position said lower cylinder
has just opened to exhaust through the cen-
tral exhaust-ports, j 7, while the piston of the &85
upper cylinder has reached the end of its
stroke. Thesteam-port i is now openinto the
left-hand c¢ylinder, while the exhaust-port ¢
is open into the opposite right-hand cylinder.
The movement from this peSltlen 1s as fol- go
lows: The steam acting on the outer end of
the piston K in said left-hand cylinder car-

ries said piston forward to the end of its

stroke, moving the erank through about one-
quarter of a revolution, all the other pistons 9
at the same time moving in like manner and
an equal distance. The movement of said pis-
tons, 1t will be observed, is a compound or
gyratory movement, the center linés of said

i |

pistons and their cylinders always maintain- 100

ing a position radial to the crank-pin. The
cylinders, being confined between the flat
sides of the shell A and the slide-barsee ¢ e,
are made to slide along said bars in the direc-
tion of said vertical or lateral movement of 103
the pistons, respectively. From the position
indicated in the drawings the direction of the
piston movement is to the right and down-
ward. This will carry the cylinders working
on the vertical sides of the engine downwald 110
closing the steam-port ¢ and exhaust-port ¢’ |
just before the end of the quarter-stroke,
and opening the central ports, j 4, on the lefb-
hand cylinder to exhaust. At -thesame time |
the eylinders working on the upper and lower II5
sides of the engine will be carried to the
right, opening the steam-port ¢ and the ex-
haust - port ¢ at the commencement of the
movement, 8o that the steam is acting contin-
uously on two of the four cylinders in said en- 120
gine, and always at the best point of leverage
on the crank. The steam exhausts through
the ports 7 7 1n the several cylinders into the
inside of the shell, and thence passes through
the openings J J into the chamber M, and out 125
through an exhaust-pipe at 4.

The ports " 4" ¢ i" are designed as relief ex-

| haust-ports, to remove the compression of the
The operation of my engine is as follows:

air in the cylinders that would otherwise oe-
cur on the back-stroke of the pistons, although 130
these parts may be used, as hereinbefore
stated, as exhaust-steam ports, and the ports
7 7 dispensed with. In that case the exhaust-

the engine. The ports< ¢ 4, 0pen1nﬂ*_f10m | steam would pass into the chamber I and
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thenee through the port b, under the valve- | the bore of said cylinders, the central lines of

o

seat, and through the port ¢ into the exhaust- | which are always radial to the crank-pin.
chamber M; or “the exhaust- -pipe may be con- 3. Inasteam-engine, the cylinders E L, open
- nected dlrectly with the chamber 1. at both ends, and having the terminal exhaust- 45
5 Instead of four eylinders, as shown in the | portsy j, and provided a,t their outer ends with
drawings, my engine may, by a mere mechani- | flanges [ /,- having smooth sliding surfaces
cal change in the form of construction, be | adapted to reciprocate on the straight interior
made with only two or three cylinders; but | surfaces of the shell A and operate as valves
the best results, it is believed, will be ob- ! in opening and closing the ports ¢ tand4¢. 50
15 tained from four eylinders. | 4. In a steam-engine, the pistons I I, rig-
Having now fully described my invention, | idly connected together and centrally swung
what T elaim as new, and desire to secure by | on the erank-pin D, when used in connection
Letters Patent, 18— with the reciprocating cylinders E I, and |
1. Animproved steam-engine, consisting in | shell A, having smooth interior surfaces, sub- 55
r5 its essential principle of an outside shell or stantmlly as and for the uses and purposes |
box, A, having the steam-chambers I I, ex- fspemﬁed
| haust- clmnber M, steam-ports b b and ¥’ b" o) 5. In a steam-engine, the outside shell or
and ¢ 4/, and ethtust -ports ¢ and y, or thelr_ box, A, having smooth interior surfaces, on
equivalents, and having straight mterior sur- which the outer ends of the cylinders recipro- 6o
20 faces, on which the outer ends of the ecylin- | cate, said shell bunn provided with heads or
ders of the engine reciprocate, and being pro- | side. plates, B stedm elmmbel I I, exhaust-
vided with heads or side plates, B B, having | chamber M, “md ports it 4 b b, and ¢,
the bearings R R for the shatt C, the pistons I substantiall y as and for the uses ‘“md PUrposes
If, 1‘101(11}; connected together and centrally ! spectfied. : 65
25 swung on the crank-pin D within said shell A, 6. In asteam-engine, the combination ofthe
the center lines of said pistons always bemn* cylinders B L, lnvmg a reciprocating motion
radial to the crank-pin, and the cylinders K E:, at right mlgles to the bore of said cylinders,
having the flanges [ /, made to slide upon the | with the pistons If I, swung upon the crank-
inner surfaces of the shell A, and the lugs mm, | pin and having a compound or gyratory mo- 70
30 made toslide upon the slide-bars ¢ ¢, saild cyl- | tion caused by the movement of Lhe crank,
inders being confined between said slide-bars | substantially as specified.
and said interior surfaces of the shell, and 7. In a steam-engine having reciprocating
having a reciprocating motion parallel with | ¢ylinders and pistons therein centrally swang
~ said slide-bars and interior surfaces and at | on a erank-pin and operating thereon within 75
35 right angles to the bore of said cylinders, | an outside shell, the adjustable slide-bars ¢ e,
caused by the compound or gyratory motion | for the uses and purposes specified.
of the pistons, all constracted and arranged 1n | T o
manner substantially as and for the uses and LEWDS W. HARD x.
purposes specified. Witnesses: |
40 2. Inasteam-engine, the cy]mdersE]jJ, hav- WILLIAM A. COLEWLm

ing a 1‘&011)1"0(3&13111{" motmn at right angles to t

VILLA B. DONTHELL.
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