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To all whom it may concermn: |

Be it known that I, LEvVI M. SHAW, of Gyp-
sum, in the county of Saline and State of Kan-
sas, haveinvented certain new and useful Tm-
provementsin 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
1t pertains to make and use the same, refer-
cnce being had to the accompanying draw-
ings, forming a part hereof, in which—

Figurelis a longitudinal section in the cen-

tral line of Fig. 2, with the shafts in eleva-
tion.
central line of Fig. 1, with the end shafts in
elevation. TFig. 3 is a central cross-section

through the steam-chest, with the piston and.

abutment in elevation. Fig. 4 is a cross-see-
tion on line 11 of Fig. 2; Fig. 5, an end ele-
vation showing the gear for holding the pis-
ton-shaft in correctrelation; Fig. 6, an eleva-
tion, partly in section, showing the steam-

chest, the piston, and the abutment, with the.

piston and abutment partly broken away;
IFig. 7, a perspective view of the abutment;
Kig. 8, a detail in section showing the abut-
ment and devices for pressing it onto the cen-
tral ball; Fig. 9, a detail, being an elevation
of the side wall of the steam-chest.
11, 12, and 13 are ouilines showing the rela-
tive positions of the piston-shaft and walls of
the steam-chest at different points in the
movement of the piston; Fig. 14, a perspec-
tive diagram view of the piston and abutment.

This invention relates to engines in which
a piston is employed having a straight-line
travel across the steam-chest and a rolling
motion against the walls of the steam-chest,
producing a compound movement, partly re-
ciprocating and partly gyrating, and by which
the end of the piston-shaftis made todescribe
a circle around a line-shaft with which the
piston-shaft is connected for imparting a ro-
tary motion to such line-shaft; and the ob-
Jects of the invention are to give the piston a
travel on the walls of the steam-chest, by
which the contact between the walls and the

. piston will be always unbroken; to support

50

the piston and its shaft against any unequal
pressure of the steam oh the piston and re-

Fig. 2 is a longitudinal section on the.

Figs. 10, .

l

—L oA

lieve the steam-packing of the piston of un-
equal wear; to control the piston in its rela-
tion to the steam-chest and preventill effects
from any unequal pressure on the piston; to
improve the connection between the piston-
shaft and the shaft to be driven, so as to
maintain the
shaft always in the same line in their relation
to each other; to control the
lation to the steam-chest and have any point
on the periphery of the piston pass in the
same straight line across the steam-chest in

piston in its re-

55

piston-shaft and the driven

60

both directions, and to improve generally the
construction and operation of the engine as a

whole; and its nature consists in the several
parts and combinations of parts hereinafter
described, and pointed out in the claims as
new. | | | .

In the drawings, A represents the two ends

of the case or shell, each end having an outer

flange @ and an inner flange ¢/, as shown in
Fig. 2, and each end A is formed in two

halves or sections, each having a side flange

A’, by means of which and suitable bolts g
the two sections are united together, so as to
be steam-tight and form, in eftect, a solid or
continuous end. S

I3 is a conical-shaped circular chamber in
each end A, which chamber at its outer end

“has an annular flat face b in the construction

shown. | -

C is a circular chamber with straight walls
at the inner portion of each end A and com-
municating with the chamber B. The wall
of the case A has a passage or opening c,

closed by a cap or cover ¢/, as shown in Fig, -

2, which passage or opening leads through the

wall into the chamber Q.
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D are the end plates for closing the outer

end of each case A,each plate D being bolted
securely to the flange a by means of bolts ¢’ :
80 as to be steam-tight, and each plate or cover
D has a side foot or lug d, through which
bolts d” pass for attaching the engine as a
whole to its base or support. |
K are annular plates, one for each side of
the steam-chest, each plate E being secured
to the flange @’ by bolts a3, so as to make 1

steam-tight connection between the end cases
A and the plates B, and each plate E has a 100
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side foot or projection e, through which bolts
e’ pass for attaching the plates to the base or
support of the engine.

F is a ring located between the inner faces

‘of the plates E atthe periphery of such plates

and secured in position between the plates
by bolts f’/, and, as shown, in order to form a
firm union between the plates E and the ring
F, the plates are cut away around thelir pe-
riphery to form a shoulder or rest for the
ring, and the inner face fof theringis formed
on the arc of a circle,as shown in Iigs. 1 and
2. The ring I is formed of two half-rings,
each having a flange F’, by means of which
and bolts 7’/ the half-rings areunited to make

2 continous ring.

G is the steam-chest formed between the

inner face 7 of the ring F and the inner faces
g of the plates K, and each face ¢ of each
plate E projects inward on an inecline,so that
the steam-chest G is wider at its periphery
than at the center. |

 is an annular flange, the periphery of
which coincides with and fits the eircle of
the steam-chest &G, and also conforms to the
) of the ring T, and, as shown, in
the periphery of the flange I is a triangu-
lar-shaped packing-ring /" on each side ot the
center of the flange, each packing-ring 2/ be-
ing held in place and forced outward by means
of a spring 1/, located in a recess adjacent
to the recess for the packing-ring £'. The
flange IT has on each side an inclined iace N,
the inclination of which coincides with the
inelination of the walls ¢, so that each side
face h of the flange I is concave or has an
inward flare, while the inner face g of each
plate K is convex or has an outward flare, as
shown in Figs. 1 and 2. |

I is the abutment passing through the
flange 11, for which purpose the flange I has
o slot or opening ¢, and cutiing across the
steam-chest to form a partition in the steam-
chest G for separating the inlet and outlet
yorts for the steam, for which purpose the ports

are located on opposite sides of the abutment,
as shown in Fig. 3. Each side wall or face
g of the steam-chest & has a groove g’, which
aroove ¢’ is cut diagonally across the face or
wall, as shown in Fig. 9, and these grooves
g’ receive the edges ¢” of the abutment I, by
which the abutment I is located at one side
of the center of the flange and in a diagonal
plane running parallel witha radial line pass-
ing through the center of the flange, which
plane in its passage cuts the radial lines of
the flange, except the one with which it 18
parallel, as shown in Fig. 3, and this abut-
ment is inclined in its relation to the line of
contact of the flange with the wall of the
steam-chest for the line of contact to pass
from the exhaust to the supply side of the
abutment with an unbroken support in pass-
ing from the inner to the outer end of the
abument, and vice versa.

Tis theball, madein two parts, one of which
has a screw-threaded neck or center y, which

iy romll s

1
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onters a serew-threaded hole j” of the other
portion of the ball, as shown in I'igs. 1 and 2,
and this ball as a whole has a central annu-
lar recess 37/, which receives the inner edge
of the flange IT, for which purpose the flange
has a central hole of the same diameter as the
neck 7, so that the neck can be passed through
such hole and the female portion of the ball
be serewed into place, firmly connecting the
flange I with its ball J, as shown in Ifigs. 1
and 2. The inner end of the abutment I fits
against the face of the ballJ, for which pur-
pose this end has a cireular concave face v,
conforming to the face of the ball, and, as
shown, this inner end of the abutment 1s of a
less width than the outer end to permit the
abutment to pass through the packing-rings
for the ball without cutting the packing-rings
in two. The edges ¢’ of the abutment I fit
snugly in the grooves ¢’ formed therefor in
the inner face of each plate E, and the outer
end 7° of the abutment fits snugly in a groove
formed therefor in the inner face of the ring
I', so that when the abutment is in placeit
will be steam-tight. |

K are the packing-rings for the ball J, one

located on each side of ihe flange Il in a cir-
cular hole formed therefor at the center of ¢

each plate E, as shown in Figs. 1 and 2, and

‘the bearing-face & of each ring IX is on a

concave to fit snugly against the ball J, and,
as shown, each packing-ring K has a central
hole %’ for the passage of the piston-shatt,

L. are followers, one for each end case A,
located in the chamber C of such case, and
cach follower has a screw-threaded innerend
] to enter a screw-threaded hole in the outer

face of each plate E, and also has a rim or

flange I’ to abut against the face of the pack-
ing-ring I{, sothat by screwing in the follower
the packing-ring willbe advanced to fit snugly
on the ball J. As shown, each follower has
a series of holes mm, which come in line with
the opening ¢, so that by inserting a rod ora
lever each follower can be screwed inward as
required to advance the packing-rings and
take up the wear.

M is a cone-shaped hole at the center of
each follower 1. ' -

N is the piston-shaft, on which the ball J is
firmly secured. "This shaft passes centrally
through the ball inthe direction of the length
of the case, but is made to stand at an angle
for the side faces it of the flange H to lie in
contact with the side faces g of the steam-
chest G, by which means the flange is at an
angle in relation to the center of the steam-
chest and must be by reason of the inclina-
tion given to the shaft N. |

O is a cone-shaped head lying within the
chamber I3 and opening M at one end A of
the case and receiving on one side the end of
the shaft N, which shaft has thereon anouter
and inner box n, each box entering a groove
o in the face of the head O. '

P is a cone-shaped head corresponding to

L O and loecated in the chamber I3 and opening
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M at the other end A of the case and having

to receive

a groove p
of the shaft N. | |

() 18 a sleeve, the inner end of which enters
the outer end of the head P, and this sleeve
18 held stationary in the boss D’ by a set-
Screw g, as shown, or in some other suitable
manner. |

the boxes n on the end

R is the shaft to be dritenj which shaft at

its inner end passes through and has its bear-
ing in the sleeve Q, and its extremeinner end
has the head P secured thereto by a key 7, so
that the rotation of the head P from the shaft
N will drive the shaft R.

S 1S & pin, on which is loosely mounted the
head O, and this pin is locked or held sta-
tlonary in the boss D’ by a set-serew S, as
shown in Kig. 1. The shafts R and S are in
the same central line, one with the other,
which line is the center of the ball J ,and the

shaft N runs diagonal between the two shafts
R and §, as shown in Fig. 1; and as the shaft

N 1s supported at the ends by the boxes n
and is likewise supported on each side of the
ball J by the boxes 7, and these boxes are in
turn supported and held in position by the
heads O and P, and these heads are held in
line with a common center, it will be seen
that the ball J is supported by the shafts N
R and S in connection with the heads O and
P, and thereby relieve the ball from unequal
pressure and consequentunequal wearagainst
the packing. o

118 a gear-wheel attached to the support-
Ing-pin S adjacent to the inner face of the
cover D by a key 7, so that this gear T is held
stationary. '- :

U is a gear meshing with the gear T and

- mounted on a pin % in the end of the head O.

40

- a key v, so that the shaft N and

45
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~opening coincides with a port 2, forming

V is a gear meshing with the gear U and
by

attached firmly to the end of the shaft N
gear V will
always have the same relation. The gear T
13 stationary. The gear U is free to revolve
on 1ts pin u, and the gear V is stationary on

the shaft N, but has a circular motion with

the shaft N, the result being that the gears
U and V are carried around the gear T as a
center, by which the shaft N will always be
maintained in the same relation, as the gear

U will travel on the gear T' and likewise on
the gear V, so that the gear V is held station-
ary and in the same direction, maintaining

theshaft Nin a corresponding relation. These

gears 1, U, and V prevent any revolving of |

the shatt N in describing the circle at its
end and also prevent the shaft N from.Dbe-

ing thrown or carried out of line in relation
to its position in connection with the ball J

and flange II, by which the flange will always
be carried in the same relation and will be
held off the abutment. | : |
W is a cap attached to the centerof the en-
gine on the ring ¥ by suitable bolts 2.
X 18 an opening in the plate or cap W for
attachment of the steam-supply pipe, which

bolted to the plate E, and the

one side of the abutment I. B
Y is an opening in the plate W for the at-

‘inlet-port for the steam .to the chamber G on

tachment of the exhaust or outlet pipe for

o
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the steam, which opening coincides with an -

exhaust-port 7, leading from the echamber @
on the opposite side of the abutment I, as
shown in Fig. 3. |

Z: 1s the base or support to which the en gine
is attached by thé lugs d e and bolts d’ and
e/, as shown in Fig. 2. The abutment I is
located between the ports x and i, as shown
in FFigs. 8 and 8, and this abutment 1s of a
width to correspond to the width of the ring
F, and is entered at its upper end 2° in a
groove In the ring, as shown in Fig. 8, and
against the outer end of the abutment Springs

2" bear, which springs are held and adjusted
by set-screws z, by means of which screws z
and springs 2’ the abutment can be moved
inward to take up the wear and properly hold
the abutment at its ends 7*” on the ball J , a8

clearly shown in Fig. 8.
1The parts are assembled by attaching the

75

30
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plates E to the inner end of each end case A .
by flanges a’ and bolts a?and connecting the

two parts of each end case A together by the
flanges A’ and the bolts af The packing-
rings K are inserted in the openings therefor
in each plate E, and the followers I, are in-

95

serted in their respective chambers . The -

head O is placed in the chamber B with its
end 1n the opening M, and the shaft N, with

the ball J and flange H thereon, is inserted

for the end of such shaft with its boxes 7 to

100

lie within the groove o. The central ring Fis

two parts of
the ring secured together by the flanges F’
and bolts /”/. The abutment I i§ placed in
position Dby entering its edge 4’ into the
groove g’ of the wall ¢ and entering its end

~2° into the groove therefor in the ring I, and

the other plate E is placed in the position for
the groove ¢’ of its wall ¢ to receive the edge
¢ of the abutment I, and then bolted to the

| ring F by the bolts /. The head P is insert-

ed in the chamber B, with its end in the open-
ing M of the follower L, and its groove P re-
ceives the box n on the end of the shaft N.
‘T'he end of the shaft R isinserted in the head
P and locked by the key =, and the sleeve Q
1s slipped onto the shaft B and entered into
the end of the head P, and the end plate D is
then slipped into place on the sleeve ()
secured to the end case A by the flange o’
and bolts a’’. The gear V.is securad to the
end of the shaft N by the key v, and the gear
U is mounted on its pin u on the head O to
mesh with the gear V, and the shaft or pin S
is entered intothe end of the head O, and the

and

105
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115
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gear T is keyed to-the shaft S tomesh with the

gear U, and the plate D is slipped over the
shaft S and attached to the end case A by its
flange @ and the bolts ¢’’.
the sleeve Q and the

pin S, and when prop-

the | erly adjusted the sleeve is locked by the set-

The heads Oand
P are advanced or moved inward by moving

130
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screw ¢, and the pin is locked by the set-
screw s, holding the sleeve and pin both sta-
tionary. The plate W -isattached to the side
of the center of the engine by the bolts w in
position for the openings X and Y to align
with the ports « and . After the abutment
T is in position the springs 2’ are inserted to
bear against the edge 2% and atier the plate
W is attached the set-serews z are entered to
hear against the springs z’. The several
parts, after being assembled and connected
together, are to be properly adjusted, and
when adjusted the engine is ready for use by
connecting a steam-supply pipe with the open-
ing X and exhaust-pipe with the opening Y.

In use the steam entering the supply-port
r will pass around in the steam-chamber to
escape atthe exhaust-porty, and such passage
of the steain will carry the flange I1 back and
forth across the steam-chamber G by reason
of the steam acting first on one side of the
flange I and then on the opposite side as
such flange changes its position In relation to
the supply-port. This changing of the flange
from one side to the other of the steam-cham-
ber causes the face h of the flange to roll
against the wall g of the steam-chamber on
both sides, and this rolling movement is had
from the ball J turning in its packing-ring,
and by this rolling movement a circular mo-
tion is given to both ends of the shaft N, and
the position of the flange, the ball, the shaft,
and the relation of the faces v of the flanges

11 and the facesor walls g of the steam-cham-

her in the movement of the erank in the cir-

ole which its ends deseribe is shown by the

diagrams Figs. 10, 11, 12, and 13. 'The dia-
oram Fig. 10 shows the flange in relation fo
the abutment and the position of the piston-
shaft N when the flange has moved one-halt
of the distance across the abutment in the
direction in which the flange is traveling to-
ward the right, and in this position the con-
tact-line of the flange with the walls oi the
«team-chest is one-quarter of the distance
around, and in this position steam 18 supplied
through the port« on both sides of the flange
H, and steam 18 exhausted from both sides of
the flange through the porty. The continued
movement of the flange I in the directionof
‘te travel to the right carries the flange over
the abutment to the right-hand side of the
abutment, asshowninFig.11,in whichposition
ihe 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, and
with the parts in this position the neriphery
of the flange on the right-hand edge has
passed the inlet-port @ and closed such port
against the supply, and the exhaust-port
on the opposite side of the abutment 18

closed by the periphery of the flange at the.

right hand, and at this point the flange be-
gins its return movement across the steam-

chest over the abutment I, and when the con-
tact-line between the flange H and the walls |

by the shatft N.

455,061
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‘g of the steam-chest & has been advanced an-

other quarter the flange H has traveled across
the steam-chest to the position shown in Fig.
12, and the shaft N is in the position shown
in that ficure, and with the parts in this po-
sition steam is supplied through the porta to
both sides of the flange II, and steam 1is exX-
hausted from both sides of the flange IT
throueh the port 7, and the advance of the
contact-line between the flange and the walls
of the steam-chest for another quarter brings
the parts into the position shown in Fig. 15,

in which the Aange has traveled back across

the steam-chest and over theabutmentto close
the supply-port @ on the left-hand side of the
flange and to close the exhaust-port y on the
left-hand side, shutting off the supply and
closing the exhaust on these sides, respect-
ively, and in this position the flange has made
its entire return across the steam-chest and
is ready to be carried back in the first direc-
tion of its travel again, and with this direc-
tion of travel the contact-line between the
flange and the walls of the steam-chest,when
carried around another quarter, will bring the
parts into the positionshownin Fig. 10,which
is the position from which the start was made,
and these movementsof the flange across the
steam-chest will continue as long as steam 1s
supplied to the chamber G. 'The position
shown in Fig. 10 may be regarded as having
the contact-line between the flange and the
steam - chest advanced one-guarter arvound
from the starting-point, whiech is the abut-
ment, and in this position the ends of the
shaft N have described a quarter of the cir-
cle, and with the parts as shown 1n Ifig. 11
the contact-line between the flange and the
walls of the steam-chest has been advanced
one-half of the distance around and the shaft
N has described one-half of its ecircle, and
with the parts as shown in Kig. 12 the con-
tact-line between the flange and the walls of
the steam-chest has been advanced three-
quarters of the distance around and the shaft
has deseribed three-quarters of its circle, and
with the parts as shown in Fig. 15 the con-
tact-line between the flange and the walls of
the steam -chest has completed its travel
around and the shaft has described its eirele,
when the abutment is used as the starting-
point; but to complete the circle illustrated
the parts must be brought into the position
shown in Fie.10; or,in other words, the illus-
tration in Fig. 10 shows a quarter, that of
Fig. 11 a half, that of Fig. 12 three-quarters,
and that of Fig. 13 a complete cirele described

It will be seen from the foregoing descrip-
tion and the diagram illustrations that, ex-
cept at two points—namely, the limit of. the
travel of the flange in both directions across
the steam-chest—steam is admitted to both
sides of the flange at the supply-port at all
times and travels around from the side of
the abutment on which the supply-port is lo-
cated in the space between the flange and the
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side walls of the steam-chest on both sides of

the flange to the exhaust-port, the result be-
Ing a constant supplv of steam, which travels
continuously, moving the flange H to and fro
Across the steam-chest through pressure of
the steam in the chest against the abutment
on the supply side and against the wall of the

‘steam-chest and the face of the flan ge, and it

will be noticed that at the initial start in
either direction the opening is very small, but
gradually widens as the flange is carried
across the steam-chest until half a cirele ig
described, when the space gradually narrows
for the remaining travel of the flange.

The flange H and the ball J constitute s
piston, which pistonis supported in the steam
chamber or space G,and the abutment I-forms
a partition in the steam-chamber,

the piston as a whole is'supported and held

in position by the heads O P, in connection

with the shatt N and the bearings of such
shatft in the heads O P and the centering of
the heads through the pin S and the driven
shaft R, by which means the ball J ig sup-
ported and held off from the packing-rings K
in such manner as to have the packing-rings
act without being subjected to unequal wear
from any unequal pressure on the piston
formed by the flange H and thé ball J, the
result being that the piston as a whole is sup-
ported in its chamber and held against un-
equal pressure, and consequently unequal

‘wear, either on the ball and its packings or on

the edge of the flange H and its contact-line
with the walls ¢ of the steam-chest.

The flange II should move over the abut-
ment without contact, and this end ishad by
means ot the train of gears T, U, and V, for
the reason that, the gears 1" and Vv being sta-
tionary and the gear U being intermediate

- of the gears T and V and free to revolve, the

45
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travel In one direction on the gear T will

counteract the travel on the gear V, main-

‘taining an equality inthe relation of the gear

L' to the gear V, by which these gears will be
held in the same relation, one to the other, in
the circle described by the gear V around the
gear I, thereby holding the shaft N against
self - revolving and maintaining the same
point of this shaft always in the same rela-

tion to itself in the cirele which the ends of

the shaft desecribe. f
T'he connection of the shaft N with the ead

O is by an inner and outer box, which con-

stitutes in effect one box, the same as the

single box by which the shaft N is attached

to the head P, (shown inFig. 1,) and a long

- box can be used at both ends of the shaft N

60

for connection with the heads O P, or inner

and outer boxes could be used at both ends
for such connection, and the employment of

boxes for making the connection is for the |

purpose of enabling a true alignment of the
shaft N with the shaft R and the pin S to be
had, as by using boxes a slieht variation in

the alignment can be readily taken np. The

_ separating
the supply side from the exhaust stde, and -

same result can be attained by dispensing
with the boxes and making a connection with
the heads by means of holes, through which

‘the ends of the shaft could pass, such holes

L/

70 ©

and the holes for the shaft R and pin S being -

in the same line. “ |
‘The followers L. enable the packing-rings
K to be advanced uniformly at all points,

the ball J in correct relation, and by these
followers the packing-rings can be advanced

to take up any wear, and by advancing the
heads O and P through the sleeve Q and pin

S these heads can be macde to hold the shaft

‘thereby maintaining the packing-rings and -

N at the inclination required for the side faces -

o of the flange I to impinge at the line of
contact properly with the faces ¢ of the steam-
chest. The contact between the periphery of
the flange H and the wall f of the steam-chest
G is maintained steam-tight by means of the
triangular-shaped packing-rings 2’, which are
held against the wall f by the action of the
spring i’’, preventing the passageof the steam
from one side to the other of the flange H ex-

the passage of the steam at this point in no
wise affects theé operation of the piston as a
whole, and by holding the flange H at the

‘opening ¢ clear of the abutment I in its pas-

sage to and fro over the abutment wear on
the abutment is prevented, and consequently

~wearon the edge of the flange at the opening <.

The head O furnishes a support for the end
of the shaft N, which does not perform any

work, and this end of the shaft may there-

fore be termed a “non-driving end,” while
the end of the shaft at the head P may be
termed the “driving end,” as from the cirele

“which it describes rotation is imparted to the

9}:::

cept at the opening < for the abutmentT, and

95
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shaft R, and the purpose of the head O and

the end of the shaft N thereof is to furnish a
connection for the train of gear ‘through
which the shaft N will be held in the same
relation to itself in the circle which it de-
seribes, and thereby insure a straight recip-
rocation of the piston across the steam-chan-
ber G—that is to say, & movement of the pis-
ton across the steamm-chamber in the same
straight line, thereby causing the piston to

~ The case ends A, instead of being made in
two halves or sections, can be formed contin-

I10

II5

traverse over the abutment without coming - -
in contact with the abutment, preventing
wear on the piston and abutment

120

uous, in which event the side flanges A’ and -

the securing-bolts a* are dispensed with and
§ aisp y

‘the ring F, instead of being made of two half-

rings, can be made of a continuous ring, dis-

125

pensing with the flanges F and the securing-

bolts /', and instead of having the sleeve Q
sliding into position the exterior face of this
sleeve can be screw-threaded, and the hole
therefor in the hub D’ can be likewise scerew-

| threaded, which will give the sleeve Q a better
adjustment in advancing the head O.

- T'he word “diagonal ” is used in-connection -
with “abutment” to define the position of the
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abutment in relation to the flange and steam-
chest as tangential, and a diagonal abutment
is one having its outer starting-point in line,
or nearly so, with the periphery of the ball and

its inner or terminal point in or near averti-

cal line from the center of the ball for the line
of the abutment to be outside of the piston-
shaft, as clearly shown in Fig. 2, and stand-
ing at an angle of forty-five degrees, or ap-
proximately so,to a base-line horizontal other-
wise. Thisdiagonalabutmentisnota stral oht-
line radial abutment nor an inclined - line
radial abutment, in both of which construc-

tions the radiation is in a direct line from the

center of the piston-shaft, and with such di-
rect-line radiation the abutment 1S subjected
to blows from the piston in itstravel over the
abutment beeause of the drop of the piston
from the abutment, and the result of the con-
tinunous blows is a wearing out of the abut-
ment at the center for an increased back
swing of the piston, and such back swing pro-
duces a backlash of the piston-shaft, causing
an uneven motion and not a true-circle trav-
erse of the shaft, and the travel of the piston
over the abutment is a broken or interrupted
one by reason of the drop-off and the wearing
of the abutment out at the center, and this
produces more orless jarand concussion. The
diagonal abutment obviates all these defects
of a radial abutment, as it gives a continuous
unbroken support over which the piston con-
stantly travels without any drop, thus pre-
venting back swing of the piston and backlash
of the shaft and giving the shaft a true cire.e
of rotation.

What I claim as new, and desire to secure
by Letters Patent, 1s— :

“1. The combination, in an engine, of an an-
nular steam-chest, a piston in the steam-chest
formed of a flange and a ball, with the flange
at the center of the ball 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, and a piston-shatt projecting on
both sides of the piston and passing through
the center of the ball transversely to the
flange, substantially as and for the pu rposes
specified.

o MThe combination, in an engine, of a

steam -chest, a piston in the steam -chest
formed of a flange and a ball, with the flange
at the center of the ball traversing the steam-
chest on straightlines and rolling against the
walls of the steam-chest, an abutment cutting
the flange diagonally atonesideot the center
of the piston, a piston-shaft passing through
the center of the ball transversely tothe flange
and projecting on both sides of the piston, and
revolving heads, one for each part of the pis-
ton-shaft, receiving and supporting the shatt
on both sides of the piston at the outer and
inner ends, substantially as and for the pur-
poses specified.

3 The combination, in an engine, of a
steam-chest, a piston formed of a flange and a

[ ball, with the flange

' of the center of the

455,061

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 sideot the center of the pis-
ton, a piston-shaft passing through the cen-
tar of the ball transversely of the flange and
projecting on both sides of the piston, revolv-
ing heads, one for each part of the piston-
<haft and receiving and supporting the shaft
on both sides at the outer and inner ends, and
o center bearing foreach revolving head, sub-
stantially as and for the purposes specified.
4. The combination, in an engine, of a
steam - chest, a piston in the steam - chest
formed of a flange and a ball, at the center of
which the flange islocated, and traversingthe
steam-chest on straightlines by rolling against
the walls of the steam-chest, anabutment cut-
ting the flange diagonally at one side of the
center of the piston, a piston-shatt passing
through the centerof the ball transversely to
the flange and projecting on both sides of the
piston, revolving heads, one for each part of

the piston-shaft and receiving and supporting’

the shaft at its outer and inner ends, & center
bearing for each head, and a connection at
the end of the non-driving part ot the shaft
with its head, substantially asand for the pur-
poses specified.

= The combination, in an engine, of a
steam - chest, a piston in the steam - chest
tormed of a flange and a ball, with the flange
ot the center of the bhall and traversing the
steam-chest on straight lines and rolling
against the walls of the steam-chest, an abut-
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ment cutting the flange diagonally at oneside -

of the center of the piston, a pi ston-shaft pass-
ing through the center of the ball and trans-
versely to the flange, heads, one for each end
of the piston-shatt, receiving and supporting
the shaft ends, a driven shaft connected to
one of the heads,and a pinon which the other
head is mounted and revolves, substantially
as and for the purposes specified. h
6. The combination,-in an engine, of a
steam - chest, a piston in the steam - chest
rormed of a flange and a ball,with the flange
ot the center of the ball and traversing the
«feam - chest on straight lines and rolling
acainst the walls of the steam-chest, an abut-
ment cutting the flange diagonally at one side
piston, a piston -shatt
passing through the center of the ball trans-
versely of the flange and projecting at each
end beyond the piston, heads, one for each
end of the piston-shaft and recelving
supporting the shaft ends, 2 driven shaft con-
nected with one of the heads at the center, ¢
pin at the center of the other head and on
which the head is mounted, and a connection
between the shaft at this end and the head,
substantially as and for the pu rpose specified.
7 The combination, in an engine, of a
steam - chest, a piston in the steam -chest
formed of a flange and a center ball travers-
ing the steam-chest on straight lines and roll-

and’
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ing against the walls of the steam-chest, an
abutment cutting the flan ge diagonally atone
stde of the center of the piston, a piston-shaft
passing through the center ball and project-
ing on both sides of the piston, a revolving
head receiving and supporting -one part of
the piston-shaft, and a connection between
the head and the ‘end of the shaft for main-
taining the travel of the piston in straight
lines across the steam-chest cler of the abut-
ment, substantially as specified. -

5. The combination, in an engine, of a
steam - chest, a piston in the steam - chest
formed of a flange and a center ball travers-
ing the steam-chest on straight lines and roll-
Ing against the walls of the steam - chest, an
abutment cutting the flange diagonally at one
side ot the center of the piston, a piston-shaft
passing through the center of the ball and
projecting on both sides of the piston, a head
receiving and supporting one part of the pis-
ton-shaft and connected with a shaft to be
driven, a head recelving and su pporting the
other side of the piston-shaft and mounted
on a stationary pin, and a connection be-
tween the ends of the piston-shaft and the

. |

head for maintaining the flange in a straight-

. |

tially as and for the purpose specified. |
J. T'he combination, in an engine, of a pis-
ton formed of a flange and a center ball, a

piston-shaft projectine on both sides of the
tne center of the

piston and passing through
ball, and heads, one for each part of the pis-
ton-shaft and each receiving and supporting
its part of the shaft at both its outer and
Inner ends, substantially as and for the pur-
pose specified. | | o

10, “I'he combination, in an engine, of a pis--

ton formed of a.flange and a center ball, a

~biston-shaft projecting on both sides of the

piston and passing through the centerof the
ball, a head receiving and supporting non-
driving part of the piston-shaft, and a con-

nection between the end of the non-driving

part of the shaft and its head for maintain.
Ing the pistonin straight-line travel,substan-
tially as specified. | |

11. The combination, in an engine, of a pis-
ton formed of a flange and a center ball, a
piston-shaft projecting at each end beyond
the piston and passing through the center of
the ball, a head receiving and su pporting one
end of the piston-shaft, and a train of gear
connecting the end of the shaft with- the

‘head, substantially as and for the purposes

specified. |

12. The combination, in ‘an engine, of a pis-
ton formed of a flange and a center ball, a
piston-shaft projecting at each end beyond
the piston and passing through the center of
the ball, a head receiving and supporting the
end of the shaft, a stationary pin upon which
the head is mounted, and a train of gear con-
necting the piston-shaft with the head, sub-
stantially as and for the purpose specified.

13. The combination,in an engine, of a pis-

line travel across the steam-chest, gubstan-

—

| ton foruied of a flange and a center ball, a
piston-shaft projecting at each end beyond

the piston and passing through the center of
the ball, a head receiving and su pporting the
piston-shaft at one end, a stationary pin on

‘which the head is mounted, a stationary gear
on the end of the piston-shaft, a stationary
gear around the pin, and an intermediate

gear connecting the two stationary gears and

7
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mounted on the end face of the head, sub-

stantially as and for the purposes spectfied.
14. The combination, in an engine, of a pis-

ton formed of a flange and a center ball, a

piston-shaft projecting at each end beyond

8o

the piston and passing through the center of

the ball, a head receiving and supporting one

end of the piston-shaft, a shaft to be driven -
connected with the head, another head re-

ceiving and supporting the opposite end of
the piston-shaft, and a pin on which the head

i1s mounted for supporting the piston, sub- -

stantially as and for the purposes s ecified,
) purp

15. T'he combination, in an engine, of a pis-
ton formed of a flange and a center

ball, a
piston-shaft projecting on both sides of the
piston and passing through the center of the
ball, and cone-shaped heads, one for each part
of the. piston-shaft and receiving and sup-
porting the shaft on both sides of the pis-

ton for its full length, substantially as and

for the purposes specified.
16. The combination, in an engine, of a pis-

ton formed of a flange and a center ball, a

piston-shaft passing throngh the ball at the

center and projecting beyond the piston on

both sides, a cone-shaped head recelving and
supporting the non-driving part of the piston-
shaft, and a connection between the head
and the end of the piston-shaft, substantially
as and for the puposes specified. |
17. "The combination, in an engine, of a pis-
ton formed of a flange and a center ball, a
piston-shaft projecting at each end beyond
the piston and passing through the center of

the ball, a cone-shaped head receiving and

supporting one end of the piston-shaft, and a
train of gear connecting the head with the
end of the shaft, substantially as and for the
purposes specified. _ |

" 158. The combination, in an engine, of a pis-
ton formed of a flange and a center ball, a
piston-shaft projecting at each end beyond
the piston and passing through the center of

‘the ball, a cone-shaped head receiving and

supporting one end of the piston, a stationary
pin on which the head is mounted, and a

train of gear connecting the head with the -

énd of the piston-shaft, substantially as and
tor the purposes specified. |

19. The combination,in an engine, of a PIs-
ton formed of a flange and a center ball, a
piston-shaft projecting at each end beyond
the piston and passing through the eenter of
the ball, a-cone-shaped head receiving and

supporting one end of the shaft, a stationary
pin on which the head is mounted, a station-

t ary gear on the end of the piston-shaft, a sta-

e
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tionary gear on the pin, and an intermediate |

oear mounted on the end face of the head and
connecting the stationary gear, substantially
as and for the purposes specilied.

20. The combination,in an engine, of a pis-
ton formed of a flange and center ball,a pis-
ton-shaft projecting on both sides of the pis-
ton and passing through the center of the
ball, a support forthe non-driving part of the
piston-shaft, and a traveling connechion beé-
tween the piston-shaft and its support oper-
ating to hold the piston-shaft against self-re-
volving and maintain the piston in a straight-
line travel, substantially as specified.

21. The combination, in an engine, of a pis-
ton formed of a flange and a center ball, an
abutment cutting the flange diagonally at one
side of thecenterof the piston,a piston-shaft
projecting on both sides of the piston and
passing through the center of the ball, and

. yevolving -heads, one for each part of the
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shaft and receiving and supporting the shatt
ot both its outer and inner ends for prevent-
ing unequal wear on the piston, substantially
as specified. |

29 The combination, in an engine, of a pis-

ton-shaft, a head receiving and supporting

the projected part of the piston-shaft, and a
connection between the end of the piston-
<haft and the head for maintaining the shaft
always in the same relation, substantially as
and forthe purpose specified.

03 The combination, in an engine, of a pis-
ton-shaft, a head receiving and supporting
the end of the piston-shaft, and a gear con-
nection between the end of the piston and
the head, substantially as and tor the pur-
pose specified.

04 The combination, in an engine, of & P1S-
ton-shaft, a head receiving and supporting
the end of the piston-shaft, a pin on which
the head is mounted, and a gear connection
between the end of the piston-shaft and the
head, substantially as and for the purposes
specified.

o5 The combination, in an engine, of a pis-
ton-shaft, a head receiving and supporting
the end of the piston-shaft, a pin on which the
head is mounted, a stationary gear on the
end of the piston-shaft, a stationary gear on
the pin, and a movable gear mounted on the
end face of the head and connecting the sta-
tionary gear, substantially as and for the pur-
pose specified. | |

o6. The combination, in an engine, of two

stationary gears and a movable gear interme-

6o

diate of and connecting the stationary gears
for connecting the end of a piston-shaft and
holding the shaftin the same relation with
fhe same side always uppermost, substan-
tially as specified.

27. The combination, in an engine, of a pis-
ton-shaft projecting on both sides of the pis-
ton and heads, one for each part of the
shaft and receiving and supporting the shatt

on both sides from the piston ountward, S0 -
stantially as and for the purposes specified.

-a pin on which

455,061

98 The combination,in an engine, of a pis-
ton-shaft projecting on both sides of the pis-
ton and cone-shaped heads, one for each part
of the shaft and each receiving and support-
ing its part of the shaft from the piston out-
ward, substantially as and for the purposes
specified. | |

00 The combination,in an engine, of a pis-
ton-shaft projecting on both sides of the pis-
ton, heads, one for each part of the shaftand
each receiving and supporting Its projected
part of the shaft, and a connection for the
ond of the non-driving part of the shaft with
its head for holding the shaft in the same re-
lation, substantially as and for the purpose
specified. |

30. The combination,in an engine, of a pis-
ton-shaft projecting on both sides of the pis-
ton, and cone-shaped heads, one for each part

10
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of the shaft and each head receiving and sup-

porting its part of the shaft, and a connection
tor the end of the non-driving part of the
<haft with its head, substantially as and for
the purpose specified.

21. The combination,in an engine, of a pis-
ton-shaft projecting at each end beyond the
piston, heads,one for each endof theshaftand
oach head receiving and supporting its shaft
end, and a train ol gear connecting one end
of the shaft withits head, substantially as and
for the purposes specified.

39 The combination, in an engine, of a pis-
ton-shaft projecting at each end beyond its
piston, cone-shaped heads, one tor each end
of the shaft and each head receiving and sup-
porting its shatt end, and a train of gearcon-
necting the shaft at one end with its head,
substantially as and for the purposespecilied.

99 The combination,in an engine, of a pis-
ton-shaft projecting at each end beyond 1ts
piston, a head receiving and supporting one
end of the piston-shaftand attached to ashaft
to be driven, another head receiving and sup-
porting the opposite end of the piston-shaft,
the head is mounted, and &
connection between the shaftendan dits head,
substantially as and for the purpose specified.
" 34. The combination, in an engine, of a pils-
ton-shaft projecting at each end beyond 118
piston, a cone-shaped head receiving and sap-
porting one end of the shaft and attached to
2 shafttobedriven, another cone-shaped head
receiving and supporting the opposite end of
the piston-shaft, a pin on which the head is
mounted, and a connection between the end
of the shaft and the head, substantially as
and for the purpose specified.

35. Tke combination,in an engine, of a pis-
ton shaft projecting at each end beyond 1t
piston, a head receiving and supporting one
end of the piston-shaftand attached to ashaft
to be driven, another head receiving and sup-
porting the opposite end of the piston-shaft,
a pin. on which the head is mounted, and a
train of gear conuecting the end of the pis-
ton-shaft with its head, substantially as and
for the purpose specified.

Qo

TOOQ

[O§

110

175

130



Wi

(o

20

455,061

36. The combination, in an en gine, of a pis-

ton-shaft projecting at each end beyond its

piston, a eone-shaped head receiving and sup-
porting one end of the piston-shaft and at-
tached to a shaft to be driven, another cone-

shaped head receiving and supportmﬂ' the op-

posite end of the plston—shaft a pin on which
the head 1s mounted, and a train of gear con-
necting the end of the piston-shaft mth the
head, subbtantnlly as and for the pur poses
specified.

37. The comblllatlon in an-engine, of a pis-
ton-shaft projecting at each end beyond its
piston, a head receiving and supporting one
end of the piston-shaft and attached to a shaft
to be driven, another head receiving and sup-

porting the OpthSlte end of the plston-shaft |

a pin on which the head is mounted, & sta-
tionary gear on the end of the plston-shaft
%tatlonary cear on the pin, and a movable
gear mouuted on the end face of the head
and connecting the stationary gear, substan-
tially as and_for the purposes speciﬁed.

38. The combination, in an engine, of a pis-
ton-shaft projecting at each end beyond its
piston, a cone-shaped head receiving and sup-

porting the end of the plston-sha,ft and at-
tached to a shaftt to be driven, another cone-

- shaped head receiving and suppmtlncr the op-
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posite end of the plStOD. -shaft, a pin on which
the head is mounted, a smtlonmy gear on the

end of the piston-shaft, a stationary gear on |

the pin, and a movable gear mounted on the
end face of the stationary hea,d and connecting
the stationary gears, substantlally as and for

the purpose specified.

39. The combination, in an engine, of Q.

steam-chest having convex side walls a Pis-
ton formed of a ﬂanﬂ*e having concave side
faces and a center ball an abutment cutting
the flange diagonally at one side of the cen-
ter, and a piston-shaft projecting on both sides

~ of the piston and passing through the center
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of the ball and supported on each side by a

head, substantially as and for the purposes |

Snemﬁed
40, The combmatlon in an enﬂ‘me, of a

steam-chest, a piston formed of a flange and

a center ball, packing-ringsreceiving the cen-

ter ball, a piston-shaft projecting on both sides
of the piston and passing through the center
of the ball, and heads, one for each part of
theshaftand eachreceiving and supporting its
part of the shatt at both the inner and outer

ends, substantially as and for the purpose

Speclﬁed |
41, The combination, in an engine, of a

steam-chest, a piston formed of a ﬂa,nn‘e and

a center ball packing-rings receiving the cen-

ter ball, aplston-sha,ft pro] ec,tmﬂ on both sides
of the pl‘-"t()]] and passing throun'h the center

‘of the ball, and cone-shaped heads, one for

each part of the piston-shaft and receiving
and supporting its part of the shaft at both
the inner and outer ends, substantially as and

for the purposes specified. _
42, The combination, in an engine, of a |

Stea,m ehest ha,Vmﬂ‘ & cnculal end wall and

convex side walls, end casings, each havinga

cone-shaped chambel, a piston formed of a
flange and a center ball, a piston-shaft pro-
Jectmn' on both sides of the piston and pass-
ing throun*h the center of the ball, and re-
Volvmn' lleacls receiving and suppmtmﬂ the
plston-shaft at its inner and outer ends, sub-
stantially as and for the pur poses. Speelﬁed

4o. 1'he combination, in an engine, of a pis-

| ton, a piston-shaft pro,]ectmw o1 both sides

of the piston, a support for each part of the
piston-shaft, and a traveling connection for
one end of the piston-shaft 1101(11110* the piston-
shaft against self-revolving and supporting

and ma,mtammﬂ the plston in a straight-line
travel, substantlally as and for the purposes
,SPecmed

44, The combination, in an eng oine, of an
annular steam-chest havmﬂ eonve:s_ contaet-

walls, a piston in the steam-ehest formed of

a ﬂanﬂ*e having concave side faces and a ball
with the ﬂann*e at the center of the ball and
traversing the steam-chest on straight lines
and rolllng against the walls of the steam-
chest, an abutment cutting the flange diago-
nally at one side of the eenter of the p1c=b011

and a piston-shaft projecting on each side of
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the piston and passing through the center of

the ball transversely to the ﬂ.-;mt,e substan-
tially as and for the purposes specified.

45, The combination, in an engine, of a
steam-chest having convex contact—w&llb a

piston in the steam-chest for med of a ﬂa,noe .
having concave sidé faces and a ball, with the,

ﬂanﬂ'e at the center of the ball, tI‘aVGISII]D

the steam-chest on straight lines and r0111151~D
against the walls of the steam chest, an abut~
ment cutting the flange diagonally at oneside

of the cente1 of the piston, a piston-shaft
passing through the center of the ball trans-
versely to the ﬂann and projecting on. both
sicdes of the plston and revolving he&dﬂ one

100
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for each part of the plston-shaft receiving

and supporting the shaft in an inclined posi-

tion, bubsmntmlh as a,nd fm the purposes
speelﬁed .-

46. The combination, in an engine, of a
steam-chest having convex contact-walls, a
piston formed of a ﬂa,nﬂ*e having concave side

faces and a ball, with the ﬂange at the center

of the ball, tmversmw the steam-chest on

‘straight lmes and 10111110 against the walls of -
the steam-chest, an abutment cutting the

flange dmfronmly at one side of the cen"*er of
the plston, a piston-shaft passing through the

center of the ball transversely of the ﬂaJnﬂ*e

and projecting on both sides of the plston

heads, one for each part of the plqton-shaft

and each receiving and supporting its part of

Y15
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the shaft, and a conter bearing for each head

and aronnd which each head revolves, sub-
stantially as and for the purposes spemﬁed
47. The combination,
steam- chest having conveﬁc contact-walls, a
plthIl In the steam-chesj;\fonned of a ﬂa,nne,

 having concave S1de facesm ball, at the '
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in an engine, of a
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center of which the flange is located, travers- |

ing the steam-chest on straight lines by roll-
ing 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 passing through the center of the ball
transversely to the flange and projecting on
both sides of the piston, heads, one for each
part of the piston-shaft and each receiving

and supporting its part of the shaft, a center

bearing for each head, and a connection Ior
one end of the shaft with its head, substan-
tially as and for the purposes specified.

48. The combination, in an engine, of a
steam-chest having convex contact-walls, &
piston in the steam-chest formed of a flange
having concave side faces and a ball, with the

flange at the center of the ball and traversing
 the steam-chest on straight lines and rolling
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piston in the steam-chest formed of a flange | stantially as and for

against the walls of the steam-chest, an abut-
ment cutting the flange diagonally at one side
of the center of the piston, a piston-shatt
passing through the center of the ball and
transversely to the flange, heads, one for each

end of the piston-shaft, recelving and sup- ;

porting the shaft ends, a driven shalt con-
nected to oneof the heads, and a pin on which
the other head is mounted and revolves, sub-
stantially as and for the purposes specified.

49. The combination, in an engine, of a
steam-chest having convex contact-walls, &
piston in the steam-chest formed of a flange
having concave side facesand 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 abut-
ment cutting the flange diagonally at one side
of the center of the piston, a piston-shaft
passing through the center of the ball trans-
versely of the flange and projecting at each
end beyond the piston, heads, one for each
end of the piston-shaft and receiving and
supporting the shaft ends, a driven shatt con-
nected with one of the heads at the center,a
pin at the center of the other head on which
the head is mounted, and a connection be-
tween the shaft at its end and the head, sub-
stantially as and for the purpose specified.

50. The combination, in an engine, of a
steam-chest having convex contact-walls, a
piston in the steam-chest formed oi a flange
having concave side faces, and a center ball
traversing the steam-chest on straight lines
and rolling against the walls of the steam-
chest, an abutment cutting the flange diago-
nally at one side of the center of the piston,
a piston-shaft passing through the center ball
and projecting at each end beyond the piston,
a head receiving and supporting one end of
the piston-shaft, and a connection between
the head and the end of the shaft for main-
taining the travel of the piston in straight
lines across the steam-chest clear of the abnt-
ment, substantially as specified.

51. The combination, in an engine, of &
steam-chest having convex contact-walls, a

455,061

having concave side faces and a center ball
and traversing the steam-chest on straight
lines and rolling against the walls of the
stean-chest, an abutment cutting the flange
diagonally at one side of the center of the
piston, a piston-shaft passing through the
center of the ball and projecting at each end
beyond the piston, a head receiving and sup-
porting one end of the piston-shaft and con-
nected with a shaft to be driven, a head re-
ceiving and supporting the opposite end of
the piston-shaft and mounted on a stationary
pin, and a connection between the end of the
piston-shaft and the head for maintaining

the flange in a straight-line travel across the

steam-chest, substantially as and for the pur-
poses specified.

52. The combination, in an engine, of the
steam-chest G, the flange II, and the ball J,
forming a piston, the piston-shaft N, project-
ing on both sides of the piston and passing
through the center of the ball J, and the heads
O and P, one for each part of the piston-
shaft and each receiving and supporting its
part of the shaft at both the inner and outer
ends, substantially as and for the purpose
specified. . -

53. The combination, in an engine, of the
steam-chest G, the flange H, and the ball J,
forming a piston, the piston-shaft N, project-
ing at both ends beyond the piston and pass-
ing through the center bf the ball, the head
O, receiving and supporting one end of the
piston-shaft, and the gears 'I', U, and VY, con-
necting the end of the shaft N and its head
O for maintaining the piston in straight-line
travel, substantially as specified.

54. The combination, in an engine, of the
steam-chest &, the flange H, and the ball J,
forming the piston, the piston-shaft N, pro-
jecting at each end beyond the piston and
passing through the center of the ball, the
head receiving and supporting the piston-
shaft at one end, the stationary pin 35, on
which the head O is mounted, the stationary
oear V on the end of the piston-shaft, the sta-
tionary gear T around the pin, and the inter-
mediate gear U, connecting the shaft and the
head, substantially as and for the purposes
specified. | |

55. The combination, in an engine, of the
steam-chest G, the flange I, and the ball J,
forming a piston, the piston-shaft N, project-
ing at each end beyond the piston and pass-
ing through the centerof the ball J, the head
P, receiving and supporting one end of the
piston-shaft, the shaft R, connected with the
head P, the head O, receiving and supporting
the opposite end of the piston-shaft, and the

pin S, on which the head O is mounted, sub-

stantially as and for the purposes specified.
56. The combination, in an engine, of the
piston-shaft N, the head O, receiving and sup-
porting the end of the piston-shaft, and a
oear connection T, U, and V between the end
of the piston-shaft N and the head O, sub-
the purpose specified.
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97. The combination, in an engine, of the
piston-shaft N, the head O,receiving and sup-
porting the end of the piston-shaft, the pin S,
on which the head is mounted, and the gear
connection T, U, and V between the end of
the piston-shaft and the head, substantially
as and for the purposes specified.

53. The combination, in an engine, of the
steam-chest G, the piston formed of the flange
H and the center ball J, the diagonal abut-
ment I, the packing-rings K, receiving the
center ball J, the piston-shaft N, projecting
on both sidesof the piston and passing through
the center of the ball, and the heads O and P,
one tor each partof the piston-shaft and each
receiving and supporting its partsof the shaft

| from the piston outward, substantial'ly as and

1

for the purposes specified.

59. The eombination, in an engine, of the

steam-chest G, the piston formed of the flange
H and the center ball J, the abutment I, the
packing-rings K, the followers L, the piston-
shatt N, projecting at each end beyond the
piston and passing through the center of the
ball, the heads O and P, receiving and sup-
porting the piston-shaft, the shaft R, the pin
S, and the gears T, U, and V, substantially as
and for the purposes specified. S
| ) - LEVI M, SHAW.
Witnesses: i
0. W. BoxND,
-~ J. R. ANDREWS.
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