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SPECIFICATION formmg part of Letters Patent No. 750,21%, d&ted J anua,ry 19, 1904.

Applma.tlon filed March 12, 1903, Serla.l No, 147,392,

(No mndel )

To all whom it Mmay concern:

Be it known that I, James A. NORTON, a citi-
zen of the United States residing at Odebolt
in the county of Sac and State of Iowa, _have
invented new and useful Improvements in Ex-

-pansive-Fluid Motors, of which the following |
the cylmders and valve - chambers, respec-

is a specification, r eference being had to the ac-

companylnﬁ' drawings, for.mmg apartthereof.

- This mventlon 1s designed to consitute means

for deriving continuous rotary motion and |
arms 13 13, extendmo* from the base-frame

~close to the cylmder-heftds
‘main shaft is midway between the two cylin-

power from the action of pistons reciprocat-

ing 1n a evhnder under the force of an ex-

pansive fluid in which the expansive force of
the fluid shall be more fully utilized- and in-

volve less action against dead resistance than

in the familiar forms of such motors and in

and used shall to a large extent be regulated
automatically by the work which the motor
1s doing without the intervention of special
devices of the nature of a governor.

It consists of the features of constructlon
which are sef out in the claims. | -

In the drawings, Figure 1 is a side eleva-
tion of my improved motor

Fig.1. TFig. 3 is a transverse vertical section
at the line 3 3 on Fig. 1.  Fig. 4 is a partly-
sectional elevation showing the valve-control-

ling devices and their relation to the valve po-

sitions, section being made in vertical plane
amally through the Valve-cha,mbers |
“For sapporting the mechanism in my im-
proved motor 1 pr,ovide an integral base-frame
1, 1n which are formed the twin eylinders 2 2
and thelr respective corresponding valve-
chambers 3 8. Thecylinders4 4 are arranged

~one above the other, and their corresponding
“respective valve-chambers 8 3 are also one

40

45

above the other on the same side of the cyl-
inders. |

5 5 are the pistons in the cv]mderg 92 9,

6 6 are the valves in the valve-chambers 3
3, respectively. The two pistons have their
stems 7 7 connected together rigidly by a
cross-head 8, and the stems 9 9 of the valves
6 6 are similarly connected rigidly by a cross-

head 10, from which it Will be understood

that the pistons travel in unison and in cer-

50 taln IGSpeCtS and for certain pur poses operate

15.
‘similar sprocket-wheels 16 16, which are each
.connected to the shaft for drwmﬂ' by clutch

Kig. 2isa lonﬂ'l—_

tudinal horizontal section at the line 2 2 on | chains 18 18",

as 4 smﬂ'le plston and tha,t thelr valves simi-

larly act in unison and control the admission

of the motive fluid as
‘control its admission to a single cha,mber

a single valve might

The pistons 5 5 and va,lve-stems T 7 are sup- 55
ported and guided at their ends remote from

tively, 1n the uprwht sta,ndard 11 of the base- .

| frame 1.

12 1s the main shaft, Journaled in bracket— 60

The axis of the

ders. Upon the standard 11 at the opposite

‘end of the frame from the cylinders I mount 65 |

in a shde—bearmﬂ' bracket 14 a counter-shaft
On the main shaft 12 are two equal and

devices, hereinafter descrlbed Wthh are ar- 70

ranged to drive in opposite dir ections; and on .

the counter-shaft 17 in line with the Sprocket-

wheels 16, respectively, are corresponding
sprocket- wheels 17 17, connected with the

sprocket-wheels 16 16, respectlvely, by drive- 75 '
The lower ply of one of the
chains and the upper ply of the other are made

fast to the cross-head 8, which connects the

two piston-rods 779, so tha,t the two chains
travel in opposite dlrectlons and give rotary 8o

‘motion alternately in opposite dlrectlons to
the sprocket-wheels upon the shafts 12 and 17

The opposite arrangement of the clutches
causes the opposite movements ot the sprocket-

“wheels to give the shaft continuous rotation 35

1n one direction.
“each an inner element_ 20,rigid with the shaft,

These clutches comprise.

encompassed by an annular . flange: 21 of the
sprocket-wheel 17, which is loose on the shaft..
The central element has ribs or teeth 22, &ec., 90
projecting from a central sleeve or hub across
an’ annular space between the said central
sleeve or hub and said encompassing flange 21,
sald teeth or ribs being formed with 10110' 8101)- -
ing sides deﬁnmo‘ between them portlons of the 95 -

“annular space,1n each of which there is lodged

a roller 24, adapted to be gripped between one

-or the other of said sloping sides and the in-

ner circumferential face of the annular flanges, |
according to whether the dlrectlon of r otatlon 100 -
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of the flanges is in one direction or the other,
the angle of the sloping face of the rib to the
said circumferential face being such as tocause
the roller when drawn into the same by rota-
tion in the proper direction to cause the two
parts to be gripped closely together, so that
the outer element having the flange drives the
inner element, and thereby rotates the shait.
In order that this clutch mechanism while
adapted to drive in one direction only may be

adjusted to control at will the choice of direc-

tion of driving,asis necessary,l provide a disk
95, which comprises a sleeve 26, by which 1t 1s
mounted loosely on the shaft. This disk 1s
adapted to close up the annular chamber 1n
which the rollers are lodged on the side oppo-
site the web of the sprocket-wheel, and from
its face wings 27 27 protrude into the annular
space between the ribs 22 22, two of such
wings being arranged in each space between
the ribs far enough apart to accommodate
the rollers loosely between them. If the
sleeve is rocked in one direction on the shaft,
it will carry each roller off from one of the
slopes of one of the two teeth between which
it is lodged and into position where it will be
free for lodgment upon the other slope, and
will thus be adapted to communicate the ro-
tary motion from the sprocket-wheel in one
direction to the shaft, while 1n the other di-
rection 1t will communicate no motion, be-
cause in that direction the balls cannot reach
the proper inclined slope for gripping the
shaft. When the sleeve is rocked in the other
direction, the situation is reversed, the balls
being brought against the slope from which
they weré held off before and held off from
that upon which they were lodged before.
For the purpose of rocking the disk 25 to these
two positions while the shaft is in motion 1
provide a sleeve 28, feathered on the shaft 12
and having diametrically opposite radially-
projecting arms 29 29, which engage slots 30
in bracket arms or posts 31, which protrude
from the outer face of the disk 25, such posts
being curved about the axis of the shaft and
having their slots oblique or spiral with re-
spect to the shaft, so that the movement of
the sleeve 28 along the shaft will rock the
disk 25 about the shaft one way or the other,
according to the direction of such movement
of the sleeve. The sleeve can be thrust lon-
gitudinally while the shaft is revolved by
means of a forked shipping-lever 32, engag-
ing a peripheral groove 33 in the sleeve. In
orcer that the clutches at both ends of the
shaft may be reversed at the same time, as 1s
obviously necessary, I provide a slide-bar 34,
mounted on the frame, having as rigid arms
the forked shipping-levers above mentioned,
and a handle or operating-lever 35 may be
suitably mounted in any convenient position
toslide said bar, and thus reverse both clutches
simultaneously.

For operating the valves the following mech-

750,217

anism is provided: On the shaft 12 there 1s a
cear 36, which meshes with a gear 37, loose
on a shaft 38, extending rigidly from the frame
between the horizontal planes of the plies of
the drive-chain L. Clutched to the gear 37,
so as to be rotated with it in one direction, but

70

to be rotatable independently of i1t in the same -
direction when the gear is at rest for a pur-

pose which will hereinafter appear, 1s a cam-
wheel 39, on which are two cam elements, one
of which, 40, may be rigid and, as illustrated,
is integral with the wheel, while the other,
41, is adjustable to vary the circumferential
or angular distance between its operating-
terminal and the cam element 40 for chang-
ing the time of the cut-off, as will hereinafter
appear. Alongside thiscam-wheel and across
the face of it extends a bar 42, connected with
the cross-head 10, which connects the two
valve-stems, said bar42 being afforded a guide-
bearing at 38 in the frame between the two
valve-chambers. On the bar are two abut-
ments 44 44, each preferably in the torm of a
stud and roll, projecting past the periphery
of the disk and 1n position to be encoun-
tered by the cam-terminals as the disk rotates,

such encounter being calculated to thrust the

bar 42, and thereby the valves rigidly con-
nected with it, in one direction or the other.
The gear-wheel 37 is twice the size of the gear-
wheel 86, making one-half of a revolution for
each revolution of the former and of the main
shaft and the two abutments 44 44 being at

‘diametrically opposite points about the gear

36 are encountered at intervals of half a revo-

lution of the latter by the cam projection 40,

and thereby the valves are given a thrust al-
ternately in opposite directions at each half-
revolution of the gear 37 or each full revolu-
tion of the main shaft. The size of the
sprocket-wheel 16 is such that a full stroke of
the pistons actuating the chains 18 18" gives a
full revolution to the main shaft, which thus
makes two revolutions for each cycle in the
piston’s action, and the reversion of the valves
by the cam 40 therefore occurs at the end of
each stroke of the. pistons in each direction.
Fromthe arrangement ot the valves and ports
as seen in Fig. 10 it will be understood that
the movement of the valves thus caused ad-
mits the motive fluid behind the piston at the
limit of each stroke.
to cut off the motive fluid, and the slope of 1ts

operating end is such as to give the valves a

movement sufficient for cutting off the supply
at one end without closing the exhaust at the
other end, thus leaving the exhaust opened
fully while the piston is completing its stroke

The cam 41 is designed:

75

30
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until such time as the steam should be admit-

ted to reverse the stroke. The angular dis-
tance between the cam-terminals 40 and 41 de-
termines, 1t will be seen, the length of cut-off,
and this can thus be regulated at will by ad-
justing the cam 41 on the cam-wheel. For

stationary engines, in which such adjustment

125
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would only be made from time to time when
the general character of use is changed, I pro-
vide for adjusting the cam 41 by means of
slots 45, through which the screws take which
bind the cam—plate to the wheel. - For engines

in which the cut-off should be admstable dur-
ing running another means heremafter de-

seribed may be employed.

The operation of this structure may be un-
derstood by comparison of different views to
be as follows: Both the pistons being, for ex-
ample, at the end of the cylinder remote from
the main shaft, the valves will be in position
shown in Fig. 8. The inlet-ports are wide
open and motive fluid is admitted beyond the
pistons and immediately operates upon them
to thrust them outward. During this move-
ment toward the chain 18, carried by the cross-
head 8, rotates the sprocket—wheel 16 In the
direction in which its clutch engages and

‘drives the main shaft, while the other sprocket-

wheel 16® revolves in the opposite direction
by the chain 18" works idly thereabout. 'The
energy of the motive fluid operating upon
both pistons is, however, operative for the

purpose of drwmw the shaft because the cross-
head 8 transmits the motlon from both DI1S-

 tons to both the chains.
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It will be noticed that there is nothing in

the mechanical connection of the pistons to re-

verse their own movement, and they will reach

the limit of the stroke in the direction in which

they are actuated by the incoming of the mo-
tive fluid as quickly as the work which 1s be-
ing done by the motor will permit them to
move. If the work being done is heavy and
the movement correspondingly slow, the pis-
tons will make their full travel in the cylin-

“ders, because the resistance of the work on

the shaft will prevent it from running ahead
of the sprocket-wheel, and the valves there-

“fore cannot be opened until the pistons have

moved to the point for opening them. The
cam-wheel will therefore make its full half ro-
tary movement during the movement of the
pistons in one direction and will reverse the
position of the valves admitting the motive

fluid at the opposite end in the same time with
At some.

respect to the stroke as at starting.
time in the course of the stroke, according to
the position of the cam 41, the valves will be
moved by the terminal of said cam engaging
the proper abutment 44 and moving the valves
a distance to cause the port 46 to be closed,

but not sufficient to close the port 47 at the Op-
posite end toward which the piston 1s moving

“and through which the exhaust 1s éscaping.

As the piston nears the limit of its stroke the

wheel 39, having made a half-revolution, will

bring the cam 40 against the other abutment

44, and thereby the valves will be moved in

one stroke past the port 47, first covering that
port and then opening it on the inlet side.
"The piston will thus encounter and compress
the remnant of the exha,ust motive fluid and

sion . at the end of each stroke.
“this 1s to shorten the cut-off, the piston Some-

-tons instead of at each stroke. -

3

the initial supply of fresh motive fluid while

it is finishing its stroke and will then be re-
versed and the actions will be repeated in the
same order at the opposite end of the cylinder.

It will be seen that the movement of the
valves 1s determined by the rotation of the
main shaft and is in definite time relation
thereto by reason of the positive gear connec-

tion between sald main shaft and the cam-
wheel 39, by which the valves are operated.

On the other hand, 1t will be seen that the
movements of the plstons in the cylinders are

independent of the rotation of the shaftto the
‘extent that the shaft-and the valve action may

at a given time be more rapid than would re-
sult from positive connection with the pistons

75

8_0

at that time, and also that the piston-strokes

‘may be of any length in each direction, be-

cause their movement 1n either direction ro-

‘tates the shaft in the same direction, and their
movement for any distance in either direction
may be reversed without other effect upon the

rotation of the shaft than would be caused by

‘their continuous rotation in the same direc-
-tlon

‘The result of this relation of movement
1s that when the engine is operated at high
speed with light work the main shaft, and

thereby the Valves, may run ahead of the
pistons during the retardment of the latter,

which 1s caused at the period of compres-
“One efféct of

times barely coming to rest; readV for reversing
the stroke by the time the cam 41 reaches the

point at which 1t opera,tes the valve for cut-
ting off. Another effect is that the stroke of

the pistons will be shortened, because the al-

ternate admission of the motive fluid at oppo-

‘site sides of the piston is too rapid to allow it

to make 1ts full travel. Shortening the stroke

-of the pistons gives the Sprocket-wheel 16 cor-

respondingly Tess action on the main shaft by
means of the clutches, and the secondary re-

sult will be that the speed of the shaft will

oradually subside by reason of this diminished

-action upon 1t until at the point of most rapid

90

95

100

-'105_ |

[1IO - |

movement of the pistons that of the sprocket-

‘wheels equals it, and they will at this pointim-
pelit by means of the clutches. _
of the speed of the shatt correspondingly re-

duces the number of valve actions, and the

This reduction

n“g |

short stroke of the pistons contmumg these ac- -

reciprocations of the pistons, since the valve

-actions correspond to the distance of travel and

not to the number of reciprocations of the pis-
tons.

mum length, the number of valve actions may
eventually decline to one-half, while the num-

‘ber of reciprocations of the piston remains

the same, only lengthening to one-half full

ns, Forexample, if the stroke of the pistons
~has-been reduced to Iess than one-half the maxi-

‘tions will be less frequent than the number of

120

125

stroke, and in consequence the steam will be

taken only at each alternate stroke of the pis-
Since no exact,

130




relation between the two actions can be relied
upon, the result would be that the valve ac-
tions will ocecasionally occur out of time with

the piston actions, the steam being thus ad-

IO

20

30

- 35

mitted at the wrong side of the pistons. When
this occurs, the piston will be retarded so much
that the valves will run ahead of 1t and open
agaln upon the proper side after a strolke or
two; but if the speed of the shaft should fall

by reason of the work done during the lost

stroke of the piston the piston will by that
means recover its full stroke and immedidtely
restore the speed.

One advantage of the structure herein de-
scribed and shown is that when the piston’s
stroke 1s thus shortened by the action of the
valves occuring with a rapidity due to the

“speed of the piston at the point of its highest
speed the compression of the motive fluid,

whose premature admission to the cylmder
causes this shortening of the stroke, does not
mvolve any loss of energy, because the piston

s in this case stopped by “the yielding medium,

which gives back 1n 1ts reaction all the energy
e},_pended in compressing it, and the amount
of motive fluid which is discharged at the ex-
haust 1s1n proportion to the str oke of the pis-
ton and not in proportion to the space in the

cylinder which the steam may occupy.

The action above described of the valves
with respect to the pistons being liable, as
noted, to result in occasional dislocation of
the former—that i is, to situate them with re-
spect to the strokes of the piston so that the

motive fluid is admitted at the wrong side of

the latter—it may sometimes happen that the
motor will come to rest with the valve 1n such

position that upon the admission of the mo-

- 40

50

55

6o

tive fluid the pistons would not be started—

as, for example, if the pistons being at one

end of the cylinder, the steam should be admit-

ted at the opposite end, tending to hold them

in the position already occupied. In such
case to rectify the valve action without rotat-
ing the main shaft it is necessary to have the
cam-wheel 39 rotatable without communicat-
ing such rotation back to the gear 37. It 1s
for this reason that the cam-wheel is not posi-
tively attached tothe gear-wheel, but clutched,
as already stated.
A convenient structure for the purpose is

that illustrated, in which the gear-wheel 37

has a sleeve-hub 50 extending toward the

cam-wheel 39, which is stopped against move-

ment longitudinally with respect to the shaft.
Feathered on the sleeve-hub 50 there 1s a

‘wheel which comprises rigidly the ratchet-
- disk 52, having two series of ratchet-teeth fac-

ing 1n opposite directions, so as to be fed 1n

opposite directions by a pawl adapted to en-
gage the teeth, respectively, a similar ratchet-

~disk 53, preferably of greater diameter, and

65

the groovecd hub 54. A pawl 55 is pivoted on

the back of the cam-wheel 39, having 1ts nose

overhanging the ratchet- {hsh 52 and adapted

750,217

to engage the teeth of the disk in either di-
rection, but of such width that it may be set
to engage either one without engaging the
other set of ratchet-teeth. A similar pawl 56
is carried by a bar 57, mounted on the frame
and overhanging the ratchet-disk 53. A forked
Shlpplllﬂ‘-leVel 08 connected with a slide-bar

which carries the shlppmtr-levers 32, and the

movement which the ratchet-disks receive
from the shipping-lever carries one set of
ratchet-teeth on the disk 52 and the corre-
sponding set of the disk 53 out from under
their respective pawls 55 and 56 and the other
set of ratchet-teeth of the disks, respectively,
under or into engagement with said pawls, so
that the direction of rotation of the cam-
wheel 39 is changed at the same time that the
action of the driving-clutches on the main
shaft 1s reversed. When the valves are out
of proper position, the operator either be-
fore admitting the motive fluid or after ad-
mitting 1t and finding that the pistons do not
start wﬂl by means of the lever connected
with the bar 57, operate the pawl 56 to rotate
the cam-wheel 39 until the valves are b1 ought
to proper posmlon

1. An expansive-fluid mot01 comprising a
plurality of cylinders and pistons oper ‘Ltlnﬂ
therein, rigidly connected; valves contr olhno
the admission and exhaugt of motive fluid to:t
the cylinders respectively; a main shatt and
connections from the pistons for driving the
same, comprising two clutches, each adapted
to drive in one direction only, the driving
direction of said clutches being the same, and
means by which such clutches are rotated in
their driving direction by the opposite strokes
of the piston.

9. Anexpansive-fluid motor compl 1sing two

cylinders and pistons therein, rigidly con-
nected: a driving-shaft and two clutches there-
on, fumnﬂ‘ed to drive in the same direction,
the exterior element of each said clutches be-
ing a sprocket-wheel; a counter-shaft and

‘sprocket-wheels thereon corresponding to the

cluteh sprocket-wheels; a drive-chain connect-
ing the clutch sprocket-wheels with the coun-
ter-shaft sprocket-wheels, opposite plies of
said chalns respectively bemo positively con-
nected with the pistons for actuation by the
latter. valves controlling the motive fluid
into and out of the cvlmdels respectively,

‘having their stems rigidly connected, and

means actuated by the main shaft for moving
the valves.

3. Anexpansive-fluid motor comprising cyl-
mdel s, and pistons therein rigidly connected
and Operatmﬂ‘ together; a main shaft to which
the pistons communicate rotary movement;
two clutches by which such movement 1s com-
municated, arranged to engage the shatt for
driving by movement 1n the same dir ections,
and connections by which the pistons ogc,lllftte,
the clutch elements in opposite directions;

70

75

30

00

95

100

105

11C

IT§

120

125

130




w50,81%

“valve mechanism and means for operating it
deriving actuation from the main shaft and

in uniform time relation thereto.
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4, Anexpansive-fluid motor comprising two

parallél cylinders, and rigidly-connected pis-

tons operating therein respectively; a main
shaft extending transversely with respect to
the plane of the axes of the two pistons ad-
jacent to the ends of the e¢ylinders from which
the piston-stems emerge; a counter-shaft par-

“alle] with the main shaft more remote from

sald end: two sprocket-wheels ioose on the

‘main shaft, and corresponding sprocket-wheel

on the counter-shaft, and chains connect-

ing the corresponding wheels respectively,

the pistons being positively connected to
opposite plies of the chains for actuating

‘them 1n opposite directions, and clutches con-

necting the sprocket-wheel with the main

‘shaft arranged to drive said shaft by their:

alternate movements 1n the same direction;:

valves controlling the supply and exhaust of
motive fluid for the cylinders respectively

having their stems rigidly connected, and
means for actuating said valves comprising a
wheel rotated positively by connection with
the main shaft, and located between the same
and the counter-shaft.

5. An expansive-fluid motor, in combma,-
tion with the cylinders and rlgldly -connected
pistons therein; valves for controlling the mo-
tive fluid having their chambers and paths of
travel parallel with the cylinders respectively;
a main shaft rotated by a clutch connection
with the pistons; a wheel rotated by the main
shaft having cam projections; an arm con-
nected Wlth the valve-stems extending across

the face of such wheel and having abutments
In the path of said cam prdjections, whereby

the rotation of the wheel causes the projec-
tions to actuate the valve-stems i in fixed time

~ relation to the rotation of the main shaft.
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the cut-off.
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6. An expansive-fluid motor comprising two
cylinders and pistonstherein; a main shaft hav-
iIng two clutch connections with said pistons
adapted to rotate the shaft in the same direc-

tion by the opposite movements of the pistons; .

a wheel actuated 1n uniform time relation with
the main shaft; valves controlling the motive
fluid; a bar rigid with both said valves, and
abutments on said bar between which the cam-
wheel revolves, and which are encountered by
the cam projections of said wheel in such revo-
lution to actuate the valves longitudinally, one
of said projections being adapted to be adjust-
ed angularly with resPeet to the other to vary

- 7. An expansive-fluid motor comprising, in
combination with the cylinder, a piston oper-
ating therein, and valves for controlling its
operation; a main shaft and connections from
the piston for rotating the same, consisting of

two clutches, adapted to drive in the same di-

rection, means for operating them in their

driving direction by opposite strokes of the

S

piston and means for reversing the clutching

action of the clutches.

8. An expansive-fluid motor comprising, in

combination with the e¢ylinder and its plston

a controlling-valve; a main shaft and one-way

driving-clutch connections from the piston for

70

driving the same, means for operating the

Valves ectuated in uniform time relation with

the main shaft, and means for actuating said
valve-operating devicesindependently of their

75

actuation by the shaft for rectifying the rela-

tion of the valve action to the piston action.
9. In an expansive-fluid motor, comprising,

in combination with the eylmder and plston -

and 1ts controlling-valves, a main shaft and
one-way driving connections from the piston

for driving same, means for reversing the
clutching action of the clutchee to reverse the

dlrectwn of rotation of the main she,ft means
for moving the valves actuated in umform
tm:le reletlon with the main shaft, and com-

prising a clutch device for eommumeatmg ro-
ta,ry motion in onedirection; means for revers-

ing the action of such eluteh connected with
and operated by the means for reversing the
action of the main-shaft clutches.

10. In an expansive-fluid motor eomprls-
ing, in combination with the cylinder, its pis-
ton and controlling-valve, a main shaft and
one-way drivihg-clutech connections from the

piston for rotating the same; a wheel rotated
1In uniform time relation with the main shaft

8o
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having cam projections for actuating the
valves; an element connected with the valves

for their actuation, having abutments at points
diametrically opposite w113h respect to the ams
of said cam-wheel.

11. In an expansive-fluid motor compris-
ing a cylinder and its piston and controlling-
VELlVe, amalnshaftand one-way driving-clutch

connections from the p’iston for rotating the

shaft; a wheel rotated in. uniform time rela-

tion with the main shaft and having cam pro-
Jections for actuating the valve, one of said
‘projections being adjustable to vary the an-
oular distance between the two for reo*ulatmo'

the cut-off. |
12. An expansive-fluid motor comprising,

in combination with the cylinders and rlo‘ldly- _

connected pistons operating therein, a driving-
shaft and two clutches thereon arranﬂ'ed to
drive in the same dlreetlen the exterior ele-

‘ment of each of said clutches being a sprocket-
‘wheel, a counter -shaft and Sprecket-wheels

thereon corresponding to the clutch sprocket-

“wheels; drive -chains connecting the clutch
sprocket - wheels with the counter -

shaft

sprocket-wheels; a cross-head rigidly connect-
ing the two pistons, sald cross-head being at-
tached’ positively to one ply of one of the

drive-chains, and to the opposite ply of the

other drive-chain; valves controlling the mo-

‘tive fluid into and out of the evhnders respec-
tively; a cross-head rigidly connecting the
stems of the valves; two abutments carried'by |
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said eross-head, and cam devices rotated by
connection with the main shaft for encounter-
ing said abutments to operate the valve-stems.
13. An expansive-fluid motor comprising,
in combination with the cylinder and piston
operating therein, valves for controlling its
operation; a main shaft and connections from
the piston for rotating the same, consisting of
two clutches adapted to drive in the same di-
rection; means for operating them in their
driving direction by opposite strokes of the
piston, said clutches comprising each an 1n-
terior and an exterior element, and an annu-
lar group of balls between said elements, the
inner element having for each ball a seat be-
tween which and the outer element the ball
may be wedged by movement in either direc-
tion fromthe middle point of the seat; a third
element which retains the balls between said
inrier and outer elements, having fingers be-
tween which the balls are checked; means for
adjusting said third element to check the balls
from passing the center of their seats respec-
tively in one direction or the other, accord-
ing to the adjustment, whereby the clutches
may be set to drive in either direction accord-
ing to the adjustment of said third element.
14. In an expansive-fluid motor, in combi-

nation with the cylinder and piston, main shaft

and one-way driving-clutch onsaid main shaft,
and connections from the piston for driving
said clutch, the clutch comprising the outer
element, 21, and the inner element, 20, and
the annular ball between said elements, and the
ball-retaining element, 25, the element, 20,
having for each ball a seat which trends from
its middle point in both directions converging
toward the annular wall of the outer element,
said retaining element having the fingers, 27,
between which the balls respectively are
checked, the sleeve, 28, feathered and adapt-
ed to move longitudinally on the shaft, and
cam connections between said sleeve and said
ball-retaining elements for rocking the latter
on the shaft when the sleeve is moved longi-
tudinally thereon, and a shipping-arm engag-
ing said sleeve to thus move it longitudinally,
whereby the driving direction of the cluteh
may be reversed at will.

15. An expansive-fluid motor comprising
two parallel cylinders and rigidly-connected
pistons operating therein respectively; a main
shaft to which the pistons communicate rotary
movement: two clutches by which said move-
ment is communicated, arranged to engage the
shaft for driving by movement in the same
direction, the outer element of each of said
clutches being a sprocket-wheel, and means
for connecting said clutches with the piston,
consisting of chains engaging said sprocket-
wheels, and having opposite plies oppositely
connected to the two pistons respectively, said
clutches each comprising, in addition to said
outer sprocket-wheel and inner element, an
annular series of balls between the two ele-

w50,21%

ments and a ball-retaining element inclosing
the annular chamber for the balls and pro-
vided with fingers projecting between the
balls, the inner element having for each ball
a seat which trends from a middle point 1n op-
posite directions convergingly toward the an-
nular wall of the outer sprocket-wheel ele-

ment; sleeves feathered on the shaft adjacent

to the clutches respectively, having cam con-
nections between sald sleeves and said ball-
retaining elements respectively, adapted to
rock the ball-retaining elements on the shatt

when the sleeves are moved longitudinally,

the shipping-bar, 34, and forked arms there-

from engaging the sleeves, and means for op-

erating the bar to slide the sleeves on the shaft
at will to reverse the driving direction of the
clutches. -

16. An expansive-fluid motor comprising, in
combination with two parallel cylinders rig-
idly united, parallel pistons rigidly connected,
operating therein; valves for controlling their
operation; a main shaft and connections from
the pistons for rotating the same, consisting
of two clutches adapted to drive in the same
direction: means for operating them in thelr
driving direction by opposite strokes of the
pistons, and means for reversing the clutch-
ing action of the clutches.

17. Anexpansive-fluid motor comprising, in
combination with two parallel cylinders rig-
idly joined, pistons operating therein, rigidly
connected; controlling-valves; a main shatt
and one-way driving-clutch connections from
the pistons for driving the same; means for
operating the valves actuated in uniform time
relation with the main shaft, and means for
actuating said valve-operating devices inde-
pendently of their actuation by the shaft for
rectifying the relation of the valve action to
the piston action. |

18. In anexpansive-fluid motor comprising,
in combination with two parallel cylinders
rigidly joined, operating therein, and the con-
trolling-valves for the same, a main shaft and
one-way driving-clutch connections from the
pistons for driving the shaft; means for re-
versing the clutching action of the clutches to
reverse the direction of rotation of the shaft;
means for moving the valves actuated 1n uni-
form time relation with the main shaft, and
comprising cluteh devices for communicating
rotary motion in one direction; means for re-
versing the action of such clutech devices con-
nected with and operated by the means for re-
versing the action of the main-shaft clutches.

19. In anexpansive-fluid motor comprising,
in combination with two parallel and rigidly-
joined cylinders, their rigidly-connected pis-
tons and controlling-valves; a main shaft and
one-way driving-clutch connections from the
pistons for rotating the shaft; a wheel rotated
in uniform time relation with the main shaft,
having cam projections for actuating the

valves, and an element connected with the
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~ valves for their actuation, having abutments

- IQ

at points diametrically opposite with respect

to the axis of same cam-wheel.

20. In an expansive-fluid motor comprising

two parallel rigidly-united eylinders and their
respective rigidly-united pistons and control-
ling-valves, a main shaft and one-way driving-
clutch connections from the pistons for rotat-
ing the shaft; a wheel rotated in uniform time
relation with the main shaft, and having cam
projections for actuating the valves, one of

said projections being adjustable to vary the
angular distance between the two for regulat-
ing the cut-off. -

In testlmony wher eof I have hereunto set 15
my hand, in the presence of two witnesses, at

Denison, Iowa this16th day of Februa,ry,A D. .

1903.
JAMES A. NORTON.
In presence of— = o
- (EO. A. RICHARDSON,
KAaTE (FAFFEY.
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