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o all whom it may concern:

Be it known that I, MATTHIAS N. FORNEY,
of the city, county, and State of New York,
have invented a certain new and useful Im-

provementin Counterbalancesand Guides for

Reciprocating Mechanism, of which improve-
ment the following is a specification.
Myinvention 1s more particularly designed
for application in, although not limited to,
simple and compound engines, and its object

is to enable the momentum of reciprocating |

parts to be counterbalanced without induc-

ing a disturbing action at right angles to the
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movement of such parts, as well as to insure

the rectilineal movement of the reciprocating
parts without the employment of the ordi-
nary cross head and guides. - -

To this end, my invention, generally stated,
consists in the combination, with a recipro-
cating element, of a system of oscillating le-
vers,and a counterbalance connected to said
levers and moving in a reverse direction to
the movement of the reciprocating element.

The improvement claimed is hereinafter
fully set forth. --

The reciprocating parts of engines have
heretofore been and are now usually counter-
balanced by the attachment of counter-

-~ weights to the main shaft of the engine oppo-
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sitetothe crank or cranks.
serves to counteract the momentum of the
piston and connected parts in their recti-

snch attachment

lineal movement, but as the counterweight
necessarily traverses a circular path, it in-
duces a disturbing action on the shaft at right
angles to the direction of movement of the
piston. This disturbance 18, in all cases, ob-
jectionable, and is found in locomotive en-
gines to be a serious disadvantage, it being
said tobe sometimessufficient, at high speeds,
to bend the rails below the wheels and im-
pose dangerous strains on bridges and other
structures of the permanent way. My inven-
tion is designed to substantially eliminate
this disturbing action by means of a con-
struetion which at the same time dispenses
with the ordinary guiding devices,and which,
in a form adapted for practical application,
will now be described. |

In the accompanying drawings: Iigurel is
averticallongitudinal central section through
the cylinder of a steam engine in which my

| invention is applied; Fig. 2, an end view as

seen from the left of Fig. 1; Fig. 3, a hori- .

zontal central section; Fig. 4, a vertical lon-

gitudinal central section through the eylin-
ders of a steam engine of the compound type,
llustrating another form of application of

my invention; Fig. 5, an end view, as seen
from the left of Fig. 4, and; Fig. 6, a hori-
zontalcentral seetion,on thelinez, x, of Fig. 4.

Referring to Figs. 1, 2 and 3, the cylinder
1, which is of the ordinary construetion, is
fitted with a piston 2, secured upon a piston
rod 5, the outer end of which is coupled to a
connecting rod 4, through which power is
transmitted to a crank pin for the rotation of
a shaft. In lieu of being secured to a cross
head, fitted to slide in guides, as in common
practice, the outer end of the piston rod is
coupled, preferably, as shown, by the con-
necting rod pin 5, to a system of oscillating
levers 7, 8, forming what is known as a “par-
allel motion,” by means of which the outer
end of the piston rod is eaused to move in a
straight line, thereby dispensing with the
cross head and guides ordinarily employed
for this purpose. The two levers, 7, which
are coupled at their lower ends, one on each
side, to the piston rod 3, and which may be
termed primarylevers,are pivotally connected
at their upper ends, as by a pin 9, to a sliding
block 10, which is fitted to work on or be-
tween a fixed guide or guides 11, and are in-
termediately coupled, by a pin 12, to the up-
perends of a pair of secondary levers 8, which
are arranged on the outside of the primary
levers 7, in order to insure greater stability
and to permit the primary levers to work
freely between them, and are provided with
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Journals 18, which are mounted in fixed bear-

ings 14, forming fulera about which the sec-
ondary levers § are adapted to oscillate as in-

Fig. 1.

In operation, assuming the piston and pis-

ton rod to be in the position shown in Fig. 1,
and to be moved toward the right, asindicated

dicated by the dotted lines «, b, and ¢, d,

95

by the arrow, the lower ends of the primary

levers 7 will also move to the right, and the
coupling pin 12, by which their middle por-
tions are connected to the upper ends of the
secondary levers 8, will move in the arc a b,

10D

described in the oscillation of the secondary
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levers about the axial line of their journals |

13. The upper ends of the primary levers,
however, being coupled to the sliding block

10, which is only free to move in a vertical

rectilineal path, are constrained to move 1n
the same path as said sliding block. The

primary levers 7, therefore, oscillate about the

axis of the coupling pin 12, and their lower

ends tend to describe an are from said axis, |

curved in the opposite direction to the are de-
seribed by the upper ends of the secondary
levers 8. The arms of the primary levers on

opposite sides of the coupling pin 12 are equal

in length, and equal to the distance between
the axis of said pin and the axis of the jour-
nals 13 of the secondary levers, and it there-
fore results from the conjoined action of the
primary and secondary levers, that the lower
ends of the primary levers, and the connected
outer end of the piston rod, are compelled to
move in a right line. So far as above de-
seribed, this construction, which dispenses
with the ordinary cross head and guides, is in
substantial accordance with a known form of
parallel motion, and is not therefore, in and
of itself, claimed as new. |
My present invention utilizes the known
function of the above construction, and com-
bines therewith that of counterbalancing the
reciprocating parts, by forming arms on the
secondary levers extending from their jour-
nals in opposite direction to those to which
the primary levers are coupled, and connect-
ing to said opposite arms a counterbalance
which moves therewith in opposite direction
to the piston and piston rod and thus bal-

“ances or counteracts their momentum. As

shown in Figs. 1 to 3, the counterbalance is a
dead weight 15, whiech issecured to the lower

arms of the secondary levers by bolts 16, but -

such specifie form is not, as will hereinafter
be shown, of the essence of my invention.

t will be observed that thepath of the cen-
ter of gravity of the welght 15 1sin an arc ot
a circle and not, as would be more desirable,

in a right line as in the case of the piston and

rod. "The disturbance due to the difference
in the direction of motion of the counterbal-
ance and of the piston respectively is, how-
ever, very slight, and 1s represented by the
versed sine of the arc deseribed by thecenter
of gravity of the counterbalance, whereas

that of a revolving counterbalance, set oppo-

sitely to the cerank as in ordinary practice,
would be represented by the diameter of the
circle described by its centerof gravity. The
construction above described 1nduces much
less disturbance at right angles to the piston,
and at the same time counteracts the momen-
tum of the piston and connected reciprocat-
ing parts. The elimination of the cross head
and guides is a further feature of advantage,
these being expensive to construct and main-
tain, particularly on locomotive engines,
where they are exposed to grit and dust and
their proper lubrication 1is difficult.

Figs., 4, 5, and 6 illustrate another form in
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which the essential features of my invention
as before described are embodied, 1n an ap-
plication thereof toacompoundsteam engine.
The construction and relation of the low
pressare ceylinder 1,its piston 2, piston rod 3,
and the primary and secondary levers 7, 3,
are as before described, but in lien of em-
ploying a dead weight 15, as a counterbal-
ance, as in the formerinstance,thelower arms
of the secondary levers 8 are coupled to the
piston rod 3* of the high pressure piston 2%
which reciprocates in the high pressure cyl-
inder 12, said high pressure piston and rod
performing the same function, in combina-
tion with the system of oscillating levers and
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the low pressure reciprocating members, as

is performed by the counterweight 15, and

- acting as the mechanical equivalent thereot.

The secondary levers 8 are coupled to the

high pressure piston rod by a pair of links

17, and said piston rod is secured to a cross
head. 18, sliding on a guide 19, for the reason
that the parallel motion funection of the pri-

‘mary and secondary levers is operative only

upon the low pressure piston rod and piston.

While I have herein described and shown
my invention as applied in counterbalancing
and guiding reciprocating parts of steam en-
oines, for which special function it is desir-
ably applicable, I do not limit myself to such
specific application, as it will be obvious that
it is likewise applicable, without variation of
principle or substantial modification of struet-
ure, in connection with the reciprocating ele-
ments- of other mechanisms. Neither do I
desire to confine myself to the specific ar-
rangement of oscillating levers deseribed and
shown, for the reason that a counterbalance
adapted to move in opposite direction to a
reciprocating member, and connected to some
other form of linked or articulated parallel
motion mechanism, would, in combination
therewith, present all the essential features
of, and operate similarly to and with the same
result as, the specific econstructions herein in
detail described and shown.

I claim as myinvention and desire to secure
by Letters Patent: |

1. The combination, with a reciprocating
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element of mechanism, of an articulated sys-

tem of oscillating levers or links, connected.
to the reciprocating element and forming a
cuide to insure rectilineal motion thereof, a
cuiding member for said system of levers,
and a counterbalance connected to said sys-
tem of levers and moving in opposite direc-
tion to the reciprocating element, substan-
tially as set forth. |

2. The combination, with a reciprocating

element of mechanism, of a primary oscillat-

ing lever coupled at one end to the recipro-
cating element and having a movable ful-
crum at its opposite end, a double armed sec-
ondary lever, oscillating in fixed bearings and
having one of its arms pivotally connected to
the primary lever at the middle thereof, and
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a counterbalance connected to the opposite
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arm of the seconda,r_y lever, Substantially as |
set forth. - |

3. The combination, with a reciprocating
element of mechanism, of a primary oscillat-

ing lever coupled at one end to the recipro-

cating element and having a movable ful-

- crum at its opposite end, a double armed sec-

IO

ondary lever, oscillating in fixed bearings and
having one of its arms pivotally connected to
the primary lever at the middle thereof, and
a dead weight connected to the opposite arm
of the secondary lever, substantially as set
forth. x | - :
4: The combination, with a reciprocating
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piston and piston rod, of a prima;'rrjr lever 1x
coupled at one end to the piston rod and at
the other to a sliding block, a fixed guide on

which said block is fitted to move rectilinearly,
a double armed secondary lever journaled in

fixed bearings and having oneof its arms piv- 20

otally connected to the primary lever at the
middle thereof, and a counterbalance con-
nected to the opposite arm of the secondary
lever, substantially as set forth.
: MATTHIAS N. FORNEY.

Witnesses: o
FREDERICK HOBART,
FRANK J. FRENCH.
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