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UNITED STATES

PATENT OFFICE.

CHARLES C. WORTHINGTON, OF IRVINGTON, NEW YORK.

DIRECT-ACTING ENGINE.
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CPECIPICATION forming part of Letters Patent No. 354,030, dated December 7, 1886,
| Appiication filed June 29, 1886, Serial No. 206,583, (No ﬁmde].)

To all whom it may concerns

Be it known that I, CHARLES C. WORTH-
INGTON, a citizen of the United States, resid-
Ing at Irvington, county of Westchester, and
State of New York, have invented certain new
and useful Improvements in Direct-Aecting
Engines, fully described and represented in
the following specification and the accompa-
nying drawings, forming a part of the same.

This invention relates generally to that class
of engines which are known as “‘direct-acting
engines,”’ but more particularly to a duplex
engine of this class which is arranged to act
vertically and is provided with compound
cylinders.

As a full understanding of the invention

can be bestimparted by a detailed description

of the organization and operation of an en-

gine embodying the same, all preliminary de-
scription will be omitted and a full deserip-
tion given, reference being had to the accom-
panying drawings, in which—

Figure 1 is a side elevation, certain parts
being shown in section, of the steam end of a
vertical compound duplex pumping-engine
embodying the present invention. Fig. 2 isa
front elevation of the same, taken on the line
x xz of Fig.1, certain of the parts beingshown

n section. Iig. 3 is a view similar to Fig. 1,

certain of the other parts being, however, in |

section, showing a modified organization of
certain ol the parts; and Figs. 4 and 5 illus-
trate other modifications, which will be here-
naftter explained.

Referring to said drawings, it is to be un-
derstood that the steam end of the engine
therein shown consistsof four steam-cylinders,
A B C D, which are arranged in pairs, and to
operate upon the compound principle, the
pair A B forming one side and the pair C D
the other side of the duplex engine. The cyl-
1nders for each side of the engine are arranged
vertically and one above the other, the larger
or expansion cylinders, 3 D, being provided
with projections 10, by which they are sup-
ported upon suitable beams, 30, above a pit,
while the smaller or high-pressure eylinders,
A G, are supported upon and a short distance
from the upper heads of the larger eylinders.

The cylinders A Band C D are provided
with the usual steam-chests, ¢ b and ¢ d, con-

~duplex engines.

| taining ordinary slide-valves (not shown) for

controlling the admission and exhaust of the
steam to and from the eylinders. 'The two
valves for each side of the engine are, in the
case shown, connected to a single valve-rod,
and these rods 13 14 are provided with the
usual connections, consisting of arms 11 12,
rock-shafts 17 18, arms 15 16, and rods 20 21,
which latter are connected to arms 22 23, ex-
tending from the main piston-rods 24 25,
these connections being so arranged that the
valves for each side of the engine are oper-
ated by the other in the manner common in
The valve-rod for each side
of the engine may, if preferred, be made in
two parts. ‘T'he pistons of the two eylinders
forming each side of the engine are attached
to a single rod, and these rods 24 25 pass down-
ward through- the lower heads of the larger
cylinders, B D, and enter the pit, where they
are connected directly to the plungers or pis-
tons of the water end of the engine, which is
not shown, but may be of any of the ordinary
constructions, and is also arranged vertically.

It will be observed from the foregoing that
the arms 11 12 for operating the valve-rods 13
14 are connected to these rods between the
steam-chests ¢ b and ¢ d, respectively, instead
of to extensions of the rods passing through
the lower ends of the chests b d, as is common.
By reason of this arrangement of the connec-

tions only one stuffing-box is required in each

of the steam-chests, which not only simplifies
the construction but reduces the friction upon
the valve-rods. |

In the organization shown in Figs. 1 and 2
the arm 22 23, to which the rods 20 21 for op-
erating the valves are connected, are secured
to the piston-rods below the cylinders B D,
the rods 20 21 being arranged to extend be-
tween the cylinders. This arrangement re-
quires the cylinders A C to be raised only a
short distance above the cylinders B D, and
as a consequence the cylinders are connected
by tubular bearings 26, through which the
piston-rods.24 25 pass, thus avoiding the ne-
cessity of employing stuffing-boxes. 7

In the organization shownin Fig. 3 the arms
22 23, instead of being located bhelow the cyl-
inders B D, are located between the eylinders

A C and B D, and the rods 20 21 are cor-
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respondingly shortened.
makes 1t necessary to raise the eylinders A Ca
greater distance from the cylinders BD. Ix-
cept in these partlculars, the organization
shown in Flg 3 18 substantially the same as
that shown in Figs. 1 and 2.

The steam is admitted to the steam-chests a

- ¢ through the induction-pipe 50, and after per-

10

15

forming its work in eylinders A Cis exhausted

throngh the pipes 51, and passes either di-

rectly or through a t&nk into the steam-chests

b d, from which it passes to the cylinders B D,
in Whlch 1t acts expaunsively, after which it is

exhausted through the pipes 52 and passes to

the condenser or to the open air. This man-
ner of using the steam iscommon in compound
engines, and will be readily understood by

- those familiar with this class of engines.
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gine to act spasmodleally
the piston-rods 24 25 are each provided below |
their eylinders BI) with one or more auxiliary

In a direct-acting engine in Whlch there 1s
no.-fly-wheel or other heavy moving part pro-
vided for the purpose of storing up and equal-
1zing the power, it is necessary, in order to
prevent the engine from mcbqupasmodlcally,
not only that the power developed by the en-

gine should be uniform, or nearly so, through
the entire length of the stroke bub also that it
should be the same upon the strokes in each

direction. It is thereforenecessary in the case
of a vertical engine of this class, to provide
means for balancing or counteracting the
weight of the steam-pistons, the. piston-rods,
_and the pump - plungers, as otherwise the

-power developed by the engine would be

greater upon the downstro]{es than upon the
upstrokes—that 18 to say, upon the down-

strokes the power develc}ped would be equal
-to the pressure of the steam plus the weight
of the steam piston or pistons, the piston- -rod,
while upon the I]p.

and the pump-plunger,
strokes the power developed would be equal
to the pressure of the steam minus the weight
of these parts, and this -would cause the en-
To overcome this

pistons or plungers, 48 49, which work in aux-
iliary cyhnders 46 47, and are arranged to act
in opposition to the main steam-pistons dur-
ing their downstrokes and in conjunction
Wlth them during their upstrokes. Asshown
in Fle 1, 2, and o, each of the piston-rods
24 25 is pr'omded with two of the auxiliary
pistonsor plungers,which arelocated upon op-
posite sides of the rods and are connected to
the rods by cross-heads44 45, from which cross-
heads also extend the arms 22 23, which oper-
ate-the rods 20 21.

The auxiliary cylinders 46 47 are supported
upon beams 43, which extend across the pit be-

» low the steam- eylmders and are connected at
their lower ends by a pipe, 42, and branches

41 with a tank or reservoir, .53, Whlch 18 partly

filled with a quuld—-such as water or oil—

which liguid also fills the pipes 42 41 and the
cylinders 46 47 below the plungers. The liq-

nid in the tank 53 is maintained at the proper |

acts upon the surface of the ]1q111d
| case the plunger 54 may be acted on by liquid

| the tank, 1s drawn off and dISLh&FUed

354,030 L

This arrangement | pressure in any suitable or convemenb man-

ner. .This may be accomplished in several
ways. Asshown in Figs. 1 and 3, the tank
53 18 connected by a pipe, 40, with the steanm-
pipe 50, so that the liguid in the tank 53 is
subjected to the steam-pressure. The tank
53 may, however, communicate with the air-

chamber of the pump; or the tank 53 may be

supplied with air under pressure by a suitable

air-compressor operated by the engine or oth-
erwise,

In any of these cases the pressure
upon the surface of the liquid in the tank 53
simply amounts to so much welght, and from
this it follows that the tank may be in the form

of a cylinder, as shown in Fig. 5, and be pro-
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vided with a plunger or plston as 54, which |

Ill this

or fluid pressure, or may be provided with suit-

able weights, as 55, and will form an accumu- -

lator for mamtalmnw the II(ll]ld under the
proper pressure. |

The plungers or pistons 48 49 are of such
size that when the normal pressure exists in
the tank 53 or upon the liquid which acts
upon the plungers the upward pressure upon
the plungers will be sufficient or about suf
ficient to overcome the weight of the steam-

pistons, the piston-rods, and the plungers or

pistons of the pump. TFrom this it results
that upon the downward strokes the resist-
ance offered by the plungers equals the weight
of the steam - pistons, &c., and reduces the
power developed by the engine, while upon
the nupward strokes the assistance afforded by
these plungers equals the weight of the steam-
pistons, &c., and increases the power devel-

oped by the engine, thus making the power
developed by the engine upon “the up and

down strokes equal or pla,ctlcally equal.

It will of course be seen that it is not neces- “
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sary that there should be two of the cylinders

46 47 and plungers 48 49 for each side of the
engine,. In Fig. 4 an arrangement is shown
in which only one cylinder and plunger are em-
ployed. In this case the single plungers are
formed by an enlargement of the piston- rods

- 24 25,

When the pressure in the tank 53 is direct

to the water in the tank.
with an overflow-pipe, as 39, which communi-
water, when it rises above a certain height in

order to regulate the pressure in the ta,nk H3,
the pipe 40 may be provided with a cock or
valve, as 3%, which is controlled by an ordi-
nary pressure-regulator, as 57. DBy this means
the pressure In the tank can readily be main-
tained at any desSired point below that in the
pipe 50. When the accumulatoris employed,

110

II5

| steam-pressure,there will of course be more or .
Jess condensation in the tank, which will add
In such case, there-
fore, it will be desirable to provide the tank

120

| cates with a steam trap, 56, and by which the

In .
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as in Fig. 5, the pressure upon the pistons or - -
plungers 438 49 can readily be varied and regu-
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lated by adding or removing one or more of the
welghts 55.

In the orgfmmfttlon shown 1n Figs. 1, 2, and
3 the eylinders 46 47 and plunﬂ*ers 45 49 also
perform another Important function in con-
nection with an engine organized in the man-
ner shown in the present case. It willreadily
be seen that 1n an engine thus organized the
only practical way to obtain access to the
cylinders B D is by removing the lower heads
of the cylinders, and it will readily be under-
stood that this, particularly in the case of a

Jarge engine, would be an extremely difficult |

opemtlon |

It will be observed that the eross-heads 44
45 are secured to the rods 24 25 by keys 19,
which ean,when desired, be removed, so as to
allow the cross-heads to slide freely along the
rods. It will also be observed that the plun-
gers 48 49 and cylinders 46 47 are of such

length that when the cross-heads are allowed

to slide freely along the piston-rods they (the
cross-heads) can be allowed to move upward
until they are arrested by the stuffing-boxes
on the eylinder-heads. When, therefore, 1t 18
desired to remove a cy]inder-head, the key 19
The pressure in the tank 53 will
then move the pluangers upward until the
cross-head 44 or 45 rests against the stuffing
box in the cylinder-head. The valve or cm,te
31 1s then closed, so as to hold the plungers
and cross-head m this position. The bolts of
the cylinder-head can then be removed with-
out danger of the head falling {from its place.
By then opening the cock or valve 29 the liq-
uid will be drawn slowly out of the cylinders,
thus allowing the plungers to move slowly
downward and lower the bead away from the
cylinderand give accessto its interior. When
the head 1s to be restored to position,the cock
or valve 29 is closed and the valve or gate 31
The pressurein thetank 53 will then
raise the plungers and carry the head back to
position to be bolted to the cylinder.

The proper amount of ligquid can be main-
tained in the tank 53 by means of a small
force-pump, or in any other suitable manner.

Although the improvements constituting
the present invention are herein shown as em-
bodied in a duplex engine, it will readily be
seen that they are for the most part equally ap-
plicable to singleengines, and also that certain
of the improvements are equally applicable
to engines which do not use the compound

c¢ylinders.

What I claim is—

1. The combination, with the bwo cylinders,
steam-chests, and valves of a compound en-
gine, of connections for operating said valves,
which are counected to the main piston-rod
between said eylinders and to the valve rod or
rods between said steam- chest, substantially
as described.

2. The combination, with the ecylinders,
and valves of a compound du-
plex engine, of the rock-shafts 17 18, each con-

|

)

Lo

nected to the valve-rod of one side of the en-
gine between the steam-chests and to themain
piston-rod of the opposite side of the engine,
substantially as described.

3. The combination, with a vertical engine,
of one or more (33,7111?1{1&5:1.._1l as 46 47, and plstons
or plungers, as .48 49, which are supplied
with a liguid under pressure and are arranged

70

to act in opposition to the main piston or 75

pistons during the downstroke of the latter
and in conjunection therewith during the up-
stroke, substantially as described.

4., The combination, with a pumping-en-

| gine 1n which the pump rod or rods i1s or are

vertical or substantially vertical, of one or
more auxiliary evlinders and pistons or plun-
oers, as 46 47 48 49, which are supplied with
a liquid under the pressure of a gas, and are
arranged to act in opposition to the main pis-
ton or pistons or plunger or plungers during
the downstroke of the latter and in conjuunec-

tion therewith during the upstroke, substan-.

tially as described.

5. The combination, with a vertical direct-
acting engine, of one or more auxiliary cyl-
inders which are located below the main ¢yl-
inder or cylinders and have a piston or pistons
or plunger or plungers which 18 or are con-
nected to a cross-head which is detachably
connected to the main piston-rod, substantially
as and for the purpose set forth.

6. The combination, with the main piston-
rod of a vertical engine, of one or more aux-
iliary eylinders and pistons or plungers, the
pipe 42, and tank 53, eontaining a liquid, con-

30
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nections between said tank and a steam sup- -

ply, and a steam-trap for withdrawing the
sarplus liquid from the tank, Subst.-.mt,lally as
described.

7. The combination, with a vertical direct-
acting engine, of one or more auxiliary eylin-
ders located below the main steam cylinder or
cylinders, and having a piston or pistouns or
plunger or plungers which is orare connected
to a cross-head which isdetachably connected
to the main piston-rod, and the cocks or valves
31 29, substantialiy as described. |

8. The combination, with a vertical engine,
of one or more auxiliary cylinders, as 46 or
47, having a piston or pistons or plunger or
plangers which is or are arranged to act in
opposition to the main piston or pistons dur-
ing the downstroke of the latter and 1n con-
junction therewith during the upstroke, and
an automatic pressure-regulator, 57, for regu-
lating the power exerted by the auxiliary pis-
ton or pistons or plunger or plunn*els substan-

| tially as deseribed.

In testimony whereof I have hereunto set my
hand in the presence of two subscribing wit-
nesses.

CHAS. T. WORTHINGTON.

Witnesses:
T. H. PALMER,
GEO. H. GRAIAM.
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