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To all whom it may concern.
Be 1t known that I, 'RaANz F. NICKEL, a

citizen of the United States, residing at Brook-

lyn, county of Kings, and State of New York,
have invented certain new and useful Im-
provements in Direct-Acting Engines, fully
described and represented in the following
specification and the accompanying drawings,
forming a part of the same.

This invention relates to that class ef di-
rect-acting enginesin which one or more com-
pensating cylinders and pistons are employed
which act in opposition to the main piston
during the first part of the stroke and in coun-
junction therewith during the last part of the
stroke, thereby permitting the steam to the
main cylinder to be cut off after apart ot the
stroke has been made, the stroke being com-
pleted by the expansive force of the steam in
the main eylinder aided Dy the gr adually-in-
‘ered by the compensat-

Examples of engines
of this class are shown in United States Let-
ters Patent Nos. 292,525, 309,676, 332,357, and
341,534 |

One feature of the presentinvention relates
particularly to a system of connections by
which the power developed by the compensat-
ing piston i1s communicated to the main pis-
ton-rod of the engine. In the engines of this
class as heretofore operated the pressure of
the motor-fluid upon the piston or pistons of
the compensating-cvlinder or cylinders has
been uniform orpractically uniform through-
out the entire stroke of said piston or plstons
in both directions, and from this it has re-

-sulted that the de01 case and 1ncrease in the

resistance and assistance offered to the main
pistonof the engine duringthe different parts
of its stroke has been due entirely to the con-
struction and arrangement of the connections
through which the power developed by the
compensating piston or pistons was trans-
mitted to the main piston-rod. In practice,
however, it is sometimes desirable that the
pressure of the motor-fluid upon the compen-
sating piston or pistons should be varied dur-
ing different parts of its or their stroke in or-

der to produce the best propulsive effect on
the engine.

invention relates to a means by which this
result can be accomplished.

In the accompanying drawings, I'igure 1 18
a side elevation, partly in section, of so much
of an ordinary direct-acting pumping-engine
as is necessary to illustrate the application
of the present invention thereto. Iig. 21sa
plan view of the same.

Referring to said figures, it is to be under-
stood that A 1enre.sente a portion of the water
end or pump proper of the engine, @ being
the suection-main.
engine is extended and passes through the
rear end of the water-cylinder, and i_s Pro-
vided with a head ¢, having bearings for a
pair of arms d, the opposite ends of which
rest in similar bemmﬂ's formed in a pair of
arms f, extending from Tock-shafts g, mounted
in bearings secured to the end of the pump.

The shaftb g are provided with arms ., which

extend in opposite directions, and are con-
nected by a link %k in such manner that the
two arms f move to and from each other si-
multaneously and that any movement im-

parted toone of the shafts ¢ is communicated

equally to the other. Oneot -

he shafts ¢ (the

upper one as shown in the present case) is

provided with an arm m, which is connected
by a link n with the plston -rod o0 of a com-
pensating - cylinder B, which 1is
through an induction-pipe p with a motor-
juid, the tendency of which is to constantly
force the piston g of the cylinder downward.
The motor-fluid which acts upon the piston ¢
may, as explained in the prior Letters Patent

before referred to, be steam or atr, or may-be-

a liquid, such fluid being supphed under
proper pressure 1n any suitable manner— as,
for example, in any of the ways described in
said Letters Patent.

The operation of the mechanism as thus far

The piston- rod b of the,
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described is as follows: Assuming the parts

to be in the position shown in the drawings,
and that the engine is about to commence its
stroke from left to right, during the first part
of the stroke the power developed in the main

steam cylinder or cylinders (not shown) will
be resisted by the load upon the engine, and
also by the pressure of the motor-fluid acting

Anether feature of the present | upon the piston g, which will be communi-- 100
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cated to the main piston-rod D through the ] justed. As soon, however, as the pressure

connections which have been described. This
opposition developed by the compensating-

piston will, however, owing to the constantly-.

changing angle of the arms d, which form in

effect a toggle-lever, gradually decrease until

the engine has made one-half its stroke, at
which point the arms ¢ will be brought into
line, and thus offer no opposition to the pis-
ton-rod . As the engine proceeds upon its
stroke the operation will be reversed, and the
pressure upon the compensating-piston will
offer a gradually-increasing assistance to the
engine. Upon thereturn-stroke of the engine
theoperation will bethe same. By this means

it becomes possible to ent off the admission
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of steam to the main cylinder or eylinders of
the engine after a part of the stroke has been
completed and allow the remainder of the
stroke to be made by the expansive force of
the same, aided by the power developed by
the compensating-piston. -

In the operation which has been deseribed
it will be observed that during the first part
of the stroke of theengine the compensating-
piston ¢ is raised in the eylinder B, thereby
tending to expel the motor-fluid from the eyl-
inder,while during the last part of the stroke
of the engine the motor-fluid re-enters the

cylinder, moving the compensating-piston
downward. If thepressureof the motor-fluid

which acts upon the piston ¢ is uniform, the
decrease and increase of the resistance and
assistance of the compensating-piston to the
engine during different parts of the stroke of
the engine will be only such as is due to the
change in the angle of the arms ¢ or conneec-
tions through which the piston ¢ acts upon
the main piston-rod. It is, however, some-
times desirable that the resistance and as-
sistance offered by the piston ¢ should vary
to a greater extent or in a different manner
from the variation produced by the angle of
the arms d, and to accomplish this it is de-
sirable that the pressure of the motor-fluid
upon the piston ¢ should be varied during
difterent parts of the stroke of the piston.
This can be accomplished in a variety of
ways. T'wo of the simplest ways of effecting
this result are, however, illustrated in the
present case. In this organization it will be
assumed that the motor-fluid which acts upon
the piston ¢ is air or other elastic gas. The
pipe p, instead of being permanently open to
allow the motor-fluid to flow freely into and
out of the cylinder above the piston ¢, is pro-
vided with a valve 7, which is controlled by

‘an ordinary diaphragm-regulator s, the dia-

phragm of which is exposed to the pressure
of the motor-fluid in the cylinder B and is
connected with the valve » in the usual man-
ner, S0 as to maintain the valve closed and
prevent the entrance or escape of the motor-
fluid to or from thecylinder I3 so long as the
pressure in the cylinder does not fall below

within the cylinder I3 falls below the mini-
mum for which the regulator 1s adjusted, the
regulator will operate to open the valve r and
permit the motor-fluid to enter the cylinder
from the source of supply until the pressure
1s restored to the proper point, when the valve

70

will be again eclosed. From this it will be

seen that as the piston ¢ is moved upward
during the first part of thestroke of theengine
the motor-fluidinthe cylinderabovethe piston
instead of being forced onutof theceylinder, and
thereby offering uniform or practically uni-
form resistance to the piston,is confined inthe
cylinder, and 1s consequently compressed by
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the piston, thereby offering a gradually in- -

creased resistance to the piston,and by vary-

1ng the amount of clearance spacein the eyl-

linder above the piston the extent to which
the motor-fluid will be compressed, and con-
sequently the variations in its pressure dur-
ing different parts of its stroke, can be regu-

lated to any extent required. As the piston

g 18 moved downward during the last part of
the stroke of the engine, the motor-fluid above
the piston willexpand in the eylinder, thereby

00

exerting a gradually-decreasing pressure upon

the piston. The variations in the effective
pressure of the motor-fluid upon the piston g
can be still further increased by so forming
the lower end of the c¢ylinder B that a partial
vacuum wlll be formed therein upon the up-
ward movement of the piston, thusgradually
decreasing the pressure upon the under side
of the piston as it ascends and increasing the
pressure as it descends. In some cases this
latter means may be all that will be neces-
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sary to accomplish the desired variation in

the effective pressure of the motor-fluid act-
ing upon the piston ¢ during the different
parts of its stroke, and in such ecase the mo-
tor-fluid may be allowed to circulate freely

into and out of the upper end of thecylinder.

For the purpose of producing the partial
vacuum 1n the lower end of the cylinder as
the piston ¢ ascends, the lower end of the eyl-
inderis provided with apipef, having a check-
valve v, which 1s so arranged as to allow the
air to pass freelyout of thecylinder upon the
descent of the piston, but to prevent the en-
trance of air into the cylinder as the piston
ascends. The valve v will preferably be pro-
vided with means by which it can be raised
and held permanently away from its seat, so
as to permit the air to flow freelyintoand out
of the lower end of the.cylinder as the piston
ascends and descends when it is not desired
to utilize the partial vacuum in thelower end
of the cylinder. |

What I claim is—

1. The combination, with the main piston-

rod b, of the arms d, acting upon the opposite
sides of sald rod and against arms £, extend-
ing from rock-shafts g, arms /1, extending in
opposite directions from said rock-shafts and

~ the minimum for which the regulator is ad- ! connected by a link %, and a compensating

-
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cylinder B, having a piston acting to oppose | piston which acts in opposition to the move-.

the movement of the arms 7 from each other,
substantially as described. |

2. The combination, with the direct-acting
engine, of a compensating cylinder having a
piston which acts in opposition to the move-
ment of the piston of the engine during one
part of the stroke and in conjunction there-
with daring another part of the stroke, the

motor-fluid being admitted to the compensat-

ing cylinder on one side of the piston and
confined therein during the return-stroke of
sald piston, and a check-valve located on the
opposite side of the piston,opening outwardly
to allow the air to pass freely out of the ¢yl-
inder as the piston moves toward the check-
valve, but to prevent the entrance of air on
the return-stroke, substantially as described.

3. The combination, with a direct-acting
engine, of a compensating eylinder having a
piston which aects in opposition to the move-
ment of the piston of the engine during one
part of the stroke and in conjunction there-
with during another part of the stroke, the
motor-fluid being admitted to the compensat-
Ing cylinderon one side of its pistononly, and
means for controlling the motor-fluid,whereby
the pressure upon the piston is varied at dif-
ferent points of the stroke, substantially as
described. |

4. The combination, with a direct-acting
engine, of a compensating cylinder having a
piston which acts in opposition to the move-

-ment of the piston of the engine during one

part of the stroke and in conjunction there-
with during another part of the stroke, the
motor-fluid being admitted to the compensat-
ing cylinder on one side of its piston only and
controlled to exert a gradually-decreasing
force on the piston during one stroke of said
piston and a gradually-increasing foree dur-
Ing the return-stroke, substantially as de-
scribed. |

9. The combination, with a direct-acting

L

ment of the piston of the engine during one
part of the stroke and in conjunction there-
with during another part of the stroke, and
means for controlling the motor-fluid of the
compensating eylinder, whereby a gradually-
decreasing force is exerted by the motor—ﬂqld
upon the piston of the compensating cylin-
der during one stroke of said piston and a
gradually-increasing force during the return-
stroke, substantially as described.,. |

6. The combination, with a direct-acting
engine, of a compensating eylinder having a

| piston which acts in opposition to the move-

ment of the piston of the engine during one
part of the stroke and in conjunction there-
with during another part of the stroke, and
means for confining the motor-fluid in said
compensating eylinder, so as to be permitted
to expand during one stroke of its piston and
compressed by said piston during the return-
stroke, substantially as desecribed.

7. The combination, with a direct-acting
engine, of a compensating eylinder having a
piston which acts in opposition to the move-
ment of the engine during one part of the
stroke and in conjunction therewith during
another part of the stroke, the motor-fluid be-
ing admitted to the compensating cylinder on
one side of its piston only, avalve controlling
the motor-luid supply, and a reguiator con-
trolled by the pressure in thecylinder to nor-
mally close the valve to confine the motor-
fluidin the cylinder, butoperated to open and
admit the motor-fluid when the pressure falls
below the point desired, substantially as de-
seribed. | . |

‘In testimony whereof I have hereunto set

my hand in the presence of two subscribing
wiltnesses.

FRANZ T. NICKEL.

Witnesses:
B. W. PIERSON,
J. I, HIOLLOWAY.
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