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No. 785,740,

UNITED STATES

Patented August 11, 1908,

PATENT OFFICE.

MATTHIAS N. FORNEY, OF NEW. YORK, N. Y.

FLUID-PRESSURE ENGINE.

| SPECIFICATION forming part of I.e'tters Patent No. 735,740, dated August 11, 19083.
| | Applicatidl_l ﬁlgd August 8, 1902, Serial No. 1I1 8,368, (No model.)

To all whom it may concer: -
Be it known that I, MATTHIAS N, FORNEY,
of the borough of Manhattan, in the city and

State of New York, have invented a certain.

new and useful Improvement in Fluid-Pres-
sure Kngines, of which improvement the fol-
lowing is a specification.

My presentinvention is an improvement on

that set forth in Letters Patent of the United
States No. 489,648, granted and issued to me

- under date of January 10, 1893, and is more

- gines of such character are made to counter-
balance each other by a more convenient dis-
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particularly designed for application to com-
pound steam -engines, but is applicable to

other fluid-pressure and to binary engines
which are not compound; and its object is

to facilitate and further improve the means

whereby the reciprocating elements of en-

position of their parts, which results in a re-
duction of cost of the engines.

The improvement claimed is hereinafter

fully set forth. . |

_ Inthe compound engineset _forth in Letters:
Patent No. 489,648 aforesaid the piston-rod

of the low-pressure cylinder is directly con-
nected to what is termed a ““primary” lever,
which is in turn articulated to a pair of ““sec-

ondary ” levers, which oscillate in journals or
trunnions supported in fixed bearings, the
system of levers forminga “‘ parallel” motion,

which constrains the piston-rod to move in a
straight line. In this construction the axes

- of the journals or trunnions of the secondary
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levers are in a plane which coincides with the

ax1s of one of the cylinders, which is the line
in which the center of its piston-rod moves.
The piston-rod of the high-pressure piston is
connected to the lower end of the secondary

lever; but as these move in a path which is

an arc ot a circle to secure rectilineal move-

‘ment of -this piston-rod it requires to be and.

18 shown as connected to the levers by means
of a guide, cross-head, and short links.
Under my present-invention the guide,
cross-head, and short connecting-links of
Patent No. 489,648 are wholly dispensed with,
and my improvement is adapted to applica-
tion in connection with cylinders the rela-
tive location of which may be substantially
varied. | -

the outside.

|18 a vertical longitudinal central section
through one of the low-pressure cylinders of

a four-cylinder compound locomotive-engine,
illnstrating an embodiment of my invention;

and Fig. 2, a transverse section on the line
a b of Fig. 1 looking toward the cylinders

and with the oscillating levers shown in ele-
vation and in a vertical position to facilitate

clearness of representation. Fig. 3is a trans-

verse section on the line o b of Fig. 4 through

one of the side frames and the bearings of
-the secondary lever of a four-cylinder com-
‘pound locomotive-engine, illustrating an-

other embodiment of my invention, the eyl-

inders being disposed as in Figs. 1 and 2, but
the engine being ‘‘back-connected ’—that is
to say, having the oscillating levers located

in front of the cylinders and the connecting-
rods passing below the low-pressure c¢ylinders
from the secondary levers to the driving-
wheel crank-pins. Fig. 41is a vertical longi-

tudinal central section through the low-
pressure cylinder of the construction shown
“In Fig, 3. - - ' |

‘Referring first to Figs. 1 and 2, my inven-
tion is herein illustrated as applied in a four-
cylinder compound locomotive-engine, the

‘axes of the high and low pressure cylinders
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1 1* of which are located in the same hori-

zontal plane, those of the high-pressure cylin-

ders being on the inside of the engine-frame

and those of the low-pressure cylinders on
_ The c¢ylinders 1* 1, which are
of the ordinary construection, are fitted, re-
spectively, with pistons 2* 2, secured upon
piston-rods 3* 3, the outer ends of which are

| not, as in common practice, secured to eross-

heads sliding on guides, but are coupled,

through a system of oscillating levers pres-

ently to be described, to a connecting-rod 4,
through which their movements are trans-
mitted to a crank-pin (not shown) on one of
the driving-wheels of the locomotive. Motive
fluid is admitted to and exhausted from .the

e
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cylinders by any suitable valve mechanism,
which, as it does not form part of my pres-

ent invention, is not herein set forth.
The system of oscillating levers above re-

100

ferred to, which forms what is known asa

““parallel motion,” by means of which the
outer ends of the piston-rods are caused to

~In the aedompaﬁying' drawings, Figure 1 | move in straight lines, thereby dispensing
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with the cross-heads and guides ordinarily

employed for this purpose, is except as to

the modification in form of the secondary le-
ver hereinafter deseribed substantially simi-
lar to that set forth in a separate application

filed by me of even date herewith, Serial No..

118,969, and is in this instance of the follow-
ing construction: Two double-armed lever-
bars 7 7, which collectively mmay be termed a
““primary” lever, are coupled at their lower

~ends to a pin 15, fixed in a forked head 43,
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fixed upon the outer end of the low-pressare

piston-rod 3, and are also coupled at their
upper ends by a pin 9 to a pair of radius-
links 11, the opposite ends of which are coau-
pled to a pin 10, fixed on the top of the low-
pressure cylinder 1. - | |
The secondary lever S of the oscillating-le-
ver system instead of consisting of two par-
allel lever-bars fixed upon the ends of an 1n-
termediate journal, as in my application, Se-
rial No. 118,969, above referred to, is in this

instance a rocker of substantially H form,

which is made up of a pair of upper arms 3
and a pair of lower arms 8% the inner or ad-
joining upper and lower arms being connect-
od by a central rocking shaft 13, fitted in a
bearing 14, and the outer upper and lower
arms carrying end journals 13* 13°, fitted in
bearings 14* 14°. EKach pair of arms 8 8" is
prolonged on the opposite side of the com-
mon axial line of the journals 13* 13 13° by
extensions 16 16, in line with the arms, and
for convenience of manufacture these sec-
ondary levers are built up in three parts, the
extensions 16 16* being provided with end

lugs 6 6%, which afford large bearing-surfaces

and which abut against each other and are
connected by bolts 16°. '

The upper arms 8 8 of the secondary lever
are coupled to the primary lever 7 by a pin
12, located intermediate of its end connect-
ing-pins 9 15. The lower arm of the second-

ary lever is coupled by a pin 12* intermedi-

ate of its ends to a second primary lever 77,
said second primary lever corresponding sub-
stantially with the first primary lever 7 and

~ similarly thereto formed of two double-armed
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lever-bars set side by side. The lower arm of
the second primary lever 7* is coupled by a
pin 9* to the rear ends of a pair of radiuas-
links 112, the forward ends of which are cou-
pled to a pin 10%, fixed on the bottom of the
high-pressure cylinder 1*, The upper end of
the second primary lever 7% is coupled by a
pin 15* to a head 48%, fixed on the outer end
of the high-pressure piston-rod 3*. A con-
necting-rod 4 extends from the head 48 of the
low-pressure piston-rod to a crank-pin (not
shown) on the axle of the front driving-
wheels 17. | -

Briefly stated, under the above construc-
tion each of the piston-rods is coupled to one
end of a separate primary lever, and said le-
vers are coupled at their opposite ends to ra-
dial links attached to fixed bearings and are

of the cylinders.

735,740

| secondary lever or rocker which oscillates in

fixed bearings in a plane intersecting the axes
By proportioning the pri-
mary and secondary levers and their points
of connection properly to each other the ends
of the two primary levers to which the pis-

ton-rods are coupled will move in approxi-

mately straight lines. This approximation
may be made so close to a true straight line
that the departure therefrom will not be of
any practical importance. |

W hen the cylinders of locomotive-engines
are located close to the front driving-wheels,
the connecting-rods must be coupled to the
second or to the third pair of driving-wheels

back of the cylinders and must of course

clear the front wheels and crank-pins, to do
which they must be coupled to the outer ends
of the main crank-pins sufficiently far from
the wheels to clear the pins on the front
wheels. This necessarily spreads the cylin-
ders considerably far apart, and if they are,
as is now frequently the case, of compara-
tively large diameter there may not be suffi-
cient room for them on railroads on which
there is but little side clearance. A further
structural modification designed to satisfac-
torily comply with these conditions is shown
in Figs. 3 and 4. Referring to said figures,
it will be seen that the low-pressure cylin-
der is placed outside of the engine-frame
and the high-pressure eylinder inside, as In

“the construction shown in Figs. 1 and 2; but

the low-pressure cylinder 1 is located suill-
ciently high up to permit the main connect-
ing-rod 4 to work backwardly below 1t to a
connection with the front driving - wheels,
and the system of oscillating levers is located
in front of the eylinders instead of in rear of
them, as in the preceding instances.

Al-
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though the front driving-wheels 17 are lo-

cated close to theeylinders, the distance from
their axle to the oscillating levers is sufficient
to admit of the use of connecting-rods of the
requisite length, which can therefore be cou-
pled to crank-pins on these wheels, and as

110

there are no wheels in front of them which

must be cleared the connecting-rods can be
coupled to these pins close to the wheels.
The eylinders may therefore be placed more
closely together transversely of the engine
and for a determined amount of clearance

‘may be made of larger diameter than is prac-

ticable when the connecting-rods are coupled
to the outer ends of the crank-pins. Thisis
a matter of substantial importance in the de-
sign and construction of the large locomo-
tives which are characteristic of the advanced
present practice.

In the construction shown in Figs. 3 and 4
the location of the axis of the high-pressure
cylinder 1> below that of the low-pressure cyl-
inder 1 enables the valve-chest 43 to be placed
above and in the same vertical plane as the
high-pressure cylinder and admits of the em-
ployment of a secondary lever or rocker of the

coupled intermediately to opposite ends of a | same general character as that shown in Figs.

115

120

123

13>




pair of downwardly - extendmg arms 8° be-

1 and 2, but. which differs structur&lly there- |

from in bemﬂ'mteﬂ're] the arms and journal-
bearings bemg forcre(l or cast together, al-
thoun'h it might be mede in separate parts, if
preferred as well as in being provided with a

tween its central and outer end journals,

10

which arms are made of such length that the |

axis of a pin 44, fixed in their lower ends,
shall have substentielly the same stroke or
throw as the pistons. The main connecting-
rod 4 is coupled to the pin 44, and the pres-

-~ sure exerted on the two plstons i1s transmit-

 ted, through the lever system, to the con-
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nectmﬂ* rod and the crank-pin to which it is
eoupled. In other particulars the relation of
the levers of the oscillating-lever system one
to another and to their fixed bearings and the
piston-rods is substantially the same asin the
instances before described and referred to.

I claim as my invention and desire to se-
cure by Letters Patent—

1. The combination of two reciprocating
members having their axes in- separated

planes at right a,nﬂ‘les to the axis of adriving- |

shaft, a roekmsz ehaft having arms at its op—
pomte ends, a fixed. bea,rlng in which said
rockingshaft is centrally journaled, two mov-
able fulcrume, two primary osellletlng levers,

-each connected to one of the remproeatmw

members and toone of the movable fulerums,
and the two levers connected, respectively,
to opposite arms of the rocking shaft whereby
the reciprocating members are conetla,med
to move in approximately straight lines and
in opposite directions to each other a driv-
ing-shaft, a crank thereon, and a rod conneet-
ing the systewm of levers with the crank.

2. In a fluid-pressure engine, the combina-
tion of a pair of ¢ylinders having their axes

in separated planes at right an ﬂ'les to the axis
of a driving-shaft, a piston and piston-rod

in each of said eylmdere arocking shaft hav-
Ing arms at its opposite ends, a fixed bearing
in which said rocking shaft is centrelly;our-
naled, two movable fulerums, two primary os-
clllatmn' levers, each connected to one of the
pleton-rods and toone of themovablefulerums,
and the two levers connected, respectively, to
opposite arms of the rocking shaft, whereby
the piston-rods are constrained to move in ap-

proximately straight lines and in opposite di-

rections toeach other, adriving-shaft, a crank

-

thereon, and a rod connecting the system of
levers mth the crank.

3. In a fluid-pressure engine, the combina-
tion of a pair of cylinders hevmﬂ' their axes

55

in separated planes at right angles to the axis

of a driving-shaft, a p1snon and piston-rod
in each of said cylinders, a rocking shaft hav-
ing arms at its opposite ends, a fixed bearing
in Wthh sald rocking shaft is centrally jour-
naled, two radial links, each coupled at one
end to a fixed pivot, 6w primary oscillating
levers, each coupled, at its opposite ends, to
one of the piston-rods and to one of the ra-
dial links, and the two levers connected, re-
spectwely to opposite arms of the roekmﬂ-
shaft, a driving-shaft, a crank thereon, eud
a rod connecting the system of levers with the
crank.

4, In a fluid-pressure engine, the combina-
tion of a pair of cylinders having their axes

‘in separated planes at right angles to the axis
of a driving-shaft, a plston a,nd piston-rod

in each of seid cylindels a double - armed
rocker of substantially H form having sup-
plemental end arms and journals, fixed bear-
ings supporting said end journals, two mov-
able fulerums, two primary oscillating levers,
each connected to one of the piston-rods and
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to one of the movable fulerums, and the two

levers connected, respectively, to opposite
arms of the rocker, a driving-shaft, a crank
thereon, and a rod’ connecting the system of
levers mth the crank.

5. In a fluid-pressure engine, the combina-
tion of a pair of cylinders having their axes
in separated planes at right enﬂ'les to the axis

of a driving-shaft, a pleton a,nd piston-rod go

in each of said evhndel 8, a rocking shaft hav-
ing arms at its opposite ends, a fixed bearing

in which said rocking shaft is centra,lly]our- |

naled, two movable fulerums, two primary

oscﬂletlno‘ levers, each connected .to one of g5

the pleten -rods and to one of the movable ful-

crums, and the two levers connected, re-
spectively, to opposite arms of the rocking

‘shaft, an extension fixed to one of the arms

of the rocking shaft, a driving-shaft, a erank
thereon, and a rod conneebmﬂ' the extenemn
of the roekm o-shaft arm mth the crank.

MATTHIAS N. FORNEY.

Witnesses:
LuDwiG CHART,
M. L. CONROY.
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