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To all whom it may concermn:

Be it known that I, DEXTER D. HARDY, of
Chicago, in the county of Cook and State of
Illinois, have invented certain new and use-

5 ful Improvements in Steam-Engines; and 1 do-
hereby declare that the following is a full,
clear, and exact description thereot rcfu*ence _
bemn’ had to the accompanying dmwmws, and
to the letters of reference marked thereon,

1o which form a part of this specification.

This invention relates to an improved con-
struction in steam-engines, aud has reference
more especially to improvements inthe valves
for such engines; and the invention consists in

1z the matters hereinafter described and pointed
out in the claims.
- The engine herein illustrated as embodying
one form of my invention is provided with
four cylinders -arranged at equal distances

:0 apart around the center of a crank-shaft hav-
ing a single crank, thepistons in the opposite
cylmders being rigidly connected with yokes
‘having transverse Slots with which the crank-
pin 18 engatred The cylinders are preferably

Ve Y M,

—

and steam is admitted at the outerends of the
cylinders only, the steam-pressure being ar-
ranged to operate in alternation upon the op-
posite rigidly-connected pistons. The valve

several cylinders, as herein shown, embodies
improved features of eonstruetxon thab will

 hereinafter be described. |
In the accompanying drawings, Figure 1 is

35 a central vertical section of a steam-engine
embodying one form of my invention, taken
upon line x z of Fig. 2. [Iig. 218 a vertical
section of the same, taken upon line x of
Fig. 1. Fig. 3 is a section taken upon line yy

40 Of TFig. 2, showing the valve controlling the
admission of steam to the several eylmders and
its seat. Fig. 4 is a section taken upon line
z z of Ifig. 2 1111131;1%11‘1{1 devwes for reversing
the engine.

45  AS Shown in I‘ws 1 and 2, A A" are two
pairs of opposite (,yhudms arranged at equal
distances apart about a single drwmg -shaft,
B, said cylinders being located radially with
reference 0 the axi "of said shaft. In the

end of the lower cylinder, A.

and A’ are cast integral with the walls A® of

a central box or chamber, A’ within which a
crank, B, upon the shaft Bislocatzd, and the -
several cylinders and the chamber are sup-
ported upon a base, A*, which also forms the 535
The shait B,
as herein shown, is supported in bearings b b

in the casting A* one end of the shaft bemn‘

arranged to pass outwfwdly through the bem-‘
ing O',which is provided with asmtable pack- 60
ing to prevent the escape of steam. |
The cylinders A and A’ are provided with
pistons C and ', respectively, the said pis-
tons bemn 1"10*1(1157 attached to short piston-
rods ¢ ¢/, Wludl are rigidly secured at their in- 65
ner ends toyokes IDand D', having transverse
slots or apertures dd, whmh are enwwed by
the erank-pin 0%, secured in crank: dlshs B
upon the crank- shaft. The crank-pin is pref-
erably fitted in bearing-blocks E and I, con- 70
structed to slide 1n the slots d d’ in the yokes |
D and D/, each of said blocks, as herem shown,
(3011518131110 of two parts, e e mld ¢ ¢, which are
held in contact with the pin by L}emﬂ held -
within the slot of the yoke. 'The blocks LK 75
may, however, be made in one piece and

slipped on the end of the crank- -pin, or said

blocks may be made In two pieces and bolted

or otherwise ﬁsteued tocrather s0 a3 to forma

single block. 80
The inner ends of the cyhnders A and A,
as shown in Figs. 1, 2, and 3 and plefemblv
constructed, are in open communication with
the chamber A’ in which the erank B’ is lo-
cated, and the several pistons are actuated by 8s
the admission of steam totheseveral cylinders
successively in such manner that each pair
operates alternately upon the crank-pin in a
direction at right angles to each other. "The
opposite plstons C and (/in the constraction QO
described being rig 1(11y connected by means
of the piston- rods ¢ ¢ and the yokes D and D',
each opposite pair of pistons will operate, as
far as the action of the steam is coneerned, as
one piston—that is to say, the opposite palrs y
of pistons will be moved in one direction by
the pressure of steam in the outer end of one
cylinder, and in the other direction by the
pressure in the onter end of the opposite cyl-

inder.
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passage, as desired, in order to enable the di-

By arracging the cylinders and pistons in | ; _
rection of the motion of the engine to be readily

the manner above described, the important |

.Ul

advantage is gained that stuffing-boxes for the
piston-rods -are entirely dispensed with, the
only packing connected with the eylinders be-
ing that upon the pistons. In the construc-

~ tiondescribed there will obviously be nosteam-

10

pressure in the chamber A’ and the packing
shown in the bearing 0, through which the
shaft passes to the outside of the chamber, is

- not essential, but 18 mereiy used to prevent

~ the escape around the shaft-bearing of steam.

- that may accidentally enter the said chamber.

-_.'15

2

- Asanimproved constructioninsteam-valves

for engines adapted for use with one or more

steam-cylindery, and when said cylinders are

or are not arranged as herein shown, a valve

18 herein 1llustrated, which is constructed as
follows: |
In the casting A? ata point adjacent to the

- bearing b, at the inner end of the shaft B, is lo-
- cated a valve-chamber, I,which is preferably

l2.5

circular in form and concentric with said shaft,
and 18 provided with opposite parallel plane
sides forming valve-seats K’ and F?, which are

~arranged in planes at right angles to the axis

of the shaft, the valve-seat I’ being located

~at the side of the chamber adjacent to the cyl-

- inders. .
are formed at the sides of the cylinders A and -
A’y and in the casting A’ said passages ter-.

39

Suitable steam-passages, G and &,

minating at their inner ends in ports ¢ and ¢/,
formed in the valve-seat IV at equal distances
from the axis of the shaft B, as clearly shown
in Fig. 3. Within the chamber F and oper-
ating 1n contact with the opposite valve-seats,

~Fand ¥’ is placed a valve, H, Figs. 2 and 3,

40

said valve consisting of an outer annular por-
tion or open ring, H’', fitted closely at its edges
to the valve-seats IV and F% and joined by
means of arms A to a central part or hub, H?,

which 18 provided with a central eylindriecal

- aperture, &', which is placed over a corre-

45

- spondingly-shaped pin, B, attached eccentri-

cally to the end of the shaft B, which extends
through the bearing & into the said chamber
F. By this construction it is obvious that

- when said shaft B is rotated the valve H will

BSE

| . 6¢C

have a continuous revolving or gyratory mo-
tion about the axis of the shaft, so as to bring
the parts g and g alternately into communi-
cation with the steam-inlet and exhaust-pas-
sages of the chamber I?, as hereinafter more
particularly described. * -

Steam 1s admitted to the chamber F exterior
to the ring H’ by an inlet-passage, I, and is
permitted to escape from the chamber by
nieans of a passage, J, entering the cential
part of the chamber within the said ring, the
passages 1 and J, as shown, being formed in a
plate or head, A® forming the bearing-surface

or valve-seat I opposite the valve-seat F'.

The passages I and J, as herein shown, termi-
nate in ports ¢ and j, formed in a valve-cham-
ber, K, which is provided with a slide valve,
L, that operates to bring either of said ports

into communication with the inlet or exhaust

reversed, as hereinafter more particularly set
forth. The said passages I and J may, how-
ever, be connected with suitable pipes, so that

they will themselves form the inlet and ex-
“haust passages to the valve-chamber F; or the

inlet and exhaust passages may be otherwise
connected with the said valve-chamber, as,
for instance, is illustrated in dotted lines in
Fig. 2, in which an annular passage (indicated

-at J') is formed in the casting A? upon the

side of the chamber adjacent to the cylin-
ders, said annular passage being connected
with a pipe (indicated at J*) which may serve

either as a steam supply or exhaust pipe,
and in which a separate passage, I’, operat-

Ing in connection with the passage indicated
at J” either as an inlet or exhaust, is also indi-
cated 1n dotted lines as entering the side wall

of the chamber F. When the steam inlet and

exhaust passages communicate directly with

the chamber I¥, as last described and indicated

in dotted lines in Fig. 2, means for reversing
the engine may be entirely dispensed with, or
said passages may communicate with a four-
way cock arranged to bring either of them
into communication with the steam-supply
pipe, as desired. |
The ring H', befere mentioned as forming

- partof the valve H, is made of the same width

or thickness in both of its opposite bearing-
faces, so that it will have the same area of con-
tact with both valve:seats, F and F’, and is
preferably provided with a separate packing-
ring,/’, constructed to form a steam-tight joint
between the valve and thesides of the cham-
ber. BSaild packing-ring may be of any well-
known or preferred construction—as, for in-
stance, metal or other springs may be applied

| to hold the said packing-ring and the ring H

in contact with the opposite valve-seats, or a
steam-packing may be formed by the entrance
of steam between the packing-ring and the
adjacent part of the valve in a well-known
manner. | |

An important advantage of the construction
by which the valve is constructed with an an-
nular portion, H', constructed to operate in
contact with the opposite parallel valve-seats
I" and E? of the chamber If is, that the sur-
faces of the said annular port which are in
contact with the opposite valve-seats being
the same, the steam-pressure has no tendency
to press the valve against either seat, and a

perfectly-balanced valve is thereby obtained.

The part H’ of the valve H is made of such

diameter, and the ports ¢ ¢ are so located

with reference thereto that when the pin B?
18 at one limit of its throw with reference to
the two opposite ports, as ¢, one of said ports
will be outside of the ring and in communica-

| tion with the steam-space of the chamber ex-

terior thereto, and the opposite port will be
within the ring and in communication with
the space formed by the annular passage be-
tween sald ring and the hub H? this position

79
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ol the parts being clearly illustmted i Figs. |

2 and 3. The motion of the gyratory valve E

obviously has no effect upontheinlet and out--

let passages 1 and J, one of said passages be-
ing constantly in communicationwiththespace

within said annular valve, and the other of

said passages with the space of the valve-
chamber exterior thereto. - |
In the operation of the valve described in
connection with the form of engine herein
illustrated, the gyratory movement of the

valve operates to open and close the several

ports communicating with the ends of the ¢yl-
inders successively, and the ports are so con-
structed and located that as soon as one pis-

~ton is given its forward movement and has

20

carried the crank-pin past the dead-center,
steam will be admitted behind the piston at
right angles thereto, and cause such pisten to

operate with the piston first mentioned, to

~carry the crank-pin through the quadrant ly-

30

40

45

50

ing between the axial lines of the two adja-
cent cylinders. The operation of the said
oyratory valve is the same with reference to
all four of the ports shown in the drawings,

and it 1s therefore obviously possible to ar-

range any number of pairs of ports around the
axis of rotation of the valve to operateincon-
nection with the sald valve, according to the
number of cylinders it is desired to group
about a single shaft. A single pair of ports
will operate equally well In connection with
the valve shown, and such valve may there-

fore beadvantageously used in connection with

a single. steam - cylinder, and in the latter
case the valve may be operated by a pin upon
the erank-shaft, as herein shown, or by snit-
able intermediate driving-cmmections, as pre-
ferred. | |

In case an annular passage or port, J', is

used, as indicated In dotted lines in Fig. 2,

such passage will obviously be constantly 10
communication at some point in I1ts circum-
ference with the space inside of the ring H' in
the same manner as 1s the paqsa,ge J Shown in
full lines in sald ﬁgme

The ports ¢ and ¢ may be of any shape

found desirable to properly admit the steam

to the cylinders. Asherein shown, however,
the outlines of said ports are formed upon
curves disposed in a manner calculated to
cause said ports to be entirely opened and
shut by a relatively slight movement of the
valve. For this purpose, the outer marging
of the apertures forming the ports are pref-
erably formed of two short arcs, ¢*, arranged

- approximately parallel with the periphery of

60

65

thering H when the portiscovered by thering, -

as illustrated in the case of the ports ¢ shown
in Fig. 3, and portions of the inner marginsof
the ports are formed upon lines g’ approxi-
mately concentric with the inner surface of
the ring H' when the ring is in position to
cover the pmts as also shown in the ecase of
the ports ¢’ shown in Fig. o.

It is obviously not essential that the gyra-
tory valve above described should be oper-

ated directly from the crank-shaft of the en-
gine, and the valve-chamber F may oe other-

wise located than as herein shown, and the

valve operated by any sultable connection
with the driving-shaft. By actuating the
valve directly from the shaft, however, an ex-
ceedingly cheap and simple construction in

the engine is obtained, and an accurate oper-

ation of the valve with reference to the ports
always results without the necessity of ad-

justing or changing the relative location of

the parts for this purpose. The valve de-
scribed. being hung loosely upon the pivot-
pin B? is free to rotate upon said pin, and the

. gvratory movementof the valve will obviously
tend to produceaslight movementthereofupon

its axis of rotation. By this means the wear-
ing-surfaces in contact are constantly beiog
cllinwed during the operation of the valve, so
that Lhe wWear w 111 be uniform throughout mlch

surfaces, and a perfect joint thereby constantly

maintained between the valve and its seat.
The hub H*of the valve H 1s preferably fit-
ted closely to the valve-seat F in its portion
around the shaft B, so as to prevent the es-
cape of steam fr.'om
the bearing of the shatt. The opposite S1de
of the said hub may be extended so as to come

1n contact with the seat I, but a space is de-

sirably left between the hub and the seat, so
as to avold the frietion which would be con-
sequent npon the contact of the parts men-

the chamber F throun*h'

70
75

30

QO

tioned, and to allow the free movement of roo

steam within the valve.
The meansforreversing the engine, consist-

ing of the valve-chamber K and slide-valve Li

operating in connection with the passages I
and J, as hereinbefore mentioned, forms the

subject-matter of another application for pat-
ent hereafter to be made by me, and is here-

in claimed only in connection with the gyra-
tory valve described. The contruction of this
device and 1ts operation In connection with
the said g
scribed, as follows: The slide-valve L is of

, 1"ecmuﬁuldr form and provided with four walls
fitted ab their edges to opposite valve-seats L
and LA formed in the chamber K, spaces be-

ing left between the sides of the slide-valve

and the side walls of the chamber, as clearly.

shown in Fig. 4, to permit the passage of steam
from. one end of the chamber to the other
around the valve. Thesaid valveis, asshown,

operated by means of a stem, I, extendmﬂ*

through a suitable stuffing-bosx, k in the wall of
the chamber K, and is held in 1:}0%15101:1 by suit-

ableparallel guides, %, at eitherside of the seats
I/ and 17 of the chamber. The steam-inlet pas-

sage M is connected with the central part of the

gyratory valve may be briefly de-

105

11O

115

120

125 '

chamber, s0 as to remain constantly in com-

munication with the interior of the valve L,
and the steam-exhaust passage N 1s connected
with said chawmber in 1its portion exterior to
the valve. The passages I and J terminate

in ports ¢ and j, formed in the valve-seat I/,
and the valve L 1s constructed with trans-
‘verse end portions, located at the same dis-

T30
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tance apart as the ports 4 and y, so that by | slight change in the position of the shaft

moving thevalve a distance equal to the width

~ of one of the ports plus the thickness of one

of the parts I/ said parts will be carried over
the ports in a well-known manner. The said
valve is preferably provided with a packing,
I*, constructed and operating in the same man-
ner as described in connection with the pack-

- ing of the annular form of valve herein de-
10O

scribed.
When the valve is in the position shown in
full lines in Figs. 2 and 4, the passage I is in

. communication with the Steam- inlet passage

. 20

- M, and said passage I thus forms the inlet-

passage to the valve-chamber of the engine,
and the passage J isin connection with the

‘exhaust-pipe N, and thus forms the exhaust-

passage. By moving the valve L in the po-
sition indicated in dotted lines in Fig. 4, the
functions of the passages I and J are 1eversed
the passage I being brought into communica-

- tion with the exhaust-pipe N and the passage

25

30 i

J with the inlet-passage M.
The advantages of the reversing-valve de-
sonbed when used In connection with the gy-

‘ratory malve, are obvious, the important one

being the simplieity and cheapness of con-
struction thereby obtained.

It will be observed that the valve L, h&V
ing equal bearing - faces upon the 0pp081te
valve-seats L' and L7 is perfectly balanced,
and has no tendency to press upon one sea,t

~more than upon the other, the valve L oper-

ating, as far as this feature of construction 1s
concerned, substant1ally 1n the manner before

described 1n connection with the gyratory

valve herein shown.

In order to provide means for gaining ac-

o ~cess to the interior of the chamber A’ of the

| 40

45

epgine shown in Figs. 1 and 2, and to enable

‘the shaft B to be removed from the engine

when desired, the end wall of said chamber,
or a portion thereof adjacent to the bearing d’
of the shaft B is made removable, such re-
movable part, as herein shown, consisting of

_ - a clrcular plate, a, adapted to cover a circu-
- Jar aperture in the side of the chamber A3

o -

formed by an inwardly- -projecting flange, «/

~to which the said plate « is bolted at its mar-

o1in.
I am aware that a gyratory valve has here-

'tofore been used for controlling the admis-
- sion of steam to several cylmders grouped

around a common shaft, which extends through
the valve-chamber, and by which the said_

-valve 1s actuated, and I do not therefore
~claim, broadly, such a construction; but my

- mentioned,

60

invention, as 1t relates to the parts above
is limited to a construction in
which the shaft extends through one wall only
of the valve-chamber, and 1s provided with
a crank-pin engaged with the valve, as set
forth in the second claim hereto appended
One particular advantage of the construe-
tion last mentioned is that the valve may
thereby remain accura,tely in position between

- - the oppositevalve-seats, notwithstanding any

caused by the bearings thereof getting out of -

line or otherwise, for the reason that the
valve 18 held in position and guided by the

valve-seats, the crank-pin usually being made

relatively short and slightly rounded, so as to
permit the said valve to freely adjust itself in
1ts bearings, and to thereby run between the
latter w1th0ut binding. .Additional advan-
tages of this construction are that the resist-
ance due to the ifrictional contact of the mov-
ing parts is much lessened by the use of a
crank-pin instead of an eccentric upon the
shait, and  that the construction is rendered
much more simple than that heretofore nsed
and above referred to by the absence of a
steam-packing around the crank-shaft at the
outer wall of the valve-chamber.
I claim as my invention—
. The combination, with the crank-shaft of

| 2 Steam engine, and a eyhndel provided with

a Sultable piston and piston-rod, of a valve-

| chamber, an annular gyratory valve, H, lo-

cated within said chamber, driving-connec-
tions for actuating the valve from the crank-
shalt, ports in the said valve-chamber com-
municating by suitable passages with the said
cylinder, and located at equal distances from
the center of motion of the valve, an auxiliary
valve-chamber, K, a centrally-openslide-valve
within said chamber X, ports ¢ and 4, in said
chamber K, communicating by suitable pas-

sages with said valve.chamber I, in its por-

tion 1nside of and exterior to the said annu-
lar valve, and suitable steam inlet and ex-

70

75

30

35

90

95

1O )

haust passages communicating with the said

chamber K, substantially as &lld for the pur-
pose setb f01 th.

2. The combination, W1th a steam-engine
crank-shaft, of two or more radially-ar ranﬂ*ed
steam-cylinders provided with suitable piS—
tons and piston-rods having operative con-
nection with the crank-pin of the shaft, a

valve-chamber provided with opposite par-

allel valve-seats arranged parallel with the
axes of the cylinders, steam-ports ¢ and ¢ in
said chamber, located at equal distances from
the axis of the crank-shaft and communicating
with the said cylinders, steam inlet and ex-
haust passages communicating with the said
valve-chamber,and an annular gyratory valve,
H, constructed to operate in connection with
the said. ports, the said crank-shaft being ar-

ranged to extend through one wall of the valve-
chamber only,and having upon itsend a crank-
pin, B? engaged with and constructed to actu-

ate the said valve, substantmlly as and for the
purpose set forth

3. The combipation, with a steam-engine

cylinder and crank- shafb of a valve-chamber,
I, having opposite parallel valve-seats, and

promded with ports g, commumeabmg with
the cylinder, a shaft, B, provided with an ec-

centric or crank pin, B3 and a valve, H, com-
prising a central hub H"‘ having an &perture
I/, engaged with the pln B?and annular por

105

IIO

115

I120

125

130

| tion H', and arms &, connecting Said annular




RELERT

313,728

“

p01t1011 with the said hub, substantlally as | valve-seats, and provided with ports commus-
and for the purpose set forth, nicating with the cylinder, an annular gyra-
4. The combination, with a steam-engine | tory valve, H, constructed to work in contact
cylinder and a crank-shaft provided with a | with the opposite valve-seats and provided 20
5 cylindrical crank-pin, B°, of a valve-chamber, | with a suitable packing, and driving-connec-
- F,having 0p1)051teparallel valve-seatsand pro tions between the crank-shaft and the said
| v1ded Wlth ports communicating with the cyl- | valve constructed to actuate the latter, sub-
inder, and an annular gyratory valve, H, con- | stantially as and for the purpose set forth.
strueted to work in contact with the 0pp051te In testimony that I claim the foregoingas my 25
10 valve-seats, and provided with an aperture, | invention, I affix my signature in presence of
I/, fitted to the crank-pin, whereby the valve | two witnesses. |
may freely rotate on said pin, substantially as

and for the purpose set fmth DEXTER D. HARDY' |
5. The combination, with the steam-cylin- Witnesses:
15 der and crank-shaft. of a steam- -engine, of a | M. E. DAYTON,

valve-chamber, F, having OppOSlte pamllel JESSE CoX, Jr.
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