~ (No Model.) 4 Sheets—Sheet 1,

E. E. CLARK.
DUPLEX ENGINE.

No. 513,303, ‘ ‘Patented Jan. 23, 1894.

Q| ||©
Ok ©

’
{
i i
/
Lo
: 4--4-H
' Vi
ol -
) [ {

NEE

o p g =
s B - A
o N0 LY 7 i) 4
=y ] s ,
' 5 ’
L Kl

72.7,

e
JEvEn—
i g

™ M1
m\x‘.: o
~ U it
RIM [Tl
Sl ® T
f’oln
R
AL

THE NATIONAL LITHOGRAPHING COMPANY,
WASHINGTON, D. C.




(No Model.)

- E. E. CLARK.
DUPLEX ENGINE.

No. 513,303 Patented Jan. 93, 1804,

4 Sheets—Sheet &. .

@ Ry NS

N
N

§
al

\‘i\ K
\\E‘ 1‘\
A

_

Q9
N ~
Fm“x o~y -
NS
m

Q

T
N

o

o
\




(No Model.)

No. 513,303,

7

\g o<t

&

R©)

E. E. CLARK.
DUPLEX ENGINE.

4 Sheets—Sheet 3.

Patented Jan. 23, 1894,

N\
N

Fris Bt 9 Foretl)
M

3 1 ‘
c)n«von/ o .

/e

AZ




. (No Model.) = - " 4 Sheets—Sheet 4.
. E. E. CLARK. '

- DUPLEX ENGINE. |
No. 513,303. Patented Jan. 23, 1894,




IO

15

20

30
_ 35
40
45

50

UNITED STATES

PATENT OFFICE,

EZRA E. CLARK,VOF NORTHAMPTON, MASSACHUSETTS.

DUPLEX ENGINE.

SPECIFICATION forming part of Letters Patent No, 513,308, dated January 28, 1894,
Application filed February 2, 1893, Serial No, 460,801, (No model.)

To all whom it may concern.:

Be it known that I, EzrA E. CLARK, a citi-
zen of the United States, residing at North-
ampton, in the county of Hampshire and
State of Massachusetts, have invented an Im-
provement in Duplex Engines, of which the
following is a specification.

This engine is especially adapted for use
with direct acting pumps, but it is available
for other purposes.

By my improvement each valve performs
the functions heretofore effected by two
valves, that is to say, each valve acts to ad-
mit the steam, to cut off the same, allow the
exhaust, and to retain vapor that by com-
pression acts as a cushion to the direct acting
piston.

In the present invention the valves receive
their motions from connections at the cross
heads, and a primary movement is given to
the valve by the cross head of the cylinder
in which the steam is acting, and this pri-
mary movement operates the valve to effect
a cut-off, and a sécondary movement is given
by a connection tothe cross head of the adja-
cent cylinder. Hence with thisimprovement
when the steam is admitted, the piston of
cylinder A commences to move, and by a di-
rect connection its valves are so moved as to
cut off the live steam and allow the exhaust
to remain open. As the piston of cylinder A
completes its movement it acts on the valves
of ¢ylinder B, the piston of which has been
quiescent at the end of the stroke, and the
piston of cylinder B commences its move-
nment and by direct connection cuts off the
steam at the proper place, and the piston in
continuing its movement, with the steam act-
ing expansively, gives motion to the valve of
cylinder A, the piston of which has been
standing still, to admit steam to move the
piston of cylinder A in the opposite direction,
and these movements are continued, the cut-
off being effected by a direct connection, and
the admission of steam being effected by the
anovement of the piston of the opposite eylin-

er.

In the drawings, Figure 1 is a plan view
illustrating the positions of two eylinders.
Fig. 2 i3 a side elevation represénting therela-
tive positions of the two sets of connections.
Figs. 3 to 10 illustrate the relative positions

of the valves and the valve moving devices.
Fig. 11 is an elevation with part of the valve
chests in section showing the devices adapted
to cut off at a different point to those in the
other figures, and Fig. 12 is a detached edge
view of the levers for the cross connections.

‘A represents one cylinder and B the other;
A’ and B’ the respective cross heads, and C
and D show the valves. The valves are near
the ends of the respective cylinders and they
are cylindrieal segments within cylindrieal
valve chests E It to which steam isadmitted,
and each valve is upon a spindle or stem 2
and an oscillating motion is given to thespin-
dlés or stems by crank arms d d’, so that the
valves are moved by the oscillating motion of
the spindle or stem and slide around upon
the interior surfaces of the cylindrical valve
chests, and each valve is made with an ex-
haust port 4 and a cut-off edge 5, and there
are ports 6 and 7 leading into the eylinder,
and exhaust ports 8 and 9 leading to the ex-
haust port of the valve, and the passage 10
leads to the exhaust pipe of any usual char-
acter.

To each engine there is a primary rocker
and a secondary rocker, the primary rocker
for-the cylinder A being marked G and the
secondary rocker H, and for the cylinder B,
G’ and H’ respectively, and from the primary

‘rocker & to the crank arms d d’ there are

links @ ¢ and o’ ¢/, and to the joints 11 be-
tween the respective pairs of links there are
secondary links b b’ fromthe armsof the sec-
ondary rocker H.

It is to be understood that the primary
rocker G receives its motion from the cross
head A’ of the eylinder A, andthe secondary
rocker H receives its motion from the cross
head B’ of the eylinder B, and that the pri-
mary rocker G’ of the cylinder B receives its
motion from the cross head B’, and that the
secondary rocker H’ of the cylinder B re-
ceives its motion froin the eross head A’ of
the cylinder A. These motions can be given

in any suitable manner, but I have repre-
sented an axis 12 for the two levers K and 1,
and the lever L. is connected by thelink 13 to
the crosshead A’ and the lever K isconnected
by the link 14 to the cross head B’, and there
is a link 15 from the lever L fo the crank arm
of therocker H’, and alink 16 from thelever K
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to the crank arm of the rocker H, and there
is a connection from the cross head A’ to the
rocker G through link »’, lever n and link 17
and a connection from the cross head B’ to
the rocker G’, through link »/, lever n and
link 18, and in consequence of the connec-
tions for the links 15 and 16 being on the re-
spective levers,one belowand theotherabove
the axis 12, the movements to the respective
rockers are given in the correct direction.
As the movements of the respective valves
are thesame, I haveonlyrepresented in Figs.
3 t0'10 the movements of the valves to the

- cylinder A: :
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Let it now be presumed that the parts are
in the posilion indicated in Fig. 3. The
steam entersfrom the valve chest by the port
6 and moves the piston A® and cross head A’
in the direction of the arrow, and as the pis-
ton and cross head A’ move, the rocker G is
moved by the connections 17 and when the
rocker G reaches the position indicated in
IFig. 4, the edge 5 of the valve commences to
act as a cut-off, and by the time the rocker G
has reached the position shown in Fig. 5, the
steam is cut off,and it so continues when the
piston A3 has reached its extreme movement
and stops, as illastrated in Fig, 6,in which the
ports 6 and 8 remain closed, but the exhaust
has remained open during all this movement
through the ports 9 and 4 to the passage
10. When this point of movement has been
reached, the piston A® remains quiescent, and
thepistoninthe cylinder Bhas commenced its
stroke in consequence of the movement of the
cross head A’ having acted through 13, L and
15 upon the rocker H’ of the cylinder B in the
manner as is next described with reference
to the cylinder A; that is to say, as the pis-
ton of the cylinder B moves in consequence
of the steam having been admitted to it, it
moves its own primary rocker G’ by the con-
nection 18 in the manner which has before
been described with reference to the rocker
G and its connection 17, and at the sametime
the piston and cross head B’ moves’ the sec-
ondary rocker H of the eylinder A by thelink
14, lever K and link 16, so0 that when the link
16 has moved the rocker II into the position
shown in Fig. 7, the exhaust commences for
the cylinder A through the port 8, and then
the exhaust is opened fully asthe partsreach
the position shown in Fig. 8, and steam is
also admitted by the port 7 to act upon the
piston A% to move the same in the opposite
direction, and Fig. 9 illustrates the fact that
as the piston of the cylinder B’ reaches the
end of its stroke and moves the rocker H to
its extreme position Fig. 9 the port 7 is open
fully for the admission of the steam and the
port 8 for the exhaust, but as soon as the
steamis admitted tothe cylinder A, therocker
G commences to move by the links n and 17
and the cut-off takes place at the same point
at which the cut-off had been effected when
the piston A® was moving in the other direc-
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tion, and the parts assume the position rep-
resented in Fig. 10, in which the exhaust 8

‘remains open and the steam is cut off at 7

and acts expansively to the end of the stroke
of the piston A3, but before the termination
of the stroke of the piston A?its cross head
A’ has acted by the link 13, lever L and link
15 to move the rocker ¥’ of the pyhnder B
and admit steam to thecylinder B in thesame
manner as is indicated by the diagrams 7,8
and 9, as before explained with reference to
the cylinder A. Hence it is iqlpossmle for
one piston to get out of time with the other
piston, because as the piston 0011.1p1etes its
stroke it remains stationary until its Vz_tlve is
moved by the movement of the piston in the
other eylinder.

A scale is shown in Figs. 3 to 10 anfl the
rocker & is represented as having a point so
that the positions of the parts ecan be under-
stood, the scale representing thestrokeas di-
vided up into six parts.

It will be noticed that in Figs. 1 and 2 the
connections between the links « &’ and the
rocker G or G/ are adjustable, so that by va-
rying the positions of the connections the
cut-off can be effected at an earlier or later
point. This will be more readily a'ppreclated
by reference to Fig. 5, where it will be seen
that the port 6 has been entirely closed. If
now the connection between the link ¢ and
the rocker G was moved along farther in the
direction of the arrow 20, the valve would be
thereby moved to uncover the port 6toa
greater or less extent. Hence an adj ustment
of the -connections between the links a and
o with the rocker G in the direction indicated,
will delay the time of closing the port 6, and
thereby lessen the expansion of the steamin
the eylinder. Thisadjustment canbe effected
in any suitable manner.. I have represepted
in Fig. 2, slots for the joint pin connections,
and screws for moving such joint pins along
in the slots of the rocker G.

In the diagram Fig. 11 the same parts as be-
fore described are represented, but they are
proportioned and positioned in such a man-
ner that the cut-off occurs at a different point.
In this figure 11 the valve chests are shown as
broken open to exhibit the valves and ports
in section, and the links b b’ are brought to
one pivotal connection on the rocker H3in-
stead of being connected by the two pivots
to the rocker I, Fig. 2. In this Fig. 11 the
operations take place in the order and in the
manner before set forth, but the time at
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which the cut-off takes place is about three

quarters, while in Figs. 3 to 10 it takes place
at about one third of the stroke.

The vapors cushion the piston after the
same passes the port 8 or 9, the port 6 or 7 be-
ing closed. :

It will be apparent that the valves, rockers
and connectionsherein described are adapted
tooperate withasingleengineaswell as with a
duplex engine, so long as the rockers receive
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substantially the movements herein specified
from any source; such for instance as from
cams and connecting rods on a main shaft
where a fly wheel is employed.

I claim as my invention—

1. The combination with two direct acting
cylinders, of separate valves at the respective
ends of each cylinder, primary and secondary
rockers to each cylinderand links connecting
each valve to two rockers, substantially as
specified, and a connection from the primary
rocker of each cylinder to the eross head of
that eylinder, and a connection from the sec-
ondary rocker of one cylinder to the cross
head of the other cylinder, substantially as
set forth, whereby the cui-off is operated by a
connection to the cross head of the piston that
is being moved and the admission and ex-
haust of steam is regulated by the secondary

rocker and a connection to the cross head of zo
the other eylinder, as specified.

2. Thecombination with the cylinder, pis-
ton, piston rod and cross head, of two rocking
valves and their eylindrical valve chests, each
valve having a cut-off surfaceand an exhau_st
port,.there being inlet and exhaust ports in
the eylinder, two rockers and connections to
the respective valves, and means for moving
the two rockers, substantially as specified, for
giving motion to the respective valves for ad-
mitting, cutting off and exhausting the steam,
substantially as set forth.

Signed by me this 20th day of January,

1893.
EZRA E. CLARK.
Witnesses:
GEORGE W. BURT,
THOMAS CARY.
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