—-Sheet 1.

2 'She-ets

J. ERICSSON.
STEAM ENGINE.

- (No Model.)

V22, erelor:

L]
L]

R

g L s L L L L Ll ut

. LY
:
.-..l.rf .l.l__r.'__ll.l..l.l_lrfl_l_.liirﬂ.l..li.lli.iir.l.l_fl.r..r.l_l.l_ ﬁ.ﬂ#b ff.’#fffﬁ
? . ... ..

A4
'-l

- - ——
[ R

T _
ﬂ.\\.\.\.\\..____.\\\h\\h\\\\\\\\\\Hﬁh\i\hﬁq } A YL ZET D

VA

[ 4
+«
Y\.ﬁ.\ FETES IS - 2
\ .f. x ! N = = —r——t—— 1} ’
f ......_ FJ Ao rff.-ﬂﬁ._.flﬂ..!fﬂfﬂfi—fﬁﬂfffﬁffﬂfu.ﬁf -._r.__-__.._r.f.f
! L1

——

L]
. B
NE

Yy
4
F4
"I S
W‘%ﬁ__

! — 1 L e’ - =\ = AN
AT © j o -
_ ! \ . Y -

i h YN e m e
.1'.'".' - 1.'.&"." """"" .— lllllllllllllllllllllllllll
1 N I
i " w7 r . J :
e g _.ﬂ_—

- 1

i i
|
"-".,S L
GHi
L
|
|
1| J

AR = 0

7
7

e

"

Y R T G “_____
=
“.u_..__:....___________.._______q

4 ,.%

Patented Dec. 6, 1887,

Bl i

FTTTT T TIITTTISTSSESTITSTFTETIFTFSFTTSS

T

- - -

f..-"

4
)
!

-

|
SIS TS

A
NN

N. PETERS, Phcto-Lithographer, Washington, D. C.

il

354
]TSLI(

1
.
/!
“*-._‘
-
A

374

No.




(No Model.) ' % Sheets-—-—Sheehf 2.
' J. ERICSSON. -
STEAM ENGINE.

No. 374.364. o _ Patented Dejc.ﬁ, 1887,

N
b{:.
. - l
il 3
Al ‘
\’
kf-*-}
— S
Qr§ Ny
S N

N. PETERS, Photo-Lithographet, Washingion, D. C.




'UNITED STATES PATENT OFFICE.

- JOHN -ERICSSON,

OF NEW YORK, N. Y.

STEAM-ENGINE.

E‘:PECIPICA_TION forminé part of Lietters Patent No.374,354, dated December 6, 1887.

Application filed February 10, 1887. Serial No. 227,009,

[Nﬂ mo:lel.)

Zo all whom ¢t may concermns

~Be it known that I, JoHN ERICSSON, a citi-

~ zen of the United States, residing in the city,
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county, and State of New York, have invented

a new and useful Improv ement in bompound_
Steam-Engines, of which the following is a

5peclﬁmt1on reference being had to the ac-
companying drawings.

The object of this invention is to develop
and ufilize in a compound steam- engine all
the mechanical energy contained in a given
quantity of steam.

In carrying out my invention I construct
the engine with two cylinders only, the said
(‘yllllderS being arranged so that, their pistons
being secured to or connected with the same

| plston rod, the pressure and expansive force
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of the steam may be applied on one side only
of each piston, so that each cylinder and its
piston are only single- acting. |

My invention eonslsts in ce1tam novel com-
binations, hereinafter described and claimed,
of which suach two cylinders and pistons con-
stitute essential parts, whereby the small or
high- -pressure piston 1s made to work against
a pelfecb vacuum in its cylinder thmucrhoub
the entire stroke produced by the a,ctlon of

‘the high-pressure steam upon it, and whereby,

also, at the same time the large or low-pressure
plStOH 15 made to work in ethbrlo the re-
sult being that the whole force due to the

pressure and expansion of the steam in the

- small or high-pressure cylinder is directly util-
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to

1zed without any back-pressure or drawback
whatever, except, of course, what is unavoid-
ably due to friction. |

Figure 1 in the accompanymw drawings is
a Slde view of the principal parts of a hori-
zonval compound steam-engine embodying my
1nvention, the parts not necessary to illustrate
the Invention being omitted. Fig. 2 is a ver-
tical sectional view corresponding with Fig. 1,
except that 1t represents the crank in another
position and the pistons moving in the oppo-
site. direction. Kig. 3.18 a vertical sectional
view, on a larger scqle of the cylinders and
pistons and the ducts and valves of the said
engine, the pistons and valves being in posi-
tion corresponding with the posmon of the
crank in Fig., 1

Similar 1etters of reference indicate corre-

sponding parts in the several figures,

]

A designates the small or lncrh -pressure cyl
inder of the engine, which receives steam di-
rectly from the bmlel

A’ designates the large or.low- -pressure cyl-
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inder, 1nt0 which stea,m is pumped from the

small eylinder A by the piston of the latter.
The two cylinders are arranged end to end
in line centrally with each other, and as close

60

together as is practicable, but entirely sepa-

rate from each other, except that there is pro-

vided between them a steam-duct and a valve,

as hereinafter described, and there is provided -

Dbetween them the stuf:urr box C with metal-
lie packing for the passage of the piston-rod

D, on which are secured the small and large
plstons E ¥/, which are fitted, respectively, to
the small and large cyhnders The said cyl-
inders are fitted at their onter ends with tight
heads, and in one of the said head&——-that of
the large cylinder in the example repre-
sented—there is a stuffing-box, F, for the pas-
sage of the piston-rod D.

Between the adjacent ends of the two cylin-
ders there is a duct, ¢, which, being at the
bottom of the small Cy]inder and communi-
cating with the large cylinder through the end
thereof, is very short, and within this duct

| there 1s a valve-seat, b for a valve, ¢, (repre-

sented as a simple flat Slldlli]ﬂ" plate, )101 open-
Ing and closing communication between the

two cylinders. |
cylinder A there is a duct, d, with which is

connected the steam-pipe s from the boiler,

and in this duct is the seat e for a valve, f,
which, like ¢, is also represented as a simple
flat sliding plate, the said valve f serving to
admit steam from the boiler to the said cyllm
der A and cufb it off therefrom.

At the outer end of the small cylinder A
there 1s an outlet-pipe, g, which may open to
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At the same end of the small
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go

the atmosphere, or may communicate with the

condenser G, as shown in Fig. 1, and at the
connection of this pipe with the cylinder A
there is a valve, A, which is arranged to close
mward but will be forced open by excess of
pressule on its inner side. The large cylin-

der has at its inner end—that 1s to say, the end
next tothe small eylinder—and in valved com-
! munication therewith, as described, a second
or outlet duct, ¢, for commumcwtwn with one
of the bra,neheq of a pipe, H, leading to the
‘| condenser G, and in this duct there is a seat,
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[, for the ‘mlvc 4, which, like ¢ and f, is rep- I the two cylinders, and at the same time the

1esented as a flat plate Shdmn‘ on itsseat. At
the outer end of the cylmder there 1s a duct
or port at &, which 18 always open to the con-
denser through a branch of the pipe H.

The bores of the two cylinders and the sur-
faces of the pistons will have a relative area
according to the intended degree of expansion

of the steam, by which, also, the point 1n j

the stroke of the small piston, at which the
steam from the boiler is to be cub off in the
small eylinder by the valve ¢, will be 1n part
determined. TI'or instance, I may expand the
steam thirty-six times by giving thelarger pis-
ton an area nine times th’tt of the smaller one
and cutting off the steam from the smaill eylin-
der at one- qufutcl stroke.

The valves may be operated by any known
or suitable valve-gear —such as 1s used for
working the Valves of steam ,engines—and
therefore I do mot think it necessary to de-
seribe it; but I will simply describe the move-

- ments of the valves in describing the opera-
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“tion of the engine, which is as follows: Sup-

pose the plstons to be first at the right-hand
end of theirstroke and close tothe cor I‘GSpOI]d
ing ends of their respective cylinders.. The
induection-valve f is now open or opening to

admit steam to the right-hand end of thesmall |

cylinder A,to act upon the corresponding face
of the piston E and move it and the rod D to
the left, the valve ¢ between the c¢ylinders be-
ng closed and the valve 5 between the left-
hand end of the large cylinder and the con-
denser being open. After the valve f has
been closed to cut off the supply of steam {rom
the boiler to the small cylinder, the steam re-

‘maining in the latter continues by 1ts expan-

sive force to act upon the small piston and
move it and the rod D to the left, the valve ¢
remaining closed and the valve j§ remalning
open. DBy this its first working-stroke the said

~piston I expels all ailr from its cylinder A

15

through the valve 4 and pipe g, so that on its

1ct111n stroke, during which the valve h 18
closed, the smd plthH produces a vacuum 1in
its-cglinder, and hence on the second and all

- succeeding working-strokes the said piston

works against a vacuum, which, if 1t should
not have been made perfect by the first work-
ing-stroke and return, must be perfected by
the repeated strokes, and can never be lost.
Whilethesmall plston Isthus working against
a vaecuum, the large piston, which must move
with it, is in equilibrio, for, the valve j being
open, there is free commumcat&on through its
duct ¢, and thence through the duct £, whlch
1s always open, between the two ends of the
large cylinder; hence there 1s no resistance
whatevel oﬂeled to the small piston duringits
working-stroke, except such asis unfwmda,bly
produced by {riction.

At the end of the stroke of the two pistons
and the piston-rod to the left the valve ¢ 1s
opened and thatj 1s closed, so that communi-

the left-hand face of the large

pull.

working end of the large cylinder is elosed to
the condenser, to whlch the other end of the
latter cylinder is always open. The two pis-
tons and theirrods are then caused to be moved
to the right by the great excess of pressure on
piston,due to1ts
vastly-greater area, and the steam is pumped
oul of the small eylinder by its own piston. In

‘'this movement, which 18 the working move-

ment of the large piston, the latter works
against a vacuum as perfect as may be ob-
tained in the condenser. During the first part

of the said movement and up to, say, one-tenth

of the stroke, the power exerted by the steam
on the large piston is comparatively great; but
this produces no evil effect, since the power
diminishes considerably before the crank has
any considerable inclination to the line of mo-
tion of the piston, as may be understood by

reference to Fig. 3, where the parts are repre-

sented in a position near the beginning of the
return movement obtained by the pressure on
the large piston. Moreover, the great power
referred to is exerted by a push; hence1t does
not strain the parts of the connecting-rod by a
Again, it may be mentioned that this
excessive power is exerted during so small a
portion of the rotation that it cannot cause
heated journals. The working-stroke of the
large piston having been completed, on the
valves f and j bemo* opened and the valve ¢
being closed, steam Trom the boiler is AgaIn
admitted to the small cylinder to reproduce
the working-stroke of its piston, as before de-
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scribed, while the face or left-hand side of the -

large piston is completely relieved of pressure

through the duct ¢, which is opened by the

valve 7. This perfect relief of pressure on the
large piston is not delayed, as in the case of &
simple condensing-engine, until the condensa-

| tion of the steam in the condenser has been

completed; but on the instant of the opening
of the valve j the said relief is effected by the
free passage of the steam through the ducts ¢
and & from the front to the back of the large

piston.

In the operation of this engine the small P1s-
ton, as may be understood from the foregoing
deqcrlptlon has three funetions, viz., ﬂlst
that of a working-piston; Second thab of an
alr-pump piston, o produce'avacuum in 1ts
own eylinder; and, third, that of asteam-pump
piston, to pump out the steam from its own
cylinder into the large cylinder, assisted, of
course, by the expansive action of the steam.

It has been hereinbefore stated that the pipe

"¢ may be open to the atmosphere or be in com-

munication with the condenser. It is repre-
sented as communicating with the condenser;
but so far as the Working of the engine is con-
sidered that is immaterial, 1ts purpose being
to provide for conducting away the air and
any steam that might be forced out of the said
cylinder, as hereinbefore described, by the ailr-

‘cation is opened between the adjacent ends of | pump-like action of the piston E throun*h the

[05

IIO

TIS

120

125'

I30




| te,lve h.

(O

374,354

feeling its exterior, to aseertain whether Or not
the pELCle*T_ of the piston-E be in good order,
for while there is no leakage around the Saiu
piston the said pipe will remain cool; but if
there besuchleakage the said p] pewill beceme
hot.

Among the merits of this engine, bemdes the

‘absence of all back- -pressure against the high-

pressure piston, and the low-pressure piston
being placed in equilibrio during the working-
stroke of thehigh-pressure pleton may be men-

~ tioned 1its freedom from long steam passages

I3
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and ducts, whichinvolve so mueh loss in clear-
ance and by radiation, and the simplicity of
its construction, and espema,lly the simplicity

of the valve system, there being but three !

valves, and those of the simplest knee n kind—
viz., mere flat plates working over single ports
w113hout circuitous ducts or passages.

The cylindersand pistons might be arranged.
in any position from ver tlcal to horizontal;

‘but the horizontal arrangement whieh I have

represented serves as well as any othel for

illustration. _. |

- What I claim as my invention is—

1. The combination, with the high- pressure
cylinder of a eompeund steam-engine, a steam-
actuated piston fitted thereto, and a valve for
the induction of the high-pressure steam to the
sald cylinder at oné end only, of a valve at the

. other end of the said c¢ylinder closing inward,
but opening outward by the pressure from

within, substantially as herein described,
whereby the said piston i1s made to work as
an air-pump piston to expel air and steam

from sald cylinder on the side of the piston

opposite to that on which the high-pressure

- steam acts, and thereby cause a vacuum on

40

one side of the said piston, whiie the high-
pressure steam acts on the 0pp051te side, as

The said pipe also serves, by simply |

tially as herein described..

herein set forth. - |

2. The'eombiﬁation,'with the small and large

cylinders of a compound engine, arranged end

toend and having eommumeamon only between 45

one end of the Small one and the reverse end
of the large one, and two pistous, one for each
cylinder, of an outwar dly-opening valve at the

other end of the small cylinder, whereby the
piston of the small eylinder is made to expel
any air, water, or steam that may have col-

lected thelem substantmlly as herein de-
-seribed. | | |

- 3. The eombmatlon in a compound steam-
engine, of a high- preseule steam-cylinder re-

'eeivinﬂ* high-pressure steam at one end and
--havmg at the other end a valve opening auto-
matically by pressure within the said cylin-
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der, a low-pressure ¢ylinder one epd of which

18 always in communication with the con-
denser and the other end of which has valved

60

communications with the high-pressure eylin-

der and the condenser, substantially as herein

deseribed, whereby the high-pressure piston
during its entire stroke, produced by the di-

rect action of the steam upon it, works against
a vacuum,and at the same time the low-press-

ure piston is in equilibrio, as herein set forth.

4, The combination, In a compound engine,
with a small single- aetmg steam-cylinder and

a large single- 'tetlnu' steam- eylmder arranged
houzontmlly end to end and recelving steam
only at their adjacent ends, and a eendensel

below them, of the duct ¢, forming communi-

cation flem the bottom of the small cy]mdel
through the end of -the large one, the ducts 7
k, forming communication between the con-
'denseL and both ends of the large cylinder,

and the valves ¢ 7 1n the ducts a 1, ‘111 subsbm-

JOHN DRIOSSON
Witnesses: |
S. W. TAYLOR,
FREDK. HAYNES.
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