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10 all whony it 'Jnay concern:
Be 1t known that I, MILAN W. HALL, a citi-
zen of the United States, residing in Plain-

field, Union county, in the State of New Jer- -

sey, have invented certain new and useful
Improvements in Duplex Steam-Engines, of

which the following is a specification. |
This invention is the subject of patents in

- Great Britain, No. 10,097, dated July 12, 1884;

IO
5
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In Germany, No. 29,996, dated July 2, 1884;

in KFrance, No. 163,084, dated July 1, 1884; in
Belgium, No. 66,018, dated August 13, 1884, |

and in Canada, No. 22,049, dated July 17, 1885.

1This invention relates to duplex engines of
that class wherein the valves are actuated by
steam-pressure alone, the two engines reeip-
rocally controlling each other. It is most

particularly an improvement upon the engine
diselosed in- my United States Patent No.

301,363, dated July 1, 1884. The chief dis-

| tinguishing feature of the duplex -engine de-

25

scribed in that patent consists in the arrange- | -

ment of steam-passages leading from the cyl-
inder of each engine across to the valve-chest
of the other engine, in order that steam from
the cylinder of oneengine shall eross overto the

valve-chest of the other engine, and by direct

impingement actuate the valve therein. Rach

- valve controls the passage of steam from the
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cylinder of its own engine to actuate the valve
of the other engine, and in like manner con-
trols the passage of the exhaust-steam from
the valve-chest of the other engine to the main
exhaust. Ibpoperating the engine constructed
according to that patent some trouble has

-been at times experienced, owing to the lia-

bility of the wvalves to move prematurely,
thereby causing the. pistons to make short
strokes. |

My present invention aims to overcome this -

defect; and to this end it involves two im-
provements on the engine shown in my said
patent: first, such an arrangement of the steam

and exhaust passages to and from the valve-
chests that the ‘‘back-pressure’’ in the cylin-

ders will be conducted equally to opposite

sides of the valve-pistons, and, consequently,

be 1mpotent to move the valves prematurely;

~and, second, the ‘‘loading”’ of the steam-act-

c¢ylinders, as is customary in duplex pumping-

| nated valves to such extent that no mere ine- 50

quality of back-pressure will suffice to move
them, this requiring the direct pressure of the
steam. | | |
- My invention also consists in certain im-
portant improvements in the mechanical con- g
struction of the engines, all as will be fully
hereinafter deseribed. -
Figure 1 of the accompanying drawings is
a side elevation of my improved duplex en-
gine constructed as a pumping-engine.  Re-
ferring to this figure, A is the duplex stean:-
engine, and B the pump. The two steam-cyl-
inders are arranged in line with the two pump-

60

engines, and are connected by a yoke, ¢. Kacéh

engine has one piston-rod, b, which bears the .
steam-piston on one end and the pump piston

or plnnger on the other end. The pump B

may be of any desired construction, and forms

no part of this invention. |

Figs. 2 to 7, inclusive, 1llustrate the pre-

ferred construction of my improved duplex

engine. [Iig. 21sa vertical longitudinal mid-
section of one engine, as denoted by the line

2 21n Fig. 3. Ifig. 3 1s a transverse section
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‘through the two engines, as denoted by the

lines 3 3 1n Iigs. 2,4, and 6. I'ig. 4 is a plan
of the steam-cylinders alone, the valve-chests
having been removed. Figs. b and 6 show
the port-plate removed. Ifig. b is a plan of 8o
the under side of this plate, and Ifig. 6is a
plan of its upper side. Iig. 7 1s a plan of
the under side of the valve-chests and their
connecting-passage. Iig. 81s a diagram il-
lustrating all the working parts and steam-
passages in one view and nearly in the same
plane. Figs. 9 and 10 are similar diagrams
illustrating modifications. Fig. 11 is a frag-
mentary longitudinal seetion on lines 11 11 in
Figs. 3 and 4, showing a slight modification.

Referring to Figs. 2 to 7, C C" are the two

35

steam-cylinders, and D I’ are their pistons.

fixed on the piston-rods 6 6. Each cylinder
has two steam-ports, ¢ ¢/, opening into it at its
extreme ends, and two exhaust- ports, d d,
opening into it a short distance from its ends.
(See Fig. 2.) These ports extend toward the

95

| middle, and between them is the exhaust-port
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¢, as usual, which opens into the main ex- 1 The exbaust-portsk and L' pass down through

haust-passage E. This passage extends across
between the ports ¢ e of the two engines and
leads to an outlet, 1Y, Fig. 4, where the ex-
haust-pipe F, Fig. 1, is to be connected. A
port-plate, G, fits over the flat top of the two
cylinders C ', Figs. 2 and 3, and the scveral
ports ¢ ¢, d d', and ¢ extend up through 1t.
Over this plate works a flat slide-valve, II,
Fig. 2, which operates in the usual way. It
is moved back and forth by a plunger, I, the
enlarged ends of which form pistons, which
work in eylindrical echambers / /" in the steam-
chest J. The valve H', plunger I, and steam-
chest J’ of the other engine are of the same
construction. The two steam-chests J J’ are
connected by a steam-passage, K, Iig. 3, and
they fit over the plate GG, as shown. Through
the ends of the plate G are formed two holes,
g g, Figs. 5 and 6, which open into the steam-
spaces b &, Iig. 3, in the steam-chests J J', and
coincide with two ecavities, ¢’ ¢, 1n the cylin-
One of these cavities 18
closed by a plug, [, and the steam-pipe Li con-
nects with the other. 'Thus the steam-pipe
may be connected to either side of the engine,
and the steam flows from it through the cavity
¢ and hole ¢ into the interior of one steam-
chest, and thence through the passage I\ to
the other steam-chest.

Referring to Iig. 2, where the valve Il 1s
standing at the right, the steam flows from
the steam-chest down the port ¢ into the cyl-

~inder €, where it drives the piston D toward
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the right, and the exhaust-steam escapes
through the port ¢ under the valve A into
the port ¢ and exhaust-passage I&. 'When the
piston moves far enough to the right, 1t covers
the exhaust-port d’, and the remaining steam
in front of 1t acts as a cushion to stop the pis-
ton easily.

Referring to Ifigs. 2, 3, and 4, thereare two
small steam-ports, ¢ and ¢, in each cylinder-
casting, which open into the cylinder, as
shown. Iloles or ports + ¢ are also formed
through the plate G, coinciding with those 1n
the eylinder-casting. These ports i ' open
upward under the valve H or H', and each 18
arranged in line with two other ports, as
shown in Ifig. 6. The six ports are thus ar-
ranged in two rows of three each, all covered
by thevalve. Inone rowis the cylinder-port
i, 1 connection-port, 7, and an exhaust-port, /.
In the other row is the eylinder-port . a con-
nection-port, ¢, and an exhaust-port, . The
valves H I, I'ig. 7, have each (in addition to
the usual main exhaust-cavity, ¢') two grooves,
m and m’,which coincide with the two rowsof
ports. The connection-ports 7 4, being in the
middle,alwayscommunicate with thesegrooves
m ', and when the valve 1s at the right they
are connected through the grooves with the
ports L and 4', respectively,(the ports < and A’
being then covered by the valve and closed,)
and when the valveis at theleft the portsj y’
are connected, respectively,with the ports ¢
and %, (the ports & and ¢ being then closed.)

e rai— mmm

the plate (i, and extend into the exhaust-ports
d’ and d, respectively. They are formed by
orooves o o on the under sideof the plate, Fig.
5, and holes ¢ ¢, drilled in the cylinder-cast-
ing, I'ig. 4.
each engine communieate through passages »
aud 2', respectively,with the chambers J and
7', respectively,in the steam-chestof the other
engine. These four passages n ' n n are
formed by grooves p pin the upper andlower
faces of the plate G, as shown in Figs. 5 and
6. Where the passages o #” eross each other
the respective grooves p p are on opposite
sides of the plate, so that they do not inter-
fere, and they connect through the plate by
holes »” p’. Where these grooves p p end at ¢
q q q, Fig. 6, the passages n ' # %' arc coi-
tinued upward by holes » »» », Ifig. 7, formed
through the steam-chest J J  into the chambers
£ Fig. 2. All these ports and passages
can be easily traced in the diagram, Ifig. S.
The steam-pipe I, 1s here shown 1n the center

between the steam-chests. The valves 11 H’
are shown in two parts, one being o seetion
through the exhaust-cavity ¢ and the other a
seetion through the two grooves mm/,which are
supposed to bearranged end for end instead of
side by side. Referring to thisfigure, the op-
eration will now be deseribed. Steam centers
cylinder C through port ¢ and drives piston
D to the right. When the piston reaches
nearly the end of its strokeit uncovers port ¢,
and live steam passes through that port,
through groove m’ in valve H into port j',
thence through passage # to the chamber /7
of the stecam-chest J’, thus pressing the plan-

oer I’ to the left, as shown, and shifting the

valve H’ to the left. At the same timne the

steam in the chamber f at the other end of

the plunger I’ escapes through passage n, port
4, groove m in valve H, and pasdage £ to
the exhaust - passage d', where 1t joins the
exhaust-steam flowing out from cylinder C.
The shifting of the valve I’ admits steam
through the port ¢ to cylinder ¢, and starts

piston 1) (which has been at rest) on its
leftward stroke. ‘When this piston uncovers
port /, no effect is produced, becaunse this
port is covered by the valve I but when if
uncovers port ¢ steam will flow through this
port, through groove m or valve I into port
7, and thence through passage n into chamber
f of steam-chest J, where 1t will shift plunger
I and valve H to the left. Meanwhile the
steam in chamber f/ at the left of plunger 1
will eseape through passagen’toport)’, through
grooven’ of valve H', and through port A" into
exhaust-port d of cylinder (7, The shifting
of the valve I to the left will start the piston
D (which will previously have come to rest)
on its leftward stroke, and the same series of
operations will be repeated. T'he passages n
n’ enter the ehambers / f at a little distance
from the ends of these chambers, thus leaving
a cushioning-space beyond them in the ends

of the chamberstostop the plungers I I gently,

The connection-ports j and j° of
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A groove, t, is formed in the wall of each | other chamber has had direct communication

chamber f f/, and extends from the end of the

~chamber back a distance equal to the depth
~of the cushioning-space plus the width of the
‘piston on the end of the plunger I or TI.
-When the plunger passes over and closes the

- opening n or 7/, the groove ¢ is opened to the

IO

pressure of steam in the middle of the steam-

chest, and thisstream flows through the groove.

into the cushioning-space, thus stopping the
movementof the plunger. The plungeristhen
balanced with live steam at both ends. As-

~ suming the plunger I to be at the right, as

15

20

20

shown, as soon as the valve H’ moves to the

left, the chamber /' is opened to the exhaust,
and the superior pressure of livesteam in the
chamber f will force the plunger I to the left
a short distance, as shown in dotted lines in
Fig. 8, sufficient to close thegroove ¢ and open
the passagen. Then when the live steam from
cylinder C' is admitted through the port 7 and
passage n 1t will freely enter the chamber f
and force the plunger I to the left. In case
at any time the engine should fail to start

when steam is turned on, it may be started by

the hand-levers N N, Fig. 3, which are fixed

to rocking bars, which pass into the tops of !
the steam-chestsJ J"and have arms P P,which

hang down into the slots in the plungers I I'.

By rocking the hand-levers the arms P P are

caused to press against the ends of the slots
and 80 move the plungers. Thesehand-levers
form no essential part of the machine and may
be omitted. o o

- Prior to my present invention great diffi-
culty has been experienced in all engines hav-

- 1Ingsteam-actuated valves, because of the tend-
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ency of the back-pressure in the ecylinders
when the valves are shifted to prematurely
shift the valve pistons or plungers, and conse-
quently derange the action of the valves.
This derangement results in. shortening the
strokes of the engine-pistons, sometimes re-
ducing them to such extent that the pistons

‘execnte merely & very short movement in the

middle of their cylinders. | |
The action of the back-pressure may be
made clear by reference to Iig. 8. The pis-
ton D 18 here about to stop. When it has re-
malned stationary until the piston D’ uncovers
the port ¢ in cylinder ', the plunger I and
valve H will beshifted tothe left. .
the space in cylinder C to the left of piston D

‘has been filled with live steam at high press-

ure. The shifting of the valve H connects
this space with both chambers f 7 of steam-
chest J’, and this pressure of steam escapes
from cylinder C notonlythrough the exhaust-
port d, but also through the port ¢ and pas-
sage 7 to chamber f, and through the port d,
port &', and passage #’ to chamber . In my
improved engine the same pressure passes
from the cylinder C to both chambers f 17, so
that the plunger 1’ is practically balanced;
but in previous engines of this character the
back-pressure has been permitted to pass from

prematurely.

Previously

with the main exhaust, so that the pressures
on opposite ends of the plunger I have been

unequal, thus frequently shifting the plunger

70

prematurely. ‘This was the case to some ex-

tent with my former construction of engine,
covered by my patent hereinabove referred to.
In order that the change in that construction
of engine which is necessary to apply my pres-

‘ent invention may be readily understood, ref-

erence may be had to Fig. 10 of the accompa-
nying drawings,which is a diagram very simi-
lar to the diagram Fig. 9 in my said patent.
In both diagrams the passages used exclusively
for exhaust-steam are tinted with horizontal
lines. In my former patent the exhaust-pas-
sages from the valve-chests, after passing the

‘grooves in the valve-stems, enter directly into

the main exhaust. For instance, referring to

75
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Fig. 9 in my said patent, piston B’ has just

uncovered the port ¢', and the valve D is be-
ing shifted toward the left. In so doing its

grooves & i connect the passage ¢ with the pas- go

sage j, leading across to chamber I/ An in-

stant previously the cylinder A to the left of

piston B was filled with live steam at full
pressure.
covers the exhaust b at the left and the steam-
Inlet ¢ at the right, both at the same instant.

The movement of the valve D un-

&

The pressure in cylinder A (known as the

‘“back-pressure’’) then escapes through ex-
haust 6, and also through passages ¢ and 4 to
chamber 1/, and presses upon valve-piston ¢,
tending to force it to the left. From the main
exhaust - passage it leads into passages P,
thence through groove 4 and passages i’ and
k to chamber I/, pressing against the piston ¢
and tending to force it to the right; but the
pressure thus exerted against the piston ¢ is
Inferior to that against its opposite side, and
consequently the piston is apt to be moved
This will occur whenever the
preponderance of back-pressure from the cyl-
inder A is sufficient to overcome the friction
and inertia of the valve. That the two press-
ures are unequal may be clearly seen by trac-
ing the respective paths which must be trav-
ersed by steam from both sides of the piston
g before it can escape at the exhaust. Steam

ICO

105

1TO

from the left side has only to pass through

passages £, I, and p"in order to reach the ex-
haust, while steam from 1its right side has
to pass through passages j, j, and ¢, eylinder
A, exbaust-port b, and exhaust-passage d in
order to reach the point where the passage p’
joins the main exhaust, which is a far more
circuitous passage. Furthermore, the back-
pressure 1n cylinder A falls rapidly as the

‘Steam passes out to the exhaust, the pressure

being at all times greatest in the ¢ylinder and
decreasing along the exhaust-passages; hence,

~while the right side of niston ¢ is in direct

commuunication with the high pressure in cyl-
inder A, and the left side is in equally direct
communication with the comparatively low
pressure in the exhaust-passage, it is obvious

the cylinder to one chamber, for f’, and the | that during the escape of the ¢ back-press-

I20
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o are?? from the eylinder there:must be a much
~ higher pressurc ﬂgmnsb OUE: Slde {)f pl.stml A
;thfm acainst the other. . SRR
Refeumn now to Fig. 1() 0( the fwcompa,nyv
mg dmwmﬂs the e%&,mtml change introdueed
SRS 9by my present invention will: be readily un-
- derstood.
ooistead :Gf:]‘oiuim thie main exhaust: Iu, as be-
o fore, outside: of themain valve, extend to the
s O {7, respectively, or, whab 15 sub- |
to! the: ﬂﬂ.ldtl%i..p.ex. (S |
- Jonsequently the back-pressare |
from the: 03]11‘1{1(315 has equally: direct access |
i :to both sides of ithe pist
ter are balanced by an e
- site sides, and are: no 101}(‘*{31 lmb]e to be mwed;
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In my former construction the exhaust from |
o the valve-piston ehamber : passed : directly to:|
the main exhaust outside iof: the main: valve,
~“where the baelk- pressure ismiueh less than |
~ the eylinder, or in the exhaust-port inside ol
s CInomy 1mproved construce- |
U tion the e\h.:mst from the valve- piston cham- |
ber passes either into the opposite cylinder |
or into the exhaust-port therefrom, and thenee |
~out through that port.and. t]u(.mgh, the main. |
being thus: controlled and retarded by | -

exhaust: from the ¢ylinder. |
 Theé ‘construction shown i ]"‘ln

of pressure will shift' them.:
I now use slide-valves, as already fully de-
seribed, which are *f loaded by the pressure
of stcam holding them down to their seats.
Sufficient {riction 1s thus generated to resist
any slight pressure; but when the full pressure
of steam comes against the valve piston or
planger the valve is immediately shilted.
'This construction admits of some inequality
of ‘back-pressurc on opposite sides of the
valve-pistons without causing the prematurc
shifting ol the valves. ][mlwlt 1S nob neees-
Sary that the exhaust- passages from the valve-
piston chambers shatl actually enter theeylin-
ders C ', and instead, for the sake of con-
velnlence and (*hmpng s of construction, 1
cause the passages & A" fo enter the e\.:]mn%t
ports d’ d at lhepomblon clearly shown in Fig.
S, or thereabout. In this case the 1}011&, o
101111 cantlmmtmns of the passages-/t/7, leading
to the eylinder

Kig. 11 Showsau shnhmno(llﬁ ation, wherein
the exhau% passages L &7 actually enter the
main eylinders. Theseetion ischiefly through
one e‘;hawst.—paﬁszlge, I, and one steam-pas-
sage, 1. |

Another feature of my 111?011t10111 will now
describe. Where the ports ¢ 4 enter the cyl-
inders, their open cnds are designated by
black dots. T? ormerly I provided only these
openings, which were covered and uncovered
by the piston in its movement. During the

time that the piston is passing over one of |

o anc-istant.. MO
shall alwavs besdn communicadton wil th. the ... .
¢ylinder onone side or the other of the ]}151,011 .
Inorder to 1&3(;01]1])115]1 this to the same eftect
as though the piston were
width of these: ports, 1 form orooves i u'
{he inner wall of: the uhndm c‘\L“mhn“ from -
thie open ends of the ports @ ¢, IL%pPLtwgh fo-
ward: the ends of the eylinder for a lensth
cqual to the width of the piston, or ratherfor =
do i
rings, (the width of the openings¢ or 4 being oo

TI14

» lab- !
¢ ONOpPo-:|

1.

R 10 14 110‘1?
e ?plefeued by me, for the reason tlmt the valves:
. H H/, being: bd]aucm, are too easily movedin:
N eltherdu‘*gctlm; sothata very slightinequality:
()11 this aecount:

these: ports the port is covered: up and all
comumunication with the eylinder:is cut o

IRE

T find 1t desu&])]@ that these

a distance equal to the width olithe ]mchmf-

f 101‘; ;

only ;151]11(,,]{ asthe:
m 7

(,01151{1(31 ed part: of the lulnbh of 111L HHJ(}V{}%.} SESEREN

ag clearly shown in Figs. = and 8.
Fig, 915 @ diagram smu]m to l* w

The ceneral operation 118 the samo;

The exhaust-steam  front

-é) W 111(*11; |
f-:,h(ms Q@ modmed construction: ot tl1e CNUING.. §z:10 0
Dbutthe
passages: ww areused only for (,,omlu(‘tm” the o0
live steam:to:shift: the plangers oy pistons I .
the chambers

J f is conducted away by additional passages ¢ y

w . which are tinted in the figure.

I’ bem“ eushioned 1n the %f_u:ifr Way
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1. A duplex steam-engine wherein the two
cneines reciprocally control each other by
means of steam-actuated valves constricted
with steanm-passages and exhaust-passages ex-
tending from opposite sides of the valve-oper-
ating niston or plunger of cach engine, and
wummmcatmﬂ with the e¢ylinder of the other
cneineg 11 sucl manner, as deseribed, that the
hack- -pressure In the cylinder shall he con-
ducted equally, or nearly so, {o opposite sides
of the valve-operating pi:"ston or plunger, and
conscguently will be substantially balanced
and impotent to move the piston or plunger
prematurely, substantially as set forth.

2. In a direct-acting duplex steam-engine
having its valves operated by direet steam-
pressure, exhaust-passages leading [rom the
opposite ends of the valve piston or plunger
chambers into the end portions of the mam
cylinders, as described,each passage-way con-
trolled by a valve, combined and ar Icl}]”{}d 0
desecribed, as and for the purposes sct forth.

3. In a direct-acting duplex steam-enging

Thecush- =
wnmﬂ* orooves £ are: Omlﬂed Ul(* -;mlnf{";e;l'sg ) FE
{1%-53?1%]?1@3? EEREEE R

G5
oreatly -
proves and cheapens the: {,ﬂmtumwm of the
all thie: steam- pasmﬂea SRR
Joas o

100

105

[TO

13C




349,157 _ ' ' 5

having its valves operated by direct steam-
pressure, exhaust-passages leading from the
ends of the valve-plunger chambers and com-
municating with the exhaust-ports leading
from the ends of the main cylinders to the
maln valves, each of sald passages controlled
by a valve, combined and arranged as de-

~ scribed, as and for the purposes set forth.
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4. A duplex steam-engine wherein the two
engines reciprocally control each other by
steam-actuated valves constructed with steam-
passages and exhaust-passages leading from
opposite sides of the valve-operating piston
or plunger of each engine, and communicating
with the cylinder of the other engine in such
manner, as described, that the back-pressure
from the cylinder shall be condueted equally,
or nearly so, to the opposite sides of the valve

piston or plunger, and the valves operated by

sald pistons or plungers constructed to be
loaded by a pressure of steam forcing them

‘against their seats, whereby sufficient friction

is generated to resist the accidental shifting of
the valves by any inequality of back-pressare
transmitted through said passages, whereby
said valves can be shifted only by the direct
steam - pressure against their operating pis-
tons or plungers, substantially as set forth.

5. The improved construction of duplex en-
gines having steam -actuated valves, which
consists of the combination of the main cyl-
inders, the valve-chests, and an intervening

plate, G, with the several steam and exhaust

ports crossing between each engine and the
valve-chest of the other, for med by means of
grooves in the joints between sald plate and
the cylinders below and valve-chests above,
substantially as set forth.

6. The improved construction of duplex en-
gines having steam-actuated valves, which

consists in the combination, with the main eyl-
inders and valve-chests, of aport plate, G, hav-
ing grooves in its upper and lower faces, form-

| ing the passages crossing between each engine

ancl the valve-chest of the other, Substantmlly

as set forth.

7. In a duplex engine, the combination of
the two main cylinders, the valve-chests, the
port-plate G between said cylinders and valve-
chests, having grooves forming the passages
crossing between the cylinder of each engine
and the valve-chest of the other, and pmts
formed through it, and the steam-actuated
slide-valves in said valve-chests, arranged to
slide over said plate and to open and cloge the
said ports therein, substantially as set forth.

8. In a duplex engine having steam -act-
uated valves, the combination, with the valves
and their actuating pistons or plungers, of the

valve-chests constructed with chambers f/”" for

sald plungers, with poits » n entering the

same near their ends, leaving a cushloning-

space in the end of each chamber beyond the
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port n, and the cushioning-grooves ¢ ¢ in the

said chambers,substantially asset forth,where-
by when the plunger nears the end of its stroke
and cuts off the exhaust through n 1t openst
and admits live steam in {ront of it to cushion
against.
9. Inftduplex engine having steam-actuated
valves, the eombmatlon with the main cylin-
dersand pistons, of ports ¢ i, leading from the
cvlinder of each engine through the valve
thereof to the valve-chest of the other engine,
and grooves z &/, formed in the cylinders, ex-
tending fromsaid ports toward the ends of the
cylinders a distance equal to the effective
length of the pistons, substantially as and for
the purpose set forth.
" In witness whereof T have hereunto mgned
my name in the presence of two subseribing
witnesses. |
MILAN W. HALL.
- Witnesses: |
ARTHUR C. FRASER,
GEORGE H. FRASER.
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