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fo all whom it maz Y concern:
Be it known that I, GEORGE 5 STRONG a

~ citizen of the United States residing in the

‘city, county, and State of New Ymk have
invented a certain new and useful Improve-_

ment in Compound. Engines, of which the

~ following is a true and eza,ct descrlptlon ref-

- erence belng had to the accompanymﬂ* d1 aw-
L mc-‘s, which form a part thereof.
10

15
o ing drawings, in which—
I‘wule 1isa front view, in ver tma;l sectlon |
'of a quadruple expansion-engine. embodymb_
o Fig. 2 is a vertical sec-

20 1S &
~ cross-section on the line v v of Fig. 1. --

My invention relates to compou:nd en 0‘111@&

o and has for its object to improve and mmphfy |

- .the construction of SHC]l engines and wndel
- them more compact. |

- My invention will be best unclerstood as

cxplamed in connection with the aocompany

my improvements.
tion on the line = « of I‘lﬂ 1, and Fig. 3

Fisasuitable frame on which are sup pm ted

C is a casting having formed. Lhel eln a cyi-

“inder ¢, suitable cores 1?01 valves u v, and is

R provided with a suitable flange, which is pr ef-

- erably formed in two parts f /*.

: 30

C' is a casting very similar in fmm to ‘the
castmn C, h&vmw formed therein a cylinder

¢ of 1&1 ger Cross- seetlon than the eylinder c,

o smtable cores for valves, and is pr 0V1ded with

o33

iently formed in $Wwo parts f fe.
~ of these flanges are planed off true, and when
the castings are in position these flanges abut,

a flange adapted to abut against the flange
on the casting C. This ﬂanﬂ'e is also conven-

 asshownin Fig. 3, and the castings are bolted

40 _
- as. guides for a valve-stem s.

together.

In the construction shown I also
fmm recesses /7 f%in the flanges, which serve

= _hamnn- a cylinder ¢® formed therein, f01ms
* the head of the cylinder ¢, and a e&stmn‘ CH,

having a cylinder ¢* fmmed in 1t, fmms the'

head of the cylinder ¢®. Similar c%stmo‘s C?

(B, with cylinders c3 o, are similarly arr a,nﬂ*ed

- over the cylinder ¢

I pwfembly form the

- cylinders ¢t ¢® of the same size, and also the
- . cylinders ¢* ¢%, these last-named cyhnderq be-
: :,.50 ing larger than the cylinders ¢*c®. = -
A is a piston adapted to 10011)100&138 in the-

port N'.

The faces |
-1n the lower pressure-cylinders.

A casting. C?,

eylmdel c, and is pr ovided with trunk mten-
sions b 0?, preferably of the same size, the
trunk 7 ezatendmﬂ' into and forming with its
‘head a® the plston in ¢ylinder ¢?, while the
trunk 0 serves as a cross-head ﬂ'mded in neck

D and sleeve H.. From the end of the trunk

b? another trunk b* extends into the cylinder

¢* and forms the piston in that cylinder.:

paral-
"The pistons in the

A
| similar piston A', pr ovided with similar
trunks 0% 0, and 0%, is'arranged in the
lelset of cyhndels ¢ ¢ e,

6o

cylinders ¢* ¢® are pr eferably of the same size.

So are the pistons in the cylinders ¢? ¢?, and
- A single ¢

these pistons are all single-acting.

valve V, preferably a tubula,l p1st0n valve, as

| shown, is adapted to govern the admission of

steam to and 168 etllaust from these cylinders
¢ ¢® ¢* ¢®, which, it will be observed, form of
themselves & wmpound engine, and these four
cylinders, arranged substantially as shown,

form avery eﬂiment single-acting engine, cmd

R ‘may be used as such mdependent -of the eyl-
. Lhe crank-shaft S, the cylinders, a,nd the othel |
| operatwe parts of an engine.,

inders ¢ ¢/, Whmh form a second compound
engine.

In the posm_on of the. vah“fe N kshown in

Fig. 1) steam at high pressure from the port

7.0

75

N’ enters the cylmder ¢* through the port o.
Steam at the same time is exhaustmﬂ from

‘the eylmdﬁr c® into the tubular valve V and

eylmdel ¢*, and ﬁnally the steam from the
cylinder & is exhausting out of port o® and

The steam is preferably exhausted
from the upper cylinders into a receiver.K, -

S0

from which it is taken to be further expande_d- B

ceiver K, I prefer to make also a reheater, and

T therefore provide a tube- pl&te k, prefelably o
Q0

in the lower part of the receiver K, in which

thetubesarel/secured. K'isa dosed hoxnot

connected with the casing of the 1@11@&1361 I<,
into which box the ’mbes [l open. K* LS are

ceiver K, respectively.
K isapipe for the admission of supemeated
steam or other hot gas for reheating the par-

This re- .

‘covers of the box K"and the 1eheatmo-16- ,'

95

tla,lly-expa,nded steam in the reheatel and At

is a drip-pipe which may lead to a. tmp

By my construction of the reheater it will _.I_oo -
| be seen that no - expansion which .the tubes |

can be subJected to wﬂl have any effect on
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the casing, as the box K'is independent of
this casing. .
The space around the tubes [/ forms part
of the passage of the steam from the upper
cylinders to the lower, and the steam, after
being superheated, passes through the pas-
sage N* and is admitted alternately into the

upper and iower ends of the cylinder ¢ by

means of valves v v. The steam after being
expanded in the cylinder ¢ passes through
the passages o p, extending from the top and
bottom of the cylinder ¢, respectively, and is

admitted into the top and bottom of the cyl-.

inder ¢’ by means of valves u'v', respectively,
w*v°® being exhaust-valves through which the
steam flows to the final exhaust-passage O.

The valves u v, &ec., for the lower cylinders

are substantially the same and are operated
in substantially the same way as the valves
described and claimed in'my application, Se-
rial No. 529,109, filed November 17, 1894, and
I therefore do not claim the arrangement or
mode of operating these in this application.
While, as 1 have said, the single-acting cyl-
inders:c® ¢® ¢* ¢ can be used by themselves, T
prefer to-combine them with the double-act-
ing cylinders cand ¢', thusmaking a quadru-
ple .expansion-engine which is very compact
and easily operated.

The piston A, I preferably form of an an-
nular ring:a, and form a cylinder b:6% of thin
metal, preferablysteel boiler-plate, which cyl-
inder 18 adapted to extend in both directions,

forming trunks, as has been explained. This

c¢ylinder 0 6* I turn up.on the cutside so.that
1t will-fit the cylinder ¢® and the inside of the
ring ¢. Then it is turned up on the inside
and a spider L fitted therein. Yhen in po-

sition, the spider L is secured to the ring «, as

by rivets, securing all the parts together.

The piston-head a® has.formed on it a flange
[*, which fits the upper end of the eylinder b
0%, and at the lower end I secure a plate 7, to
which 1s secured the connecting-rod G by
means of the pin ¢g. This construction pro-
duces.a very light piston.and may of course
be-duplicated in the other set of pistons.

1o guide the trunk extensions b b/, I pro-
vide necks D-on the cylinders ¢ ¢’ and also
sleeves I, conveniently centered by means of
sultable flanges /%, which are seated in grooves
(*-in the frame of the engine. The sleeves
1 have grooves. /i, in which are seated pack-
ing-rings », which embrace the trunks 0 ',
and, as will -be seen, the neck D and sleeve
Hformin effect acylindrical eross-head guide
for the trunk extension 0.

The two . connecting-rods G are connected
to cranks S’ on-the main shaft. |

E is an eccentrie, 8% a link-having a slot 88,
in which is arranged a block S, and serves by
means of rod s° and stem s to operate the
valve V, and by means: of the:rod S to oper-
ate the valve v v, &e.

Having now described my invention, what
Lclaimas new, and desire to secure by Letters

550,502

1. The combinationinacompound engine of
a casting C having a cylinder ¢ formed therein
and provided with flanges f 7%, with a casting
C’ having a cylinder ¢’ formed in it and pro-

vided with flanges f' /° corresponding to the

anges f f* on the casting C, said flanges hav-
ing recesses f° * adapted to form guides for
a valve-rod s.

2. In a compound engine the combination
with the double-acting cylinders ¢ ¢’ arranged
side by side and having steam-ports adapted
to admit steam at the top and bottom of said

cylinders, of cylinders ¢*¢? of decreasing areas

arranged over the cylinders ¢ ¢’ respectively
and having steam-ports o* 0® for admitting
steam to the top of the cylinders, and cylin-
ders c¢* ¢® of decreasing diameters arranged
over the eylinders ¢* ¢® having ports ¢t 0° for

admitting steam.into the top of the cylinders

c* ¢’ all substantially as specified and so that

the cylinders ¢! ¢° and . ¢® ¢® can serve as sin-

gle-acting and the.cylinders ¢ ¢’ as. double-act-

g cylinders.

. T'’he combination with the cylinders ¢! ¢?
¢ arranged in line with each other of the cyl-
inders ¢® ¢ ¢/, also.arranged in line with each
other, the .¢ylinder ¢! being of the same size
as the -eylinder ¢’ and the cylinder ¢® of the
same size as the cylinder ¢, ports.adapted to
admit steam to the cylinders so that the cyl-
inders ¢ ¢’ will act as double-acting and the
other cylinders as single-acting cylinders and.
trunk-pistons forsaid single-actingcylinders.

4. In a compound engine a double-acting

piston A'having trunks 0 0° extending from it

1n opposite directions §° being a piston and b
a cross-head and-a trunk-piston ¢! extending
from the trunk-piston 6 in combination with
a.piston A’ havingtrunks (' b2 extending from
1t on opposite sides 0° being a . piston, and b’
a cross-head and a trunk -6° extending from
the trunk 6° and suitable cylinders for said
pistons.

5. In a compound engine a piston A having
trunks: 0 0% of equal size extending from itin
opposite directions 0° being a piston and D a
cross-head and a trunk-piston «! extending
from the trunk-piston 6°in combination with
a piston A’ having trunks &' 0° of the same
size .as the trunks 0 6® extending from it on
opposite sides 0 being a piston and b’ a cross-
head and a trunk-piston b° extending from the
trunk-piston 6° suitable cylinders for said pis-
tons and cylindrical cross-head guides for the
trunks 0 and &',

6. The combination with a double-acting
piston A of athin metal eylinder U? extending
in one direction and serving as a trunk-piston
and asimilar cylinder b extending in the other
directionand serving asa cross-head, a trunk-
piston bead o® secured to the cylinder 0? ¢
plate B* secured to the cylinder b and a con-
necting-rod G secured to the plate B

7. Thecombination with an annular double-
acting piston A, of a thin metal cylinder b b7
extending through the annular piston A and
forming trunk extensions on each side thereof,
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o a sp1der L 1n51de the piston A a,nd a plston-

head ¢® having a flange I*fitting ] in the upper
part b? of the cylmder S

- 8. The combination with cylmders et &nd
¢’ ¢ provided with suitable pistons and

~ adapted to act as a compound engine, a valve |

for governing the flow of steam to and from
smd cylinders, a cyhnder cin line with the cyl—-

inders ¢® ¢! a eylinder ¢’ in lme with the cyl-
‘inders ¢? ¢ the cylinders ¢ ¢’ being adapted 1o
to act as a compound engine, and a recelver
between the two sets of cyhnders

GEORGE $. STRONG

Wltnesses
- HENRY J PACL
EDW F. AYRES.
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