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To all whom it may concerr:

Be it known thatl, LEVI M. SHAW,of Gyp-
sum,in the county of Saline and State of Ikan-
sas, have invented certain new and useful Im-

z provements in Piston Engines; and I do here-
by declare that the following is a full, clear,
and exact description of the invention, which
will enable others skilled in the art to which
it pertains to make and use the same, refer-

ro ence being had to the accompanyingdrawings, |

forming a part hereof, in which— -
Figure 1 is a central longitudinal section
with the piston-shaft and the driven shaft in
clevation. Fig. 2 is a cross-section through
rz the center of the steam-chest with the piston
and abutment in elevation. Iig. 3 18 a sec-
tional elevation of the steam-chest with the
flange of the piston partly broken away to
show the abutment, looking down thereon.
20 Fig. 4 is a detail in section showingtheabut-
ment and the guide-block for the piston. Ifig.
5 is a detail, being an elevation of the inner
face of a part of the wall of the steam-chest,
showing the groove for the abutment. Fig. 6
25 is a detail showing a continuous box for the
piston-shaft instead of an innerand outer box.
Fig. 7 is a perspective view of the abutment.
Fig. 8 is a detail in section showing the abut-
ment and its adjusting devices; I'igs. 9, 10, 11
and 12, outline views showing the relative po-
sitions of the piston, the piston-shaft, and the
walls of the steam-chest at different poiatsin
the circle deseribed by the piston-shaft. l'1g.
13 is a perspective view, in a diagram form,
showing the abutment and piston.

This invention relates toenginesin which a
piston is employed having a travel in straight
lines across the steam-chest and a rolling mo-
tion against the walls of the steam-chest, pro-
ducing a compound reciprocating and gyrat-
ing motion,by whichthe endof thepiston-shaft
iscausedtodescribe acirclearoundaline-shaft
with which the piston-shaftisconnected,there-
by driving such line-shaft; and the objects of
the invention are to give the piston an un-
broken travelin its circuit around the walls of
the steam-chest, thereby preserving a constant
contact between the facesof the piston and the
walls of the steam-chest; to improve the con-
zo mection hetween the piston-shaft and the shatt
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to be driven and havethetwoshaftsin proper
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alienment and the piston-shaft properly sup-
ported and guided; to furnish a support for
the piston from the flange thereof by which &
straight line travel of the piston across the 53
steam-chest will be insured, and to improve
oenecrally the construction and operation of
the engine as a whole; and the nature of the
invention consists of the several parts and
combinations of parts hereinafter desecribed, 6o
and pointed out in the claims as new. -

In the drawings, A represents the end of the
case, which may be formed of a single piece
or of two halves, each having a flange, by
which and suitable bolts the two halves are 63
connected together.” The outer end of the
case A has a flange ¢, and the inner end has
a flange a’. | |

B is a cone-shaped circular chamber in the
end A, which chamber at its outer end ter- 7o
minates in a straight wall 0. | |

('is an annular chamber at the inner end
of the case A, which chamber has a straight
wall, and, as shown, the wall of the case A
has a passage or opening ¢, closed by a capc¢’, 75
by which opening communicationis had with
the chamber (.

D is an end plate for closing the outer end
of the case A, for which purpose the plate is
secured to the flange a by bolts a’’/, and, as 8c
shown, at one side of the plate D is a foot d,
for the passage of the bolts d’ for attaching
the plate to the base orsupportof theengine.

E are annular plates, one for each side of |
the steam-chest, and one of these plates K 1s 8z .
attached to the flange o’ of the case A by
bolts ¢, so as to make a steam-tight connec-
tion between the plate E and the case A, and
the other plate E hasan extension or wall E,

forming an annular chamber C’, similar to go

the chamber C, and the end of this chamber
is closed by a plate D"/, attached to a flange
on the end of the wall E’ by bolts ’’. This
plate D’’ is solid; but the plate D has a cen-
tral boss or hub D/, in whieh is a central hole 95
for the recention of a sleeve, as shown in
Fig. 1. | |

F is aringlocated between the plates Eand
secured in position between the plates by
bolts 7'/, and, as shown, in order to form a 100
firm union between the ring and the plates,
cach plateonits inner face has a shoulder /7,
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and the inner face of the ring T¥ is fonned on | The inner end of the abutment I ﬁts against

the are of a cirele, so as to form a face or wall
J. The ring K can be a continuous one or

can be nmde of two half-rings, each half-ring

having a flange ¥/, as shown in Fig. 2, by
means-of which and bolts 7?the half-rin s;*e are

Jomed together.

G 1S the steam-chest, formed Dbetween the

inner face f of the ring I and the inner faces

g of the plates E, and each face g of each plate
K projects inward, as shown in Fig. 1, so that

- the steam-chest is wider at its perlpherv than
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at 1ts inner edge, and the side walls of the
steam-chest are of a convex shape.,

H is an annular flange, the periphery of
which fits and coincides with the face f of the
ring I, and, as shown, in the periphery of the
ﬂan oe H are triang ular shaped packing-rings
L', one on each “side of the center of the
ﬂanoe and each paekmn -ring is prOJeeted
and Theld outward by a spring % , located in a
recess at one side of the recess whleh recelves
the packing-ring 7/. The flange I has on

‘each side an inelined face £, the inclination

of which coincides with the 11101111&‘[1011 of the
walls g, forming on each side of the flange II
a concave face coinciding with the convex
face of the side walls ¢ of the steam-chest, as
shown in Fig. 1.

I isthe abutmentpessmﬂ'throuwh the flange
H, for which purpose the flange I has a slot
or opening 7, and this abutment cuts across
the steam- c'hest from oneside wall to the other
and forms a partition separating theinlet and

outiet ports for the steam, which ports are

located on opposite sides of the abutment, as
shown in Iig. 4. Kach side Wall or face g of
the steam- chest has a groove ¢’, (shown in
Fig. 5,) which groove is cut dlawonally aCross
the face or wall, and these grooves ¢’ receive
the side edges 2" of the ebutment 1, by which
the abutment 15 located at one side of the cen-
ter of the flange 1n a diagonal plane parallel
with a radial line passing through the center
of the flange, which plane in its passage cuts
the radial 1111es on the flange, except the one
with which it 1s parallel, as 5hewn Iin Iig. 2,
and this abutment is inclined in its relation
to the line of contact of the flange with the
walls of the steam-chest for the line of con-
tact to pass from the exhaust to the supply
side of the abutment with an unbroken sup-

- port in passing from the inner to the outer

ile

end of the abutment, and vice versa.

J 1s a ball made in two parts, one of which
has a screw-threaded neck or end 7, which en-
ters a serew-threaded hole 7" in the other por-
tion of the ball, as shown in Ifig. 1, and this
ball as a Whole has a central annular recess

’,which receivesthe inneredge of the flange
I, f01 which purpose the ﬂanwe has a central
hole for the passage of the end 7, so that the
end can be passed through such hole and the
female portion of the ball bescrewed to place,
firmly connecting the flange I with the bali

J,as shown in Pln 1, and When connected the |

the face of the ball J, for which purpose this
end has a circularconcave face+’’, conforming
to the face of the ball, and, as ehown this in-
ner end of the ebutment 1S of a less Wldth for
the purpose of permitting the abutmentto cut
through the packing-rings for the ball without
destroying the rings. The edges 7 of the
abutment I fit snuo'ly in the grooves g’ formetd
therefor in the inner face of each plate E, and
the outer end 2° of the abutment fits qnuc*ly

.L 1n a ﬂleove formed therefor 1n the inner feee

place it will be etee,m tl“‘ht and prevent the
steam from passing from the supply to the
exhaust withont passing around the steam-
chest.

K are the packing- llnnfs forthe ball J, which
rings are located on oppnsﬂ;e stdes of the ball,
and each ring has a bearing-face k& of a con-
cave shape to receive the ball and, as shown,
the packing-ring on one side has an opening
or hole &” for the passage of the piston-shaft.

L 18 a follower located in the chamber C of
the end case A, and having its inner end
screw-threaded to enter a screw - threaded
opening in the plate E, and at the inner end
1s & rim or flange I/, which bears against the
end face of the pa,ekmﬂ*-rm and a similar
follower 1./ is located in the ehamber C’ upon
the opposite side of the ball J, and by means

of these followers the pfwlmm -rings K ean be

advanced as required for wear zmcl for the
purpose of advancing the followers. Each fol-
lower has a series of holes m, which come in
line with the opening ¢, so that by the use of
a lever or other smtable tool each follower
can be advanced as required. |

M is a cone-shaped hole or opening through
the follower 1.

N 1s the piston-shaft, one end of which is
firmly secured to the ball J at the center
thereof, and this plston shaft extends out
from the ball J and enters the chamber B of
the case A, as shown in Fig. 1, and is made to
stand at an angle for the S1de taces h of the
flange H to lie in contact with the side faces
g of the steam-chest ¢ and hold the flange at
an angle to the center of the steem-eheet to
preserve a line of contact between the flange
and the steam-chest.

O is a eene-shaped head lying in the cham-
ber B and the opening M, and having on one
side a groove o to receive boxes n, in which
the metou-eheft N 18 supported, m]d these
bexes n can be an inner and outer box, as
shown in Fw 1, or a continuous box, as show
in Fig. 6.

P is a shaft to be driven, entering at 1S

‘inner end the head O atthe center of the head

and secured to the head by a key p, and this
shaft P and the piston-shaft N are to be in
the same plane one with the other, for which
purpose the groove o and the hole for the
shatt I” are in line one with the other.

(Q is a sleeve, through which the shaft P

ﬂanﬂe H and the b‘iH J eonstltute the piston. | passes, and this 'Sleeve at its i inner end enters
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the head O for the head to revolve thereon,
and is secured in the hub or center D’ by a

set-screw ¢, by means of which the sleeve O

is locked against turning.

" R is a channel across the face fof the ring
F, which channelrunsin a straightlineacross
the steam-chest, as shown 1n IFig. 4.

S is a sliding block located in the channel
R and fitting snugly in the c¢hannel, so as to
be free to move back and forth across the
steam-chest.
receives the end of a pin #, firmly secured 1n
the periphery of the flange H. B

T is a plate attached to the side of the
steam-chest on the ring ¥ and plates K by
bolts 4. |

U is an opening in the platel' to receive a
pipe for supplying steam to the steam-chest
G, which opening U communicates with a
supply-port « in the ring F, leading into the
steam-chest on oneside of the abutment I.
"~V is an opening in the plate T to receivea
pipe for the exhaust of the steam, for which
purpose the opening V communicates with
an exhaust-port u, leading from the steam-
chest G on the opposite side of the abutment
I. The channel or groove IR, as shown, is lo-
cated in line with the exhaust-port ¢ and is
wider than the exhaust-port, so as to form a
hottom for the block S8, and, as shown, leading
from the exhaust-port on each side of the
channel R is a hole W to insure a proper ex-
haust in case the exhaust-port is not of a suffi-
cient size for exhausting purposes.

W is a base or suppert on which the en-
oine as a whole is mounted, and to which the
engine is secured by the foot «, the bolts
d’, the feet e, and the bolts ¢’, as shown 1n
Ifig. 1. .

The abutment I is held for its end <'” to be
in contact with the face of the ball by aajust-
ing-serews z, passing through holes in the
plate T and entering screw-threaded holes In
the ring T, and, as shown, between the ends
of the screws z and the edge 2° of the abut-
ment are coiled springs 2/, which give a yield-
ing pressure for the abutmentI on the ball.J.

The parts are assembled by entering the
packing-ring K into its plate E and attaching
such plate to the end of the case A by the
flange ¢’ and the bolts «>. The follower L 1s

inserted in the chamber C and screwed into

the plate E for its end !’ to abut against the
packing-ring K. The ball J, with the flange
11 secured thereto, is placed in position for
the ball to enter the packing-ring K. The
ring I is attached to the plate E by the Dolts
' tosurround the flange . The abutment 1
is slipped into place, passing through theslot 0
and entering at its edge ¢’ into the groove ¢’
for its end ¢/’ to lie against the ball and 1ts
end 7% in the groove therefor in the ring .
The plate E, with the wall E’, having the
packing-ring K therein, isattached to the ring
F by the bolts f// for the packing-ring to re-
ceive the ball J and the groove ¢’ to receive
the edge 4’ of the abutment I. The follower

This block has a hole s, which

_‘

I/ is inserted in the chamber C” and serewed
into the plate E for its end /' to abut against
the packing-ring IX. Theplate D’” isattached
to the end flange of the wall E’ by the bolfs
d’’ closing that end of the engine.
O is entered into the chamber I3 and con-

! nected with the shaft N by the groove o and

the box or boxes n. The shaft I’ is secured
in the head O by the key p. The sleeve Q is

o

The head -

75

slipped onto the shaft I’ and into the end of

the head O, and the plate D 1is attached to
the end of the case A Dby the flange ¢ and the
bolts o/’ with the sleeve Q in the hub or cen-
ter D', where it is locked and held by the set-
screw ¢, and this sleeve Q can be used to force
the head O forward to set the shaft N at the
proper inclination, and the plate I'is attached
in position by the bolts £, and when the sev-
eral parts are together the engine as a whole
is attached to the base or support W by the
feet d e and the bolts ¢’ ¢, |

The packing-rings IX are made to fit the
ball J by advancing the followers Land L/, and
when the engine is in position a steam-sup-
ply pipe is attached to the plate T at the
opening U, and a steam-exhaust pipe is at-
tached to the plate 1" at the opening V, so
that steam’ is supplied through the opening
U and the port u to the chamber ( on each
side of the flange I, and steam is exhausted

from the chamber G oneach side of the flange

I through the exhaust-port v and the open-
ing V, and the steam supplied through the
supply-port « will pass entirely around the
chamber G to the exhaust-port v, and such
passage will be continuous.

In use the steam entering the supply-port
@ and passing around in the chamber G to
escape at the exhaust-port v will carry the
flange II back and forth across the steam-
chamber (¢ by the steam acting first on one
side of the flange H and then on the opposite
side as such flange changes its position in
relation to the supply-port. This moving of
the flange H to and fro across the chamber G
causes the faces /i of the flange to roll against
the walls ¢ of the steam-chamber on both
sides, and this roiling movement 18 had by
the turning of the ball J in its socket, formed
by the packing-rings K, and from this rolling
mevement the end of the piston-shaft N-is
made to describe a circle, imparting a rotary
movement to the head O, which movement 1s
transmitted to theshaft I, driving such shaft.

The flange H and the ball J form a piston,
from the movement of which the shaft N 1s
made to describe a circle, and the position of
the piston in relation to the abutment and the
movement of the piston-shaft 1n the cirele
describéd byitsend areshown by the diagrams
Figs. 9,10, 11, and 12. The diagram Fig. 9

shows the flange in relation to the abutment
and the position of the piston-shaft N when
the flange has moved one-half of the distance
across the abutment in the direction of the
arrow, or to theright, and in this position the
contact-line of the flange with the walls of
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~ the steam-chest is one-quarter of the distance

. | [Q

N 5320:

‘around, and steam issupplied to the chamber
& through the port w on lioth sides of the
~ flange H, and steam is exhausted from both
5 sides of the flange H through the portv when
- the parts are as shown in Fig. 9. The con- |

~ tinued movement of the flange H in the di-

~ rection of its travel to the right carries the |
- flange over the abutment to the right-hand |
side, as shown in Fig. 10, in which position
~ the contact-line between the flange and the:
~ walls of the steam-chest has been advanced
~another quarter and the shaft N has been
~carried to the position shown in Fig. 11,
‘which is a half-revolution, and with the parts

in the relation of Fig. 11 the periphery of the

- flange on theright-hand edge has passed both
- the inlet-port % and the exhaust-port and
- closed both of such ports at the right-hand
- side of the abutment. At this point the

. flange II begins its return movement across
. the sieam:chest- over the abutment T in the
~direction of the arrow in Fig. 11, and when

~ the contact-line between the flange H and the
~walls ¢ of the steam-chest G has been ad-

~ vanced another quarter the -flange 11 has

o traveled across the steam-chest to the posi-

‘been carried around to the position of Fig. 11
-and has described a three-quarter revolution,

- and with the parts in this position steam is
~supplied through the port » to both gides of
. the flange H and steam is exhausted from

40
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- : o both sides of the flange Il through the port
.

v. The advance of the contact-line between
the flange and the walls of the steam-chest
for another quarter carries the parts into the
position shown in Fig. 12, in which the flange
has traveled back across the steam-chest and
over the abutment I to close the supply-port
u and the exhaust-port v on the left-hand
side of the abutment,and in this position the
flange H has made an entire traverse across
the steam-chest and is ready to be carried
back in the direction of travel shown in Fig.

9, and with this direction of travel the con-

tact-line between the flange I and the walls
of the steam-chest G when carried around
another quarter will bring the parts into the
position shown in Fig. 9, and these move-
ments of the flange back and forth across the
steam-chest will continue as long as steam is
supplied to the chamber G. The position
shown in Fig. 9 may be regarded as having
the contact-line between the flange H and
the steam-chest G advanced one-quarter

~around from the starting point, whieh is the

OO

abutment, and in this position the end of the
shaft N has described a quarter-cirele, and
with the parts as-shown in Tig. 10 the con-
tact-line between the flange and the walls of
the steam-chest has advanced one-half the
distance around and the shaft N has de-
scribed half & circle, and with the parts as
shown 1n Fig. 11 thecontact-line between the
flange and the walls of the steam-chest has

~advanced three - quarters of the distance

il
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shown in Fig. 12 the contact-line between the

the steam-chest G

~ment is used as a starting-point.
It will be seen from the foregoing desecrip- 7
tion and the diagram illustrations that, ex-
cept at two points—namely, the limit of the
travelof the flange Hin both directions across
steam is admitted on both .
sides of the flange at the supply-port at all
‘times and travels around from the supply
side of the abutment in the space between
{ the flange H, the side walls of the steam-
chest, and the abutment on both sides of the:
i flange to the exhaust-port, the result being a, -
constant supply of steam, which travels con- =~
tinuously, moving the flange I to and fro
across the steam-chest through the pressure =
of the steam in the chest against the abat-
e
walls of the steamn-chest and the faces of the 7
Hange, and it will be seenn that in the initial
start 1n either direction the opening for the
steam 1s very small and gradually widens as
the flange is carried across the steam-chest ¢z
until half a circle has been described, when
the steam space between the flange and the
wall of the steam-chest gradually narrows .

ment on the supply side and against the

-

for the remaining travel of the flange.
. Lhe piston formed by the flange [l and the
ball J is supported in the steam-chest G for

the flange to have a contaet-line with the
walls of the steam-chest by the piston-shaft
N and the head O, and the steam-chestis di-
vided by the abutment I, so as to have a sup-
ply and exhaust gide. | o

Lhe angle of the piston-shaft N is changed
for the proper contact between the flange H
and the walls g of the steam-chest by adjust-
ing the head O through the sleeve Q orinany
other suitable manner, and the ball J is heold
In position' by the packing-rings K, which.
form a socket for the ball, by which the ball
18 supported, and in case of wear the
ing-rings can bhe advanced to take up the
wear by turningthe followers Land L’ through
the holes m and a suitable lever inserted
through the opening ¢ into a hole m in line
with such hole, and after the follower has
been advanced the tool can be removed and
the hole ¢ closed by the cap or cover ¢/, and

around and the shaft N has described thee- . .
quarters of a circle, and with the parts as e
| | e 7¢
flange and the walls of the steam-chest has =
completed its travelmjm_mzd and the shaft has
described a complete circle when the abut-

100

105

ITO

pack- =~
115

this advance of the packing-rings K throngh

the followers L will be uniform and equal at
all points by reason of the engagement of the
rim " with the packing-ring its entire cirele,

The flange H should move over the abut-
ment without contact,and this end is secured
by means of the channel R and the block N,
which travels back and forth in the channel
by reason of its attachment to the flange H
through the pin 7,and as the channel R is in
a straight line across the steam-chest G and
the block S moves in this channel it follows

that the flange H must also move in a strai ght

So
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line across the steam-chest, which line is like-
wise the line of the abutment I, and as the
space or opening + in the flange I is a irifle

wider than the thickness of the abutment I

the edges of the flange at the opening ¢ will
not come in contact with the abutment I, as

the flange cannot varyvin its course across the

steam-chest. The connection of the shaft N

with the head O, as shown in Fig. 1, is by an
nner and outer boxn and the groove o, and,

as shown in Fig. 6, this connection is had by
the use of a continuous box » and the groove
0, and 1n place of using these boxes 7 the

shaft N can be connected with the head O by

a hole formed in (he head to receive the .end

of the shaft; but in any event the groove o

and the hole in the head O, which receives
the ends of the shaft PP, must be in the same
plane one with the other, with the hole for
tne shaft P at the center of rotation of the
ITleEL(l O, which center is the center of the ball

head O by the boxes n enables any slight va-

riation in the alignment to be readily taken
up by setting the box » accordingly, and for |

this reason the boxes n afford the best means
for attaching the piston-shaft N to secure

pioper alignment.,

The wear on the edge or periphery of the

flange I1 is compensated for by the packing-.

rings A", which arve held against the wall f

of the chamber G by the action of the springs | _ _
' steam-chest, a piston inthesteam-chest formed

I, preventing the passage of steam from one
side to the other of the flange I, except by
passing around from the supply to the ex-
haust side of the abutment and what little
Such
steam will 1in no way affect the operation of

the piston, as the pressure of the steam on

both sides of the flange I is always in a di-
rection 1o move the flange in the same direc-
tion, and by holding the flange Il clear of the
abutment at the opening 2 wear on'the abut-
ment from the travel of the flange Il 1s pre-
vented, and consequently wear on the flange
to Increase the size of the opening .

The word “diagonal” in connection with
an abutment is a defining word, indicating
the position of the abutment in relation to
the flange and steam-chest as tangential-with
its outer or starting point in line, or nearly
so, with the periphery of the baili, and its 1n-
ner or terminal point in or near a vertical
line from the center of the ball for the line of
the abutment {o be outside of the piston-
shaft, as clearly shown in IFig. 2, and the line
of tangentity is one at an angle of forty-five
degrees, or approximately so, to a horizontal
base or other line. This diagonal abutment

is in no sense a straight-line radial abut-

in both of which constructions the radiation
is in a direct line from the piston-shaft, and
with such direct-line radiation the abutment
is subjected to a blow from the piston at each
revolution because of the drop of the piston,
and the result of the continuous blows 18 a

" more or less jar and concussion. _
onal abutment obviates all these defects of a

The attachment of the shaft N to the |

ment nor an inclined-line radial abutment,

wearing out of the abutment at the center,

allowing an increased back swing for the pis-

ton, and such back swing produces a back-
lash on the piston-shaft, causing an uneven
motion and not a true circle traverse of -the
shaft, and the travel of the piston over the
abutment is a broken interrupted one by

reason of the drop o and the wearing of the

abutment out at the center and produces

radial abutment, as it gives a continuous un-
broken support, over which the piston con-
stantly travels without any drop, thus pre-
venting back swing of the piston and back-
lash of the shaft and giving the shaft a true
circle of rotation.

What I claim as new, and desire to secure
by Letters Patent, 15— |

1. The combination, in an engine, of an
annular steam-chest, a piston in the steam-
chest formed of a flange and a ball, with the
flange at the center of the ball and travers-
ing the steam-chest on straight lines ant roll-
ing against the walls of the steam-chest, an
abutment cutting the flange diagonally at
one side of the center of the piston, and a
niston-shaft projecting at one side of the pis-

ton from the center of the ball transversely

to the flange, substantially as and for the pur-
noses specified. |
2. The combination, in an engine, of a

of a flange and a ball, with the flange at the
center of the hall and traversing the steam-
chest on straight lines and rolling against the
walls of thesteam-chest, an abutmentcutting
the flange diagonally at one side of the cen-
ter of the piston, a piston-shaft projecting at
one side from the center of the ball trans-
versely to the flange, and a head recelving
and supporting the piston-shaftin aninelined
position,substantially asand for the purposes
specified.

3. The combination, in an engine, of a

steam-chest, a piston formed of a flange and

a ball, with the flange at the center of the ball
and traversing the steam-chest on straight
lines and rolling against the walls of the
steam-chest, an abutment cutting the flange
diagonally at one side of the center of the
piston, a piston-shaft projecting at one side
from the center of the hall transversely of
the flange, a head receiving and supporting
the piston-shaft, and a center bearing for the
ball, substantially as and for the purposes
specified, |

4. The cowmbination, in an cugine, of a

‘steam-chest, a piston inthesteam-chestformed

of a flange and a ball, at the centerof which
the flange islocated and traversing the steam-
chest on straight lines and rolling against the
walls of the steam-chest, an abutment cutting
the flange diagonally at one side of the cen-
ter of the piston, a piston-shaft projecting at
one side from the center of the ball trans-

o |

versely to the flange, & head receiving and
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suppmtlnh the piston-shaft, a center bearing | flange and the face of the steam-chest, sub-

for the ball, and a connection between the
piston- ﬂanﬂe and the steam-chest, sabstan-
tlally as and for the purposes Speclﬁed

5. The comlnnatlon in an engine, of a
ateam chest,a piston mthe steam- cheqtformed
of a flange and a ball, with the flan ge-at the
center of the ball and t"avezsmw the stean-
chest on straight lines and 101111]0 againstthe

walls of the stemn chest, an abrtment cutting

the flange diagonally at one side of the cen-

ter of the piston, a piston-shaft projecting at

one side from the center of the bali trans-
versely to the flange, a center bearing for the
ball, & connection between the ﬂfmne andthe

f&CG‘ of the steam-chest, and a driven shaft-

connected to the head, substantially as and
for the purposes qpecmed

0. The combination, in an engine, of a
steam-chest having eom ex contaet W Llls a
piston in the Steam chest formed of a ﬂanﬂe
having concave side faces and a ball, with the
_ﬂannp at the center of the ball and tmver*smn
the stedm chest on strmnht lines and 1‘0111n0‘

~against the walls of the Steam chest, an abut...

‘ment cutting the flange dmf‘ronzﬂly at one side

of the center of the PlStOH and a piston-shaft

projecting at one side from the center of the
ball tl.:msve‘*sefy of the flange, substantially
as and for the purpose spemﬁed
7. The combination, in an engine, of a
stemn—chest having convex eontaet walls a
pistonin the ste.;tm chest formed of a ﬂfmﬂe
having concave side faces and a center ba,ll
tluwelslnﬂ the steam-chest on straight lines
and mlhn'D against the walls of the steam-
chest, an abutment cutting the flange diago-
nﬂlly at one side of the center of the pIHtOI], a
piston-shaft projecting at one side from the
center of the ball, and a head receiving and

supporting the piston-shaft, &,ubstantmlly
specified.

8. The combination, in an engine, of a
steam-chest having eonvex contact-walls, a
piston in the steam-chest formed of a ﬂanﬂe
having concave side faces and a center hall

and tr wersing the steam-chest on straight

55
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Iines and 1*0]1111& against the walls of the
steam-chest, an abutment cutting the ﬂanﬂe

-diagonally atone side of the wntel of the pis-

ton, a piston-shaft projecting at one side from
the center of the ball, a ]1ea,d receiving and
supportingthe piston- Shdft and a center bear
1ing for the ball, &aubStﬂHtlﬂll as and for the
purposes S]pecmed

J. The combination, in an engine, of a
steam chest having convex conta,ct-n a,lls, a
piston in the steam chest formed of a flange

having concave side faces and a center b&ll‘

and tmvelsmﬂ the steam-chest on strmnht

~lines and rollmﬂ agalnst the walls of Lhe

steam- chest, an abutment cutting the flange
dlac- onally at one side of the eenter of the pis-
ton a piston-shaft projecting at one side from
the center of the ball, a head recelving and
supporting the plston-shaft a center bem‘mﬁ'

stantially as and for the purposes specified.
- 10. The combination, in an engine, of a

steam-chest having convex contact-walls, a

piston 1n the steam-chest formed of a flange
having concave side faces and a center ball
and traversing the steam-chest on straight
lines and rolling against the walls of the
steam-chest, an abutment cutting the flange
diagonally at one side of the center of the
piston, a piston-shaft projecting at one side
from the center of the ball, a head receiving
and supporting the piston-shaft, a center
bearing for the ball, a connection between the
flange fmd the faee of the steam-chest, and a
dru*en shaft connected to the head, subsmn-
tially as and for the purposes specified.

11. The combination, in an engine, of a
piston formed of a flange and a center ball, a
piston-shaft projecting at one side from the
center of the ball, and a head receiving and
supporting the projected part of the piston-
shaft at both the outer and inner ends and
holding the piston inclined, subqtantmll} as
and for‘ the purposes C%pemﬁed

12. 'The combination, in an engine, of a
piston formed of a flange and a center ball, a
piston-shaft projecting at one side from the
center of the ball, a head receiving and sup-
porting the projected part of the shaft at both
the outer and inner ends, and a shaft secured
to the head and driven thereby, substantially
as and for the purpose specified.

13. The combination, in an engine, of ¢
piston formed of a ﬂann*e and a center ba.ll, £
piston-shaft pro,]eutmn‘ at one side from the
center of the ball, a head receiving and sup-
porting the shaft, and a eo.ﬂnectlon between

the piston-flange and steam-chest, substan-

tially as and for the purposes bpeelﬁed

14. The combination, in an engine, of a
piston formed of a ﬂd,I]f?e and a center ball, a
piston-shaft projecting at one side from the
ball at the center, a head receiving and sup-
porting the piston-shaft, a driven shaft con-
nected tothe head, and a connection between
the flange of the piston and the wall of the
steam- chest substantially as and for the pur-
pose% specified.
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. The combmatlon in an engine, of a
piston formed of a ﬂanﬂ*e and a center ball, a

piston-shaft projecting at one side from the
center of the ball,and a eonenqhaped head re-
celving and snppmtmn the piston-shaft at

-both the outer and inner ends in an inclined
relation, substantially as and forthe purposes

speclﬁed
16. The combination, in an engine, of a
piston formed of a ﬂanﬂ'e and a center ball, a

center of the ball, a cone- shaped head receiv-
ing and suppor tlnﬂ' the piston-shaft at both
the outer and inner ends, and a driven shaft

connected with the head qubstantmlly as and

for the purposes spemﬁed
17. The combination, in an engine, of a

for the ball, and a eonnectmn between Lhe piston formed of a ﬂanﬂ'e and a center ball, a

120
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piston-shaft pt*o;]ectmfr at one side from the
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piston-shaft projecting at one side from the
center of the ball, a cone-shaped head recelv-
‘ing and supporting the shaft, and a connec-

tion between the piston-flange and the wall
of the steam-chest, substantially as and for

the purposes specified.

18. The combination, in an engine, of a
piston formed of a flange and a center ball, a

piston-shaft projecting at one side from the

center of the ball, and a cone-shaped head re-

ceiving and supporting the piston-shaft, a

driven shaft, and a connection between the
flange and face of the steam-chest, substan-
tially as and for the purposes specified.

19. The combination, in an engine, of a
piston-shaft and a head receiving and sup-
porting the projected part of the piston-shatt

at both the outer and inner ends for main

taining the shaft at an inclination, substan-
tially as and for the purpose specified.

20. The combination, in an engine, of a

niston-shaft, a head receiving and supporting
the projected partof the piston-shaft at both
the outer and inner ends, and a connection
between the piston and the wall of a steam-
chest, substantially as and for the purpose

- specified,
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21. The combination, in an engine, of a
piston-shaft, a head receiving and supporting
the projected part of the piston-shaft at both
its outer and inner ends, a driven shaft at-
tached to the head,and a connection between
the piston and the wall of the steam-chest,
substantially as and for the purpose specified.

22. The combination, in an engine, of a

piston-shaft and a cone-shaped head receiv-

ing and supportingthe shaft at both its outer
and inner ends and attached to a shaft to be
driven, substantially as and for the purpose
specified. .-

23. The combination, in an engine, of a
piston-shaft, a cone-shaped head receiving
and supporting the piston-shaft at both the
outer and inner ends and attached to a shaft
to be driven, and a connection between the
piston and the face of the steam-chest, sub-
stantially as and for the purpose specified.

24, The combination, in an engine, of &
flange and a ball forming a piston, a piston-
shaft projecting at one side from the center
of the ball, an abutment cutting the flange
diagonally, and a cone-shaped head receiving
and supporting the piston-shaft and attached
to a shaft to be driven, substantially as and
for the purposes specified.

95. The combination, in an eugine, of a
flange and ball forming a piston, a piston-
shaft projecting at one side from the center
of the ball, an abutment cutting the flange,
and a head receiving and supporting the pis-
ton-shaft at both the outer and inner ends
and attached to a shaft to be driven, substan-
tially as and for the purposes specified.

26. The combination, in an engine, of a
flange and ball forming a piston, a piston-
shaft projecting at one side from the center
of the ball, an abutment cutting the flange,

e |

1
i

a head receiving and supporting the piston-
shaft and attached to a shaft to be driven,
and a connection between the flange and the
face of a steam-chest, substantially as and
for the purpose specified. |

97. The combination, in an engine, of a
flange and ball forming a piston and a con-
nection between the flange and face of a
steam-chest for holding the piston in straight-
line travel, substantially as specified. |

98. The combination, in an engine, of a
steam-chest having contact-walls with a- di-
agonal groove and an abutment held by the
diagonal grooves and dividing the steam-
chest, substantially as and for the purposes
specified. |

29. The combination, in an engine, of &a
piston formed of a flange and a center ball,
an abutment cutting through the flange and

moving the abutment to preserve the contact
with the ball, substantially as and for the pur-
poses specified.

30. The combination, in an engine; of a
piston formed of a flange and a center ball,
an abutment cutting through the flange and
bearing against the face of the ball, and ad-
justing-screws for advancing the abutment

- to compensate for wear against the ball, sub-

stautially as and for the purposes specified.

" 31. The combination, in an engine, of A
piston formed of a flange and a center ball,
an abutment cutting through the flange and
bearing against the face of the ball; set-
serews for advancing the abutment, and ten-
sion-springs for holding the abutment in con-
tact with the ball, substantially as and for the
purposes specified.

32, The combination, in an engine, of the
piston-shaft N, projecting at one side of the
piston, and the head O, receiving and sup-
porting the projected part of the piston-shaft
at both the outerand inner ends, substantially
as and for the purposes specified.

33. The combination, in an engine, of the
piston-shaft N, projecting at one side of the
piston, the head O, receiving and supporting
the projected part of the piston-shaft N at
hoth its outer and inner ends, and the driven
shaft P, connected with the head O, for hold-
ing the shaft N at an inclination, substan-
tially as and for the purpose specified.

34, The combination, in an engine, of the
flange Il and ball J, forming a piston, the pis-
ton-shaft N, projecting at one side of the pis-
ton, the head O, receiving and supporting the
shaft N, and the sliding block S, connecting

the flange with the wall of the steam-chest,

substantially as and for the purpose specified.

55. The combination, in an engine, of the
steam-chest G, the flange 1, and ball J, form-
ing a piston, the piston-shaft N, projecting
at one side of the piston, the head O, receiv-
ing and supporting the shaft N, the channel
R, and the sliding block S, connected with
the flange H, substantially as and for the pur-

| poses specificd.
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- 36. The combination, in an engine, of the
steam-chest G, flange II, and ball J, forming-
‘& piston, the piston-shaft N, projecting at one

- side of the piston, head O, receiving and sup-

10

(5

porting the shaft N, driven shaft P. channel

R, and sliding block S, substantiall y as and
tor the purpose specified. o ' -

)

37, The Combination,_in an engine, of the

~ steam-chest G, having walls ¢, flange I, hav-

ing faces h, and ball J, forming a piston, the

piston-shaft N, projecting at one side of the

ball J, head O, receiving and supporting the
piston-shaft, the shaft P, and the channel R,

and sliding block S, forming a connection be-

tween the flange I and the steam-chest, sub-

- stantially as and for the purpose specified.

- Steam-chest (G, having convex side walls ¢,

the flange H, having concave side faces h,
~and the ball J, forming a piston, the abut-
ment I, cutting the flange diagonally at one

20

~ recelving the center ball J, the piston-shaft |

58. The combination, in an engine, of the

side of the center, and the piston-shaft N,

projecting at one side from the center of the
ball J and supported by the head O, sub-

stantially as and for the purpose specified.
59. The combination, in an engine, of the

steam-chest G, the piston formed of the flange

I and the center ball J,the packing-rings K,

~receiving the center ball J, and the screw-

threaded followers L and L/, forming a firm

backing for and simultaneously and uni-

formly advancing the packing-rings te take
up wear, substantially as specified.

- 40. The combination, in an engine, of the |
steam-chest G, the piston formed of a flange |

H and a center ball J, the packing-rings K,

412,401

N, projecting at one side from the center of
the ball J, and the head O, receiving and sup-

porting the shaft N at both its outer and in-

‘ner ends, substantially as and for the purpose
specified. S -

41. T'he eoinbiu&tioﬂ, in an ‘engine, (_jf a
steam-chest G, the piston formed of the flange
H and a cenfer ball J, the abutment I, the

4c

packing-rings K, receiving the center ball J,

| the piston-shaft N, projecting at one side from

the center of the ball J, and the head O, re-
ceiving and supporting the shaft N at both

1ts outer and inner ends, substantially as and

for the purposes specified. - |

_ 42, The combination, in an engine, of a
| steam-chest &, the piston formed of the flange

H and a center ball J, the abutment I, the
packing-rings K, the screw-threaded followers
L. I, engaging the full face of and forming a

firm backing for the packing-rings, the piston-
shaft N, projecting at one side from the cen-

ter of the ball J, the head O, receiving and

supporting the piston-shaft, the shaft P, and
the channel R, and block S, substantially as

and for the purpose specified. |

- 43. The combination, in an engine, of a
steam-chest, having contact-walls, a piston
in the steam-chest formed of a flange and a
center ball, and an abutment dividing the

steam-chest and cutting the flange of the pis-
~ton on a diagonal line for giving the piston
~an uninterrupted traverse, substantially as

and for the purposes specified. -
- ' ' LEVI M. SHAW.
Witnesses: Y |
- 0. W, BoxD,
~J. R. ANDREWS.
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