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UNITED STATES

PaTeENT OFFICE.

GEORGE F. SWAIN, CALVIN L. SWAIN, AND WILLIAM O. WORTH, OF CEDAR
RAPIDS, AND JOHN DANIEL WORTH, OF MASON CITY, IOWA.

STEAM-ENGINE.

SPECIFICATION forming part of Letters Patent No. 419,378, dated January 14,1890, -
Application filed November 21, 1887. Renewed Fobruary 1, 1889, Serial No, 298,380, (No model.)

To all whom it may concern:

Be it known that we, GEORGE F.SWAIN,
CALVIN L. SwAIN, and WILLIAM O. WORTH,
citizens of the United States, residing at Ce-

5 dar Rapids, in the county of Linn and State
of Towa, and JOEN D ANIEL W ORTH, a citizen of
the United States, residing at Mason City, in
the county of Cerro Gérdo and State of Towa,
have invented certain newand useful Im-

10 provements in Steam-Engines, of which the
following is a specification.

This invention relates to engines in which
the working parts are inclosed in a rectangu-
lar shell, the eylinders having open ends slid-

15 ing on the smooth inner surface of saidshell,
and the pistons being connected rigidly to each
other and being on opposite sides of the
crank-pin of the crank-shaft mounted cen-
trally in said shell, whereby the pistons and

20 cylinders have reciprocal movements perpen-
dicular to each other.

The object of our invention is to-improve
this class of engines. by such a construction
as will decrease friction, facilitate the adjust-

25 -ment and lubrication of parts, and provide
for the better and more economical use of
steam than hitherto. o

The invention consistsin the construetion,

combination, and “arrahgement of parts, as
.30 more fully hereinafterset forth and claimed.

In the accompanying drawings, forming a
part of this specification, Figure 1 represents
a front elevation of an engine embodying our
invention; Fig. 2, a longitudinal section of

35 the same in the line of the center of the main
shaft; Fig. 3, a transverse section of the same,
central as to the cylinders and their immedi-
ate connections and on the line & % as tothe
shell; Fig. 4, a central vertical section of the
shell, showing the arrangement of the steam-
passages; Fig. 5, a horizontal section of the
shell in the line vy y of Fig. 3, showing also
the internal parts in their proper position;
Fig. 6, a horizontal section of one of the cyl-
45 indersand pistons, showing the adjustment of

the box on the crank-pin; Fig. 7, a front sec-
tional view of the same; Fig. 8, afragmentary
view showing a moditication in the device for
adjusting the box on the crank-pin; Fig. 9, a

5o modification of the device for adjusting the

cylinders endwise; Fig. 10, Sheet 3, an end

40

view of one of the eylinders, showing the ar-
rangement of the packing-ring; Fig. 11, a
fragmentary view showing the same in lon-
gitudinal section with a provision for forcing g5
the ring outwardly by steam-pressure, and
Tig. 12 a similar view showing the applica-
tion of a spring for the same purpose.

Similar letters of reference indieate corre-
sponding parts. 6o

The operative parts of the engine are in-

{ closed in a rectangular shell A, which, with

its heads B B, forms a nearly cubical box.
Suitable boxes I3’ B’ are formed on these :
heads and serve as bearings for the crank- 65
shaft C. The two opposite ends of the shell
inside are made perfectly plain and smooth,

and on these surfaces slide the flanged ends

of the cylinders D D, which are open at both
ends. Pistons E E, which, when connected, 70
constitute practically one piston, are fitted to

the inside of these cylinders and journaled

on the crank-pin in the middle. The top and
endsof the shell are chambered to form steam-
ports I F” and. exhaust-ports G, which com- 75
miunicate with the interiors of the cylinders
through openings in the inner face'of the
shell upon which the cylinders reciprocate.
These constituie the essential features of the
engine, to which thefollowing improvements' 8o
more specially relate.’

In the operation of this engine, as has al-
ready been explained and as the drawingsin-
dicate, the cylinders, as well as the pistons,
have & reciprocal movement, and this is of 83

course perpendicular to that of the pistons.

‘When arranged, as in the drawings, with two
horizontal cylinders, their motion  will of
course be vertical and that of the pistons
horizontal. The effect of this is naturally to go
produce an unequal strain.on the crank-pin

C’ at different points in its revolution, owing

to the weight and friction of the cylinders.

To counterbalance this weight we mount a _
counterbalance-wheel H on each side of the ot
cylinders and inside the shell, which is miade
wide enough for that purpose. The counter-
balances need not for the counter-weight
alone be necessarily a complete circle on the
periphery; but in practice we make them so, 100
the better to aid in the lubrication of the en- .-
gine, as will behereinafter explained. It will
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" be observed that the flanges D’ of the cylin-
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ders project laterally as well as.vertically,
and the counter-balances occupy the space
between these flanges, as shown in Fig. 5.
They arve thus entirely concealed from ob-
servation, and, being two in number, help to
balance the shaft laterally, and may be ac-
curately adjusted to the counter-weight of
the eylinders.

In this style of an engine it is evident that
the longer the distance between the ends of
the eylinders which bear on the inner face of
the shell the greater will be the relative fric-

tion to be borne by the crank. Itisdesirable,

therefore, to make the cylinders as short as
they can be made and at the same time allow
for the stroke of the pistons. This we accom-
plish by coupling the pistons on the.crank-
pin very closely together and correspondingly
reducing the length of the cylinders. By re-
ferring to the drawings it will be seenthat
the box for the crank-pin forms.a part of the
piston, being in the nature of a bridge across
the ends of said pistons. The two are.con-
nected by suitable bolts ¢ «, which in prac-

tice we maketo extend the whole length of the.

two pistons and through the central bridges
b b’, whereby.the conneetion is stronger than

if the boelts simply passed through the bridges:

alone. - To allow for the passage of the sides
of the erank in its revolution the sides of the

piston.are. cut.away for some distance back

from the boxes, as shown in Figs. 3 and: 6.

The greatest-amount of wear onthe piston:
is of course on the top.and bottom, and to

equalize this wear as much as possible, as well
as to prevent excessive -friction at the ex-
tremes of . the piston, a portion of the upper

and lower face of :the pistons (which unite
to form . the piston .proper) is carried flush'

with said:face to.the meeting-point in.the
middle. The piston thus has on its upper
and lower sides a continuous bearing-face its

entire length, as will be seen by reference to.

Fig. 3. Forthesame reasons the correspond-
ing portion of the cylinders. are made con-
tinuous to their meeting ends, and thus, as.to

the upper and lower sides, where there is the:
greatest friction, form practically one eylin-:

der,in which the whole contigunous surface of
the piston may play.
the cylinders are cut away to allow for move-
ment across the crank-shaft. In practice we
match the ends of these parts, the pistons
and the cylinders, by counterboring one part

and forming a shoulder on the other, as shown:

in,Fig. 3. This might be dispensed with in

the case of the piston-connection, but is quite:

essential in the case of the cylinders which
have no otherlateral connection. The ¢ylin-

ders are adjusted to the wear on their ends
by means of a bolt ¢, having a wedge-shaped
head set in a suitable socket formed in.pro-
jections of the cylinders d d on the upper:
and lower sides thereof. The adjustment
may be made positive by nuts e on the bolt,
or, by interposing a spring fbetween the nuts

cylinders.

Between these points:

419,378

and the socket portion, the cylinders may be
automatically adjusted to the wear or expan-

sion of the parts.

"The box for the crank-pin ¢’ has an adjust-
ment on the pin as follows: One portion of
the bridge b’ has arecess formed therein, and
in this recess is placed the movable half of
the box A. The adjustment may be effected
in a variety of ways; but that shown in Fig.
6 is preferred, as it is simple and automatic.
In this the inner part of the back side of the
recess is doubly beveled, as shown in Fig. 6.
Between this hevel and the back of the half-

‘box h are placed two wedges ¢ ¢, which are

forced apart by a spring k. Instead of this
automatic adjustment the same may be posi-
tive, a simple device for that. purpose being
shown in Fig. 8, in which a wedge-bolt ¢’ is
interposed between  the box -and the bridge,
and is -adjusted and set by .suitable .jam-
nutsl/. ‘

In addition to the means already described
for adjusting the eylinders. endwise, we pro-
vide.said cylinders with means whereby the
pressure of the. steam:tends to .seat them

-againstthe plane.surface of the shell on which

they slide. This construction -is shown in

Figs. 3 and 6, and consists:in an internal an-

nular flange. d’, made by, counterboring -the
The; back-pressure of the steam
against this:flange tends. of .course to force
the cylinder.againstits seat;and thus prevent
any chattering or leakage at this point.

“To compensate-for any. slight irregularity
in the surface of the back ends of these cyl-
inders, and to provide for the most perfect
seating of them, we further supply them with
an adjustable ring m, which is let.into the
back face of .the cylinders in an annular
groove formed therein. The fitting is. suffi-
ciently loose to allow the ring to.slip in and
out in the groove, and for automatic adjust-
ment springs may be placed under the ring
in a common and well-known way, or holes
may be made in-the flange d’;leading back to

the groove n, and the back-pressure of the

steam. will then serve for adjustment.

The shell A is mounted on a hollow base:J
with a water-tight joint. 'Fhrough . the bot-
tom.of the shell and the top of the.base we
put a number of holes o o—in practice six or
eight—and. preferably toward.the outside, as
indieated. In this . base. we place a quantity
of oil or oil and water, the surface of -which
should be high enough in:the shell so that
some part of the internal mechanism comes
in contact therewith. This is preferably the
periphery of the counterrbalances H H,which,
being continuous and uniform, carry the oil
in a steady stream and throwit over the other
working parts. ’

It is: important that the bottom of.the shell
should be closed with the exception of the
perforations, since a medium is:thus inter-
posed between the upper stratum of oil and
the lower strata of oil and water, and .this
medium prevents that undue agitation of the
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oil and water which is common where the
c¢hamber is quite open, and which. tends to
intimately mix the two liquids. By this ar-
rangement there is little or no agitation of
the liquid below the top of the base, and the
water is therefore free to settle to the bottom
and entirely separate from the oil. The oil
is kept at a uniform level in the shell by

* means of an overflow-pipe K,communicating
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with the lower part of the base and with the
water alone and having its upper opening at
the proper level. ' :

In practice we first fill the base with oil up
to the proper level, and this supply serves
continuously for several weeks, since thereis
comparatively little waste,and what there is
is compensated by the condensation of the
leakage steam inside the shell, which, set-
tling to the bottom, keeps the oil at a uniform
level. Anyexcessof condensationisof course
carried off by the overflow-pipe. Provision
is also made for returning to the interior of
the shell any excess of oil in the boxesof the
crank-shaft B’ B’. This consists in pipes L
L, communicating with the insides of the
boxes and of the shell, respectively.

The sides and top of the shell are provided
with chambers, which serve as the steam-ports
F F’.and the exhaust-port G. The exhaust-
port is made continuous from one side of the

shell to the other; but the steam-ports are

separated at the upper part of the shell and
communicate with separate steam-passages
in the steam-chest M, as represented in Figs.
3 and 4. The steam-chest is provided with a
suitable valve N, the stem p of which con-
nects with a bell-crank O, and this by a ball-
and-socket joint with the connecting-rod of
the eccentric P. This eccentric may be con-
necied directly with the governor, and the
action of the valve be thus automatically
regulated.

It will be observed that the steam-chest has
but two ports, and these are the steam-ports,
the exhaust being isolated from the steam-
chest and not controlled by the valve therein.
In practice we arrange these ports in the man-
ner indicated—the steam-ports .on one side

and at opposite ends of the shell and the ex-

haust-port on the other side and extending
through the ends and top of the shell; but
the opening of both the steam and exhaust
ports to the interior of the shell should be
central therewith, and is preferably a portion
of the circle forming the bore of the eylin-
ders. The effect of this construction is of
course to give the quickest possible admis-
sion and exit of steam to and from the cylin-
ders. In so arranging the openings of the
steam-passages it is necessary that the ports
should partly cross each other, and this may
be done by interposing a diagonal diaphragm
A’ at the place of crossing, as shown in Fig.
5. As the steam-valve operates entirely in-
dependent of the exhaust, the admission of
steam to the eylinders may be regulated to
suit the requirements of the engine without

in the least affecting the said exhaust, which
is controlled entirely by the passage of the
cylinder past the port at the speed of the
crank-pin. This quick opening of the port,
of course, insures a very free exhaust. By a
proper adjustment of the steam-valve it may’
be made to cutoff at any desired pointin the
stroke of the piston. Thus the ports may be
filled with -steam at the boiler-pressure and
then cut off on the opening of the ports be-
low, or the opening may be simultaneous
therewith or otherwise, as desired. In this
way the quick opening of the lower ports may
be taken advantage of without waste of steam,
or the steam may be admitted to the ¢ylinder
during the whole time that the lower steam-
porb remains open by a simple adjustment
of the eccentric on the crank-shaft.

Having thus described our invention, what
we claim as new, and desire to secure by Let-
ters Patent, is—

1. In a steam-engine the cylinders and pis-
tons of which have a reciprocating motion

7c

75

8o.

go

perpendienlar to each other within a rectan-

gular shell, the combination of an exhaust-
port wholly within said shell and adapted to
be opened and closed by the movement of the
cylinders, steam - ports similarly adapted to
be opened and closed at their lower extremi-
ties and at their upper ends terminating in
separate steam-passages in a steam-chest, and
adapted to be opened and closed at this end
by the independent action of a valve having
a reciprocal motion through suitable mech-
anism, substantially as and for the purpose
set forth. ’ ‘

2. In an engine 0f the class specified, the
combination of the shell A, having the ex-
haust-port G isolated from the steam-chest,
and the separate steam-ports opening at the
lower ends in opposite sides of the shell and
at the upper ends into separate passagesin a
steam-chest, the steam-chest M, provided with
the valve N, and means, substantially as
specified, for imparting independent recipro-
cating motion to said valve, substantially as

.and for the purpose set forth.

3. In a steam-engine of the class specified,
the. combination of the outer rectangular
shell within which the cylinders reciprocate
perpendicularly to the motion of the piston,
cylinders joined closely together in the mid-
dle at the top and bottom, with an opening
in the side for the crank-shaft, and provided
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with a socket at the top and bottom, a wedge- -

shaped plug in said socket, and. a spring
adapted to force said plug toward the nar-
rower part of the socket, whereby said cylin-
ders are forced apart and automatically ad-
justed endwise, substantially as set forth.

4. In an engine of the class specified, the
combination of the pistons E E, having the
bridges b 0’, one of said bridges forming one
half of the box for the crank-pin and the other
with a recess adapted to receive the other

123

130

half of the box h, wedges in said recess be- -

tween the half-box and the bridge, and means,
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substantially as specified, for{set'tiqng up said
wedges for the adjustment of said box.
5. The combination of the pistons E E,

having the bridge portions b b/, with a re- |
in presence of two witnesses.

.cess in one of them to receive an adjustable
half of the box for the c¢rank-pin, the wedges

1 7 between said half-box % and the back of |
the recess, and a spring %, adapted to set up |
said wedges and aulomatically adjust said box

to the crank-pin, substantially as set forth,

6. In an engine of the class specified, the
combination of the shell inclosing the work- |
| presence of two witnesses.

ing parts of the éngine;a hollow base therefor

adapted to hold oil and water, and a separat- |
ing medium between the interior of the shell |
and of tlie base to prevent agitation of the |
conterits of the base, but perforated to atlow |

' the oil to flow up into the shell as raised by

the water in the base, substantially as speci-
fied.
In testimony whereof we affix oursignatures

20

GEO. T, SWAIN.
CALVIN L. SWAIN.
WILLIAM O. WORTH.
Witnesses:
HEeNRY RICKEL,
E. H. CROCKER.
In testimony whereof I affix my signature in

JOHN DANIEL WORTH.
Witnesses:
W. H. COTTERELL,
GEO. VERMILYA.




