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(No model)

To all whom it Y CORLCEFTL:

Be it known that I, MATTHIAS N, FORNEY,
of the borough of M%nhattan in the city and
~State of New York, have invented a certain
new and useful Improvement in Means for

rocating Elementsﬁ of whichimprovement the
followmg 18 a specification.

My presentinvention, which is an 1mp1 ove-
ment on those for which Letters Patent of
the United States Nos. 489,648 and 528,294
were granted and issued to me under dates
of January 10, 1893, and October 30, 1894, re-
spectively; while more particularly designed
for application tosimple or single expansion-
engines 18 also applicable in compound en-
gines; and its object is to further improve
the general systems of means for counter-
balancing the momentum of reciprocating |
elements without induecing disturbing action
at right angles to the movement of such ele-
ment@ set fmth in said Letters Patent by
effecting a reduction in cost and promoting
4 mMore convement disposition of parts.

The improvement claimed is hemmaftoi
fully set forth.

In Letters Patent Nos. 489,648 and 028 294
aforesaid the upper end of 'what is therein

termed the ‘ primary oscillating lever” is
pivotally connected to a sliding bloch which
ig fitted to work on or between a ﬁ:&:ed guide
or pair of guides. The purpose of this slid-
ing block and guides is to allow the upper
end of the primary oscillating lever to vi-
brate or oscillate about its pivotal connection

to move up and down in a vertical straight
line. This construetion is unsatisfactory,in
the particular that the guides are expensive
to make and maintain and are so located
that it is not entirely convenient and is some-
what costly to provide adequatesupports for
them. |

Under my pr esent 1nvent10n the sliding
block and guides are dispensed with, and
their function is performed by a pair of mdial
links, to one end of which the primary lever

is pivotally connected, the other end being

similarly connected to a fixed support. These

 which their ends, to which the lever is con-

nected, vibrate colnecides very closely with &
straight line, sonearly, in fact, as not to in-
troduce any material error in the horizontal

‘movement of the lower end of the lever, to
Counterbalancing the Momentum of Recip- |

which the piston-rod is connected, and which
must, therefore, be constrained so as tomove
in a straight line.

My invention further consists in the com-

bination, with the primary oscillating lever,
of a counterweight attached to an extension
of the primary oscillating lever above ifs piv-
otal connection with the radial link or pair
of links. In the construction set forth in
Letters Patent No. 528,294 the weight of the
piston and its rod was balanced partly by
the weight of the connecting-rod and that of
the lower extension of the secondary levers
and, if required, by a counterweight atiached
to these levers. It has been developed by
study and experiment that a more perfect
balance can be obtained by dividing the
weight of these parts and attaching about

one-half as much weight to the ez{tension of

the primarylever referred toabove. Bythis
means a much steadier movement of the en-

gine is produced than is possible with the

distribution of balancing-weight set forth in
my prior patents -hereinabove specified.

In the accompanying drawings, Figure 1 is
a side view in elevation of a stationary en-
gine, illustrating an application of my inven-
t1011 Kig. 2, an end view of the same as seen
from the left with the caps of the journal-
bearings removed in order to show the jour-

nals in full lines, and I'ig. 3 a vertical longi-
tudinal central section.

While my invention is herein ShOWIl and
will be described as applied to a stationary
steam-engine, 1t 1s equally applicable to lo-
comotive or marine engines and to engines
using motive fluid other than steam.

Referring to the drawings, the cylinder 1,
t whichis of the ordinary construction, is fitted
with a piston 2, secured t1tpon a piston-rod 3
the outer end of which is connected to a lever
7, which in my prior patents was termed a
“primary” lever and which in my present in-
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vention is pivotally connected at its upper
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engine.

links11. Theoppositeends of these links are

connected to a fixed support, which in thisin-
stance is shown as an extension 16 of the cyl-

inder-casting, by another pin 10, about which
said links can oscillate, so that the center of
the pin 9 at the opposite ends of the links will
move in an arc o b and the links carry with

them the lever 7 through their connection

thereto by the pin 9. A counterweight 15 is
secured to the extension 14 of the lever 7
above the pivot 9, said counterweight having
been, as already stated, shown by experiment
to be important for the steady running of the
A double-armed secondary lever 8,
which is composed of two parallel side mem-
bers, each having a journal 13 projecting
from its outer face, has its journals mounted
in fixed bearings 6 on the frame, which beax-
ings are provided with caps 6%, and is coupled
at its upper end to a pin 12, located on the
primary lever between the pins 5 and 9 there-
of. Thelowerend of thesecondarylever car-

- ries a pin 17, to which one end of the connect-
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ing-rod 4 is coupled, the opposite end of the
connecting-rod being coupled to the pin 18 of
a crank fixed on the engine-shaft.

The operation of the counterbalancing sys-

tem above described is similar to that of the .

corresponding members set forth in my prior
patents. Thereciprocating movementsof the
piston 2 are transmitted through the primary
lever 7 to the upper arm of the secondary le-
ver 8 and are transmitted in opposite direc-

~ tion from the lower arm of the secondary le-
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ver to the connecting-rod 4, by which the en-
ogine-shaft is rotated. It will be seen that the
center of the pin 9, which couples the primary
lever 7 to the radial links 11, will move in an
arc a b and also that in order that the center
of the lower pin 9, to which the piston-rod is

attached, may move in a straight horizontal

line the pa,th of the center of the pin 9 should,
theoretically, be in a vertical straight line :
but inasmuch as the arc a¢ 0 approximates
very closely to aright line within the compass
in which the center of the pin 9 moves the di-
vergence of the center of the pin 5 from a
true path due to this cause is so slight as not
to be of practical importance.

The construction of my present invention
is lessexpensive than that of the sliding block
and guides of my prior patents, and the only

-support required for the link or pair of links
- 18 the connecting-pin 10, which while in this
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~ piston 2.

65 one-half of the balancing-weight to an ex- |

instance shown as attached to an extension
of the cylinder-casting may be supported on
any other convenient fixed point, in the dis-
cretion of the constructor.

It will be seen that the counterweight 15
and the connecting -rod both move. coinci-
dently and in the opposite direction to the
Theirmomentum thereforeis made
to counteract or balance that of the piston,
and, as explained, by attaching substantially

-
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tension of the léever 7 and the remiainder to
the lower part of the lever 3 a much steadier
movement of the engine results than under

the prior constructions.

It may in some cases be desirable to couple

the connecting-rod to the primary lever and
piston-rod by the pin 6 or other connection
and place the erank-shaft to the left of the
cylinder instead of to the right, as shown in
the drawings, or two cylinders might be used,
as shown in Fig. 4 of Patent No. 489,648, In
the latter case the connecting-rod may be con-
nected either to the secondarylever, as shown
in that figure, or to the primary lever, as ex-
plained above and all these forms of construe-
tion would embody the operative principle
and essential structural features of my pres-
ent 1nvention.

Iclaim as my invention and desire to secure
by Letters Patent—

1. The combination with a reciprocating
element, of an articulated system of oscillat-
ing levers or links, connected to the recipro-
cating element and forming a guide to insure
rectilineal motion thereof, a link coupling

said system of levers to a fixed support, and

a rod connected to said system of levers and
to a crank and moving in opposite direction
to the reciprocating element.

2. The combination, with a reciprocating
piston and rod, of an artlculated system of
oscillating leversand links, coupled to the pis-
ton-rod. and forming a ﬂ*mde to insure recti-
lineal motion t-hereof, ) 1ink coupling said sys-
tem of levers to a fixed support, a connecting-
rod which is coupled to said system of levers
and to a crank, and moves in opposite direc-
tion to the plston -rod, and a counterbalance-
welght connected to the system of levers and
also. moving in opposite direction to the pis-
ton-rod, the aggregate of said counterbalance-
weight and of the weight of the connecting-
rod bemﬂ* sufficient to eounterbalanee the p1s-
ton and ]{)d

3. The combination, with a reciprocating
piston and rod, of a primary lever connected
at one end to the piston-rod, a link coupled

| to the primary lever and to a fixed support, a

i

connecting-rod coupled at one end to a erank
and at the other end to the primary lever, and
a counterbalance-weight connected to the end
of the primary lever opposite that adjacent
to which the piston-rod is connected.

4, The combination, with a reciprocating
piston and rod, of a primary lever connected
at one end to the piston-rod, a link coupled
to the other end of the primary lever and to
a fixed support, a secondary lever journaled
in fixed bearings and having one of its arms
pivotally connected to the primary lever be-
tween the link and piston-rod connections
thereof, and a c¢onnecting-rod coupled to the
opposite arm of the secondary lever and to a
crank. |

5. The combination, with a reciprocating
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piston and rod, of a primary lever connected | the link and piston-rod connections thereof,
at one end to the piston-rod, a counterbalance | and a connecting-rod coupled to the opposite

- fixed to the opposite end of the primarylever, | arm of the secondary lever and to a erank.

wr i

a link coupled to the primary lever and to a MATTHIAS N. FORNEY.
fixed support, a secondary lever journaledin | Witnesses: | |
fixed bearings and having one of its arms piv- H. W. NICHOLS,

otally connected to the primary lever between | MARY H. O'MALLEY.
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