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(No model.)

Lo all whom it may concern: |
Be it known that I, JOHN BAIRD, mechani-
cal engineer, a citizen of the United States,

~and a resident of the city, county, and State
of New York, have invended certain new and |

useful Improvements in Steam-Engines, of

- which the following is a specification.

TO
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20

These 1mprovements consist of new and
useful arrangements of the principal parts
of steam-engines, especially adapted for ma-
rine engines, but also suitable for stationary
engines.

The essential principle of my invention
consists in balancing the weight of the mov-
1ng parts of a steam-cylinder by the weight
of the cor responding parts of another steam-
cylinder on the opposite side of the crank-
shatt, these moving parts being connected
to each other by suitable bell-érank or elbow
levers and links, so that when the piston and
its attachments of one c¢ylinder are going in

~one direction the piston and its attachments

of the other cylinder are going in the oppo-
site direction.
‘These improvements are especially intend-

‘ed for theimproved construection of compound

engines, tr Iple- expansion engines, and quad-

. ruple -eXpansion engines.
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Economy in the use of steam and Ieductlon
of the size and weight of the parts of steam-
engines are Seeured by expanding steam of
a hlfrh initial pressure to a low terminal
pressure while doing its work, as well as
by a high velocity. of piston :rmd increased
frequen‘cy of revolution. To attain these
ends 1t is of the first importance that the
moving parts should counterbalance each

other, and that the weight of vertically-re- |

ciprocating parts—such as pistons and their
attachments—should be counterbalanced by
the weight of similar parts bhaving the same
kind of motion, but in an opposite direction.
Vertically-reciprocating pistons and their at-
tachments are frequently counterbalanced by
parts having a revolving motion. This causes

side strains in the shafts, producing a wab-
- bling, unsteady motion, hastening the wear

of shatt-Journals and causing them to get
out of line. This is a serious difficulty in

5o the case of large engines, the moving parts

of which are necessarily heavy and the conse-
quent strain thereon great.

My 1mprovementq effectually eradicate
these defects, as in my plan the weight of
the large piston and its attachments is coun-
terbalanced by the weight of a smaller piston

and 1ts attachments plu‘s the weight of the

connecting-rod, and by using proper discre-
tion in the constructlon and proportions of
these moving parts a close approximation to
perfect eounterbalancing can be secured.
My improvements have the great and 1m-
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portant advantage of enabling me to place

the cylinders low down on. the level of the
foundations of the pillow-blocks of the crank-
shaft ;jomnals which is desirable for all ma-
rine engines, particularly for those of naval

vessels.
The accompanying drawings show tmple—

expansionengineshaving a hwh-pl essure cyl-

inder, an mtermedmte-pl essure cylinder, and.
two low-pressure cylinders of equal capacity,

the stroke of the crank being greater than
that of the piston, which contributes mate-
rially to an easy motion in passmw dead-cen-
ters. That part of the engine at which the
steam enters the hlo'h-pressme cylinder I call
the “outer” or “front” end; the opposite the
“rear” end. That portion on the left of a
person standing at the front of the engine, as
above defined, and facing it, I call the “left”
or “front” mde the 0pp081te the “right” or
“rear” side.

Figure 1 represents a plan or top view of

one form of my improved engine with the
front section thereof partly1 111 horizontal sec-
tion on the line 1 1 of Fig. 2; Fig. 2, a front

6
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So

elevation thereof with the parts 0m1tted in

Fig. 1 in place; Fig. 3,.a vertical longitudinal
section throfigh the front section of the en-
gine on the hne 3 3 of Figs. 1, 4, and 9, in-
cluding the parts shown 1n Flﬂ' 2, and look-
ing to the rigcht or rear; Iig. 4, a vertical

tmnsvewe SF‘thOIl on the line 4 4 of Figs. 1

and 2; Fig. 5, a similar section on the line 5
of the engine. The da,rts in these figures in-
dicate the direction in which the views arve
shown, while the arrows indicate the course
of the steam Fig .6 represents a partial end

90
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5 of Flgs "1 and 2, through the front section
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view, and Fig. 7 a side view, partly in verti- |
cal longitudinal seection, illustrating a modi-
fication of the engine, in which the elbow-le-
vers, walking-beams, and their connecting-
links extend above the fulerum on which they
rock, instead of below it, as in the organiza-
tion shown in the preceding Figs. 1 to 3,
both inclusive. Fig. 8 represents a diagram-
matic plan view illustrating the adaptation
of my improved engine to the propulsion of
two parallel shafts, such as those of twin
screw-propellers; and Fig. 9, a similar side
viewof apparatusillustrating the sameadapt-
ation. | S

The various parts are shown as connected
with or mounted in a bed-plate and frame A.
A high-pressure cylinder I3 and its valve-
chest O are shown as mounted on the outer
rear part of the bed-plate. Its piston-rod B
1s connected by a link 132 with a pin B3, pro- |
jeeting therefrom at both ends and passing
through the parallel rocking arms G G’ of an
elbow-lever, which rock on a pivot ¢ on the
main frame. The other ends of these rock-
ing arms are respectively connected by link-
rods I II’ with the pendent crank-arms 2’ 42
of a walking-beam, consisting of parallel arms
I I’,rocking on a fulerumzon themainframe. ]
A pin 7 connects the inner or forward ends of
these walking-beam arms, and a connecting-
rod J connects this pin with a crank-pin & on
a crank-shaft I{, which may also be the pro-
peller-shaft. The opposite outer or rear ends
of the walking-beam arms are connected by
a pin d° and link d* with a piston-rod D? of a
low-pressure cylinder D% having the usual
valve-chests 3, &c. |

The intermediate or first low-pressure ¢yl-
inder C is preferably placed near the high-
pressure cylinder B and has the usual valve-
chests ¢. The piston-rod C’, link ¢%, and pin
¢’ connect this eylinder, in a manner similar
to that hereinbefore described, with the rock-
Ing arms G* G® of elbow-levers rocking on a |
pivotg” and connected by link-rods II* I1° with |
the pendent crank-arms 4® #* of the arms I? I3
of a walking-beam rocking on a fulerum 4,
and connected at theirinner or front ends by
a pin 3" and connecting-rod J’ with another
crank i"on the crank-shaft K. The opposite |
ends of these walking-beams are connected |
by a pin d® and link d’ with the piston-rod D of
& low-pressure cylinder D’, having the usual '
valve-chests d, &e. The endsof the bell-crank l
and walking-beam arms connectagd with the
cylinders are of equal radius, while the walk-
ing-beam arms connected with the cranks are
of slightly-greater radius, the result of which
1s to give the crank a stroke greater than that
of the pistons,and consequent ease of motion
in passing the dead-centers.

The construction above described secures a
very compact organization, as short walking-
beams and elbow-levers can be used, the parts
counterbalanced, and all the working-connec-
tions are below the fulera on which they move.

e
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The mechanism above described may be |
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sald in a sense to constitute a double engine
with the two parts side by side, the cylinders
of each section being on opposite sides of the
crank-shaft, united by link-rods crossing that
shatt, and all co-operating in actuating it.
An air-pump K is connected by a piston-

rod E’ and link E? with a crank-arm [ on a

rock-shaft I, provided with an oppositely-pro-
jecting arm I/, connected by a link I withan
arm /% rocking on the shaft or pivot ¢’ of the
elbow-levers G* G3 A condenser I is shown
as extending across the frame or bed-plate
close to the eylinders B C. |
Fig.1 shows my preferred plan of working
this engine.
through a pipe M and a high-pressure cylin-
der B, thence through pipes M’ to the inter-
mediate cylinder C, thence throngh pipes M-
to the opposite end of the engine, where
branch pipesm m/, respectively, connect with
the valve-chests d d® of the second and third

Jow-pressure cylinders D’ D# which are pref-

erably of equal area, but larger than the in-
termediate eylinder C. After doing its work
in these cylinders D D* the steam is con-
ducted, by pipes M M’ on opposite sides of the

Steam from the boiler passes

70
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engine, to the condenser I¥, which it entersat

opposite ends, as shown.

95

T'he foregoinyg description applies more par-

I'igs. 6 and 7 show a modification in which
the elbow-levers, walking-beams, and their
connecting-links are arranged above their
fulera, instead of below them, as in the organi-
zation first described. | |

lLike parts being correspondingly lettered
in all the figures, theirarrangement will read-
ily be understood. | |

| ticularly to the engine shown in the first five .
| figures of the drawings.

100
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This last-described plan, while not so com-
plat,

pact as the other, has the compensating ad-
vantage of simplifying the organization, asit
admits of the use of a single elbow-lever and
walking-beam with forked connecting-rods
embracing them, instead of double arms to
straddle the connecting-links, as in the first
plan. |

Figs. § and 9 show an advantageous plan
of working two parallel crank-shafts—such,
forinstance, as those of twin screw-propellers.
Two triple-expansion engines are shown as
arranged side by side 1n reverse order, the
high-pressure cylinders being on the outer
sides and the larger low-pressure cylinders
lying between the crank-shafts. In thiscase
duplicate sets of air-pumps and condensers

are used, and at the opposite end of the en-

gines from the plan first deseribed. Each air-

| pump may be worked from the walking-beamn

fulerum by a long link [ and bell-erank 1.2
instead of from the elbow-levers. I thus se-

cure a very compact and convenient organi-

zatlion, and still keep all the connecting-rod
pivots of the walking-beams directly overthe
crank-shaft. |

Kxcopt as hereinbefore stated, the details
of construction of the various parts consti-

ITO
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tute no part of the subject-matter claimed, | inbefore set forth, of a high-pfeggjtiﬁé éjfi_ina
der, an intermediate cylinder into which

and may be greatly varied within certain
limits in well-known ways without departing
from the spirit of my invention. |

I claim as of my own invention— h

1. The combination, substantially as here-
inbefore set forth, of a c¢rank-shaft, a steam-
cylinder on each side thereof, two separate
bell-cranks or elbow-levers, to opposite ends
of one of which are connected the piston-rod
of one of the eylinders and a connecting-rod
directly actualing the crank-shaft, the other
of which bell-cranks is connected with the
piston of the other cylinder, and a link di-
rectly connecting the bell-crank and elbow-
lever. . B

2. The combination, substantially as here-
inbefore set forth, of a crank-shaft, a steam-
cylinder, and a bell-crank or elbow-lever con-
nected with the moving parts of the steam-
cylinder on each side of the crank-shaft, a

link - connection between the elbow-levers |

crossing the crank-shaft, and a connecting-

rod uniting the crank-shaft with one of the

elbow-levers between their fulera, the organi-
zation being such that the weight of the mov-
ing parts is counterbalanced.

3. The combination, substantially as here-
inbefore set forth, of a ecrank-shaft, a steam-
cylinder on each side thereof, an elbow-lever
connected with the moving partsof oneof the
cylinders, a bell-ecrank walking-beam con-
nected with the corresponding parts of the
other eylinder and having arms of unequal
length, a connecting-rod uniting the crank-
shaft with the longer arm of the walking-
beam, and a link connecting the elbow-lever
and walking-beam, the organization being
such that the moving parts of the steam-cyl-

inders always traverse in opposite directions,

the weight of the moving parts is counterbals-

anced and the stroke of the crank is greater

than that of the piston.

4. The combination, substantially as here-
inbefore set forth, of a high-pressure ¢ylin-
der, an clbow-lever directly connected with
the moving parts thereof, a separate walk-
ing-beam, a link directly connecting it to the
elbow-lever, a low-pressure cylinder having
its moving parts direclly connected with the
walking-beam on one side of 1ts fulerum, a
crank-shaft,and a connecting-rod uniting the
crank-shaft with the walking-beam on the op-
posite side of its fulerum.

5. The combination, substantially as here-
inbefore set forth, of a high-pressure cylin-
der, a bifurcated elbow-lever connected with
its moving parts, a bifurcated bell-crank
walking-beam, links connecting the bifurca-
tions of the elbow-lever and walking-beam, a

low-pressure cylinder, its. moving parts con-

nected with the walking-beam, a crank-shaft,
and a connecting-rod pivoted on the crank at

“one end- and between the bifurcations of the

walking-beam at the other and straddled by
the connecting-links below their fulcra.

steam passes direct from the high-pressure

8

70

cylinder, elbow-levers connected directly with

the moving parts-of these cylinders, a sepa-
rate bell-crank lever walking-beam, a link-

connection between the elbow-levers and the '

walking-beam, a low-pressure cylinder, the
connections between its moving parts and

75

the walking-beam, a crank-shaft, and a con- .

necting-rod uniting the crank-shaft and the

walking-beam. | .

7. The combination, substantially as here-
inbefore set forth, of a high-pressure ¢ylin-
der, its moving parts, an elbow-lever con-

30

nected therewith, a walking-beam,a link-con-

nection between the elbow-lever and walk-

ing-beam, a cylinder, an elbow-lever walking-
beam, connecting-links, and a connecting-
rod, its moving parts connected with the
walking-beam, a crank-shaft, and a connect-
ing-rod uniting the walking-beam and crank-
shaft with a duplicate engine having two

19,

low-pressure cylinders connected with the .

same crank-shaft as the other engine.

8. The combination, substantially as here-
| inbefore set forth, of a high-pressure cylinder,

an intermediate cylinder of larger area, and
two low-pressure cylinders of stilllarger area

with duplicate separate elbow-levers and

walking-beams, links directly connecting the

walking-beam and elbow-levers of each set,

and connecting-rods connected with the walk-
ing beams and acting on the cranks of a com-
mon crank-shaft and constituting a triple-
expansion engine. o | |

9, The hereinbefore-deseribed triple-ex-
pansion engine, consisting of the combination,
substantially as hereinbefore set forth, ot a
high-pressure cylinder, an intermediate cyl-
inder of larger area, two still larger low-press-
ure cylinders of equal area with duplicate
separate elbow-levers and walking-beams,
links directly connecting the walking-beams
and elbow-levers, and. connecting-rods con-
nected to the walking-beams acting on the
cranks of the same crank-shaftt, a steam-pas-
sage connecting the high-pressure and inter-

mediate cylinders, and a branch steam-pas-

sage therefrom to the other low-pressure cyl-
inders.

10. The combination, substantially as here-
inbefore set forth, of a high-pressure cyinder,

‘alarger intermediate cylinder, two larger low-
pressure cylinders, separate elbow-leversand

walking-beams, links directly connecting the
walking-beamsand elbow-levers, and connect-
ing-rods connected with the walking-beams
and connecting the moving parts of these cyl-
inders in pairs with a common crank-gshaft, a
condenser, and an air-pump. |

11. The combination, substantially as here-
inbefore set forth, of a high-pressure cylinder,
an intermediate cylinder of larger area, two
other larger low-pressure cylinders of equal

| area, separate elbow -levers and walking-

6. The combination, substantially as here- | beams, links directly connecting the walking-

95
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beams and elbow-levers of each set, and con- | ers, links connecting them with their largest

necting -rods connected with the walking-

,beams and uniting the moving parts of these
cylindersin pairs with a common crank-shaft,

and an air- pump and link - connections for
working it from the fulerum or shaft of one
of the elbow-levers or walking-beams.

12. The combination 5ubstmnt1ally as here-

inbefore set forth, of a hi gh-pressure cylinder,
a low-pressure or intermediate ecylinder of

~ larger area adjacent thereto, two larger low-

pressure cylinders of equal area, mterposed
separate elbow - levers and walking - beams,

links directly connecting the walkmfr-beams

and elbow-levers, and connectmﬂ' 1‘0ds CON-
nected with the walking -beams and uniting
the moving parts of these cylinders in pairs
with a eommon intermediate crank-shaft, a
condenser, and steam-passages entering it at
opposite ends from the larger cylmdels

13. The duplextwin screw triple- -expansion

engine hereinbefore described, consisting of |

the combination of two duplmate engines,
their separate walking-beams and elbow lev-

low-pressure cylinders between the crank-
shafts, their high-pressure and intermediate
cylinders outside the crank-shaft, and their
elbow-levers and walking-beams on opposite
sides of their respective crank-shafts. -

14. The combination, substantially as here-
inbefore set forth, of two parallel erank-shafts,
a high and an intermediate cylinder outside
of the crank-shafts, two low-pressure cyl-
inders between the sh.rtfts, separate elbow-
levers and walking-beams, links connecting
them, and eﬂnnecunfr‘-—rods uniting the mov-
Ing parts of thése cyllnders witle the crank-
shm‘?t between them, a generator outside the
other erank-shaft, and steam-passages con-
necting the cylmders in series with the gen-
erator.

In testimony whereof I have hereunto sub-

scribed my name.
JOIN BAIRD. | L. 8.]
Witnesses: |
b. L. M. BATES, |
W. H. II. YoUNG.
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