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o all whom it ma& I conceri: o |
_ Be it known that we, JouN W. PICKEL fmd

ROBERTSNYDER cltlzens of the United States,
residing at Crystal City,

in the county of Jef
ferson and State of Mlssourl have made a cer-

tain new and useful Improvement in Rotary

KEngines, of which the following is a full, clear,.

and exact deseription, such as WIH enable oth-

ers skilled in the art to which it appertains-
tomakeand use thesame, reference being had

to the-accom panying drawuws formmﬂ* part
of this specification, in which—

Figure 1 is a vertical sectional view of our
impr oved rotary engine.  Fig

engine, the same being on line 2 2, Fig. 3.
a horizontal sectlona,l v1ew on lme
3 3 Fig. 2 Fig. 4 is an enlarged front ele-
Vatmnal view, partly in seotlon of our im:
proved rotary engine, together Wlth the cut-
ol mechanism employ edtherem Fig.disan
enlarged detail vertical sectional view of a
9110*htly-mod1ﬁed form of construction of the
second and third auxiliary slide-valves, and

Fig. 6 is horizontal plan %ectlonal view of the ;

- sdme.

30
35
40

45

improvement in rotary engines, the object
being to construct an en gine of the charaetel

described in a simple and cheap manner and
provide the same with rever sing mechanism,

as well as a variable governing mechamsm

the latter being manually adj u..stable aceord-,_;

Ing to the load but automatic when opera-
twe with 1espect to 1ts action.

- With these ob]eets in view the invention
consists principally in the construction of the
main or throttling valve, which carries the
positive cut-off, and governing or variable
Ineldental to this are the |

cut-off: valves.
novel means employed for positively operat-
ingthe primary cut-off valve, the novel means

employed for throwing the opemtmﬂ' mech-
anism into and out of engagement with the

variable cut-off va,lves and for varying the

stroke of said valves w hen in opelatwe 1ela,-r

- tion to the engine.

IS-O

Finally, the mvenbion COH&IStS in the novel

construction, arrangement, and combination
-of 1he sever :fl,l pmt% of our enﬂ'me, all as w111

.218an enlarged
vertical sectional view thmucrh one of’ the-
slide-valves employed in our 1mproved rotary

[ 1]

face

in 811113&1)16

properis of a diameter considerably
‘the inside diameter of the cylinder, which

cylinder.

' helemafter be desenbed, and pomted outin
'the claims. |
In the drawings, 1 mdma,tefs ) %mta,ble cas-

mﬂ' forming the eylmdet of our improved ro-
ta,r'y engine, which cylinder is mounted upon

a smtanle base 9.

55

3 indicates a suitable eylmdm head bolted |

or otherwise secured to the open end of the

~casing 1 and which, together with the rear
;-hounses ina
‘suitable piston 4. The 1nter101 of the ¢ylin-

of the cy]mder or casing

der is provided with abutments 5 and 6, of

,whleh there are preferably two, and the D1s-

prefer-
and 8, which slide

ton 4 is provided with plston heads (
ably two in mumber) 7
grooves 9 and 10, preferably ra-
dially disposed in said plston The piston
less than

60

70

leaves a space 11 between said piston and the

The abutments 5 and 6 are formed
with their inner ed ges concentric with the
main shaft 12 of the engine, the radius of said

concentric portions of the abutments 5 and 6
‘being equal to the radius of the pi

iston 4, and
said abutments 5 and 6 are provided mth

| suitable packings to form a steam-tight joint
This invention relates to a new and useful ;

between the periphery of the piston and said

abutments. We will state here that piston 4 is
| of a width to fill the interior of the casing
The concentric
Pportions of the abutments.5 and 6 oceupy but

from head 3 to back plate.

a short space, and from the point where the
inner faces on these abutments cease to be

| concentric a tapered face or faces gradually
| recede and finally blend by suitable curves

into the inner: perlphery of the eylinder.

Preferably at this juncture of the receding
tapered portionsand the internal diameter of
the cylinder are formed ports 14,15,16, and 17.

13indicates a cam-groove Whlch is formed
preferably, by mwardly projecting portmns
19, 20, and 21, formed on the cylinder-head
3 and also on the inside face of the rear wall
of the engine, the latter not bemg shown.
The plston 4 is provided with a concentrie
groove 22, into which said projections 19, 20,

a.nd 21 ﬁt and when the piston is pmpelly

placed in posﬂamn within the cylmder of.the

engme the cam -groove 18 is thus formed.

75

0

| 90 
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| bmt&blelnward] y- dl‘ipOb@d 1nelmed or curved- N




o | ' S . 625,800

IO

faces 23 are arranged at the ends of -the pro-
jections 21, and the inner faces of the projec-
tions 19 and 20 conform to the curved faces
23. - The outer edges of the projections 19
and 20 only extend through about sixty de-

grees of a circle or terminate at about a ra-

dial line from the center of the shaft to the
ports 14, 15, 16, and 17.

Piston-heads 7 and 8 are provided upon
their inner edges with eylindrical projections
24, and between the inner edges of these pro-
jections 24 and the outer ends of the piston-
heads 7 and 8 are formed recesses or notches

25, the cylindrical portions 24 being designed

20
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to travel in the cam-groove 18, while recesses
25 in the piston-heads 7 and 8 are for the pur-
pose of permitting the piston-heads 7 and S

to be drawn inwardly by the projections 19

and 20 and the corresponding faces 23 when
the piston passes this point, and as the pro-
jections 19 and 20 (as well as 21) are station-
ary it is essential that these cut-out portions
25 must oceur in the piston-heads in order
that the piston-heads may pass these projec-
tions 19 and 20. |

The base 2, while acting as a support for

the engine and its ecarried parts, is made hol-

low and is designed to also act as a valve-
casing for a throttle-valve 26, shown here as
a slide - valve, and diametrically opposite 1s
provided a second valve-casing 27, containing
therein a corresponding throttle-valve 28, the
internal length of the valve-casings being as
much longer than the length of these valves
as the designed movement of said valve, the
purpose of which will be hereinatter ex-
plained. These casings 2 and 27 are wholly
occupied transversely by the throttle-valves,
which are hollow, containing the cut-off
valves,and said hollow valves alsoform steam-
chests, into which steam is admitted through
the openings ¢ in the casings 2 and 27, said
openings always communicating with the in-

terior of the throttle-valves, as will be well

understood. |

29 indicates an operating-lever connecting
valves 26 and 28, .which lever is pivoted to
suitable lugs formed, preferably, on the out-

~ side of casing 1, said pivot-point being mid-

50

35
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way the distance between said valves in or-
der to impart a like movement to each, but
in opposite directions. |

- 30 and 31 indicate suitable connections se-

cured in any suitable manner to the throttle-

valves, their outer ends being loosely con-
nected to the lever 29 to accommodate the
arc of movement described by the lever.

32 indicates a notched segment designed
to codperate with a suitable lateh 29*, carried
by the lever 29, and which when said lateh co-
operates with said notches in the notched

‘segment holds said lever in one position or
- the other, which in turn causes the throttle-

valves to occupy different positions within
their casings, depending upon the direction
in which it is desired to rotate the engine.

pa-rts are duplicated on each side of the er-

gine, we will confine our description to but

one, (the upper,) it being understood that it

applies equally to the lower.

33 and 34 indicate shafts suitably journaled

i the valve 28, said shafts protruding out
through one side of said valve and passing

| through suitable slots 35, formed in the'valve-

casing. - |

36 and 37 indicate pinions secured to the
rock-shaft 33 within the valve 28, and 38 and
39indicatesuitable pinionssimilarly mounted
upon and secured to the rock-shaft 34. These
pinions are designed to mesh upon one side
with racks 40, 41, 42, and 43, respectively se-

‘cured to the primary cut-off valves 44 and 49.

46 and 47 indicate portssoarranged in one of
the faces of the throttle-valve 28 as to coop-
erate with the ports 14 and 15in the cylinder
of the engine. Ports 46 and 47 are arranged

c¢loser together than the ports 14 and 15 in
order that when the throttle-valve 28 is in a-

central position neither of the ports 46 or 47
will be in registration with the ports 14 and
15: but when said valve 28 is moved from a
central position to one side or the other one
or the other of said ports 46 or 47 will regis-
ter with the port 14 or 15—thatis, if the port
46 is in registration with the port 14, asshown
in the drawings, the port 47 will have moved
in such position as to be blinded. This move-
ment will also permit the end of the valve 23
to clear the port 15, which will allow the ex-
haust from the steam-space 11 to enter the
valve-casing of the slide-valve 28 and outside
the same, from whence it escapes to the at-
mosphere through the exhaust-opening 43, 1t
being understood that there is an exhaust-

port 48 at each end of the valve-casing in or-

der that when the valve is at the opposite
end of the casing the exhaust may pass from

the opposite end, as is obvious.

The cut-off valves 44 and 45 when the en-
ogine is running normally have their outer
edges just clear of the ports 46 and 47, and
should either of the rock-shafts 33 or 34 be

rocked in the proper direction the valves 44

and 45 will close either port 46 or 47.

49 and 50 indicate variable cut-off ‘valves
arranged above the primary cut-off valves 44
and 45. While the outer ends of these vari-
able cut-off valves 49 and 50 are substantially
of the same construction as the primary cut-
off valves 44 and 45, their operation 1s differ-

ent, inasmuch as they work in unison—that

is, move in opposite directions at the same
time.

ter’” involves independent mechanism for
their separate operation, which has been de-
seribed. The unitary movement of the vari-
able ecut-off valves is accomplished by a suit-

‘able rack 53, formed on the under face of the

bar 51 of the valve 49, and a rack 54 on the
upper face of the bar 52 of the valve 50, said
bars and their carried racks being in verti-

As the throttle-valves and their associate | cal alinement with each other and designed

70
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As the primary cut-oif valves must
‘be positively operated, their being *‘off cen-

I3C
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to codperate with a smﬂ'le pinion 55, secured |
to a rock-shaft 56, said roek-shaft bemg jour-

naled in the throttle valve 28in like manner
as are the shafts 33 and 84. Suitable fruldes
o7 may be employed in connection with the

cut-off valves for the purpose of 1n811r1n0*the11 |

perfect alinement. The manner in Which
these rock-shafts 33, 84, and 56 are oper-

~ated is best 1llustrated in FKig. 4, wherem it

- 10

will be noticed that the shaft 33 is provided

upon its outer end, which protrudes thr ough .

~ the casing passing th['()llﬂ‘h the slot 35, with a

20
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emnk 28, and upon the shaft 34 18 a crank
" The shaft 56 18 also pr ev1ded with a simi-

-]-‘:'LI' crank 60.

61 indicates a cam- dlsk keyed or othem ise
secured to the main shaft 12. This disk is

provided with a eam-groove 62, said groove

being formed in part ef concentric arooves 63,
arran ﬂ'ed diametrically opposite eeeh ether

and in part of econcentric grooves 64, likewise

arranged diametrically opposite ecwh other.
Pheee last-mentioned grooves have greater
radii than the grooves 63 said grooves 64 be-
ing also shorter than the grooves 63. These

grooves 63 and 64 eemmumedte Wlth each
"ethel at 69.

66 and 67 indicate eam-rolls designed to
travel in the cam-groove 62, said eam-rolls
being journaled on the ends of link-rods 68
and 69, respectively. The upper end of link-

‘rod 68 i is pivotally secured to the free end of

the lever 58, and the upper end of the link-

rod 69 is seem ed tothe free end of the crank 59.
70 1ndicates suitable guides or supports

provided with openings or slots 71, through
which the arms 68 and 69 pass. The purpose
of these guides or supports is to compel the

lower ends of the rods 68 and 69 to oCceupy a
given position in order that the cam-rolls
,]eumeled upon the ends of said rods will beel |

a fixed relation to the cam- -groove 62.

72 indicatesan eecentrm keved or otherwise |

. .'beemed to the main shaft 12 and preferably

45

located elose to one side of the cam: 61. - This

. eccentric carries a strap 73, and radially ex-
~ tending from this strap are preferably two
- arms 74 and 75, arranged dla,metueallv oppo-

~of 'a rod or lmk 77,

55

| -S1te each 0the1

76 indicates a lug formed on the sttap 73

f._-a,nd to said lug is pwotally secured one end_

- The outer end of this
~ " rod 77 is pmwded with a slot 78, and. thirough

this slot it is pivotally connected by.- A SCrew
79 to a regulating-lever 80, which is pivoted

to a boss: bl for med on the eyhndel -head, and

s desw‘ned to codperate with a netehed seg-

- ment 8?’
- preferably provided with a manually-oper-
ated retaining-latch §1*, codperating with the
‘notches in sewment; 32 for the purpose of

The upper end of the rod 80 is

holding the lever in its adjnsted positions.

' It is ebkus that in lieu of lever 80 a cen-

trifugal ball-governing device could be. used,
if deelred 130 throw the eccentrice- stra,p when

- the speed. ef the engine is excessive

83 and 84 mchcete eurved levers pweted at

and the throttle-valve 28 to the left. -
operation will cause the piston of the engine

85 and S0, respectwely These pivot-points,
as well as the leversthemselves, are arranged,
preferably, diametrically oppomte each other.
The longer end of the lever 83 is provided

| with a slot 37, said slot being T-shaped at its

outer end and into said slet the eute1 end of
the arm 74: is bent.
arm 84 is also provided with a slot 88, which

is also T-shaped at its outerend, and throu gh

‘T'he longer end of the

C

75

said slot 88 extends the outer bent end of the o

arm 75.

the other end of which is secured to the cra,uk

60, and the shorter member of the arm 84 has

pwotal]y secured thereto a link-rod 89*, the
other end of which rod 89* is secured te a

crank 60%, which corresponds with the crank
00, only at the other side of the engine. |
68"* and 69* indicate link-rod eonneetlons, |

one end of each being secured to the cranks
53* and 592, reqpeetwely The other or up-
per ends of said link-rods 68* and 69* are pro-

vided with cam-rolls 662 and 67%, said cam-

rolls being located within the cam-groove 62

and upon the opposite side of the disk 61 from

the cam-rolls 66. These parts are designed
to operate the lower set of valves sumlar to

| the corresponding parts just described.

The operetwn of the engine is as follows:

‘The shorter member of the arm 83
{ has pivotally secured thereto a link-rod 89,

80

95

The engine is started in either direction by

the mampulatwn of the controlling-lever 29,

and in Figs. 1 and 2 this controlling-lever ]1ae
been thrown in the proper dlreetlen to cause
the throttle-valve 26 to be thrown to the right
Thls

to travel in the direction indicated by the ar-
rows.

tration with the port 14 of the cylinder, and

The port 46 of valve 28 is now in regis-

100

105

‘the port 46* of the valve 26 is in registration =
‘with the port 17 of the cylinder, and the valve

28 has moved in such a dlreetlen as to open

the cylinder-port 15, making this port an ex-.
leemse the port 16 of the cyl-. S
‘inder is opened as an exhaust.

haust- -port. .

11O

The move-

ment of the valves in the direction before
mentioned will blind the port 47 of the valve 28

“and also the port 47* of the valve 26, and when
the cut-off valves contained w1th111 the throt-
‘tle-valves 26 and 28 are in the position shown

115

in Fig. 2 an uninterrupted steam communiea-

tion will be made between the interior of the
throttle-valves and the steam- -space of the en-
The feathered arrows in Figs. 1 and 2
| mdlca,te live steam and the featherlese Arrows -
indicate exhaust-steam. |
the steam, as indicated b} the feathered ar-
rows, 18 entermﬂ' the eylinder of the-engine
‘behind the piston-heads 7 and 8 in such a di-
‘rection as to cause said steam to exert pres- -

0‘1116

120 ..

It will be seen tha,t .

1'25-_': )

sure behind said piston-heads and force the = L

piston to revolve in the direction indicated.
As the engine takes and exhausts steam si-

130 '

multeneouely twice during every revolution -

of the main shaft, it is essentml to cut off the -
| steam from the steam- -space 11 when the pis-
_tmu heads are under the abutments 5 and 6
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- sure be in excess of what is required by the
load being carried and it is desired to have
the engine travel partially upon expansion

in order to prevent live steam from running |
through the engine, as will be readily under—

stood by a ﬂlance at Fig. 2.

pressure of steam behind them, we provide
| the arms 83 and 84 to roek or vibrate and,

the primary cut-off valves 44 and 45, which,

as stated, are provided with suitable raeks, |

which racks are in mesh with pinionsarranged

on the shafts 83 and 34, and as these shafts |
33 and 34 have arranged on their outer ends

cranks 58 and 59, the outer ends of which are

connected to the link-rods 68 and 69, said
‘rods 68 and 69 being also provided with the
‘cam-rolls 66 and 67, which travel in the cam--
oroove 62, the cam 61 will cause the shafts 35

and 34 to rock, the fluctuation in the cam-
groove 62 being so located with respect to the

position of the piston-heads 7and 3 that steam
will be cut off from the steam-space 11 just
before the piston-heads pass the exhaust-ports

in the cylinder of the engine, and during

‘the travel of the piston-heads 7 and 8 from

the exhaust-port until they again pass the
live-steam port.

as it does in Fig. 4, and when the portion of

the cam-groove ‘marked x coOperates with the
cam-—rolls 67 on the link-rod 69 the shaft 34
will rock and operate the primary cut-off
valve 45, which will not accomplish anything,
for the port which said valve 45 closes has al-
ready been blinded by the movement of the:
throttle-valve 28, and likewise when the por- |
tion marked ¥ 0pelates the cam-roll 67 and
~ link 69 and shaft 34, which controls said valve
45, and throws it in the opposite direction to
open the blind port nothing will be accom-
plished; but when the portlon a of the cam-
groove cooperates with the roll 67 on the link .
()8 the shaft 33 will be rocked, which will
Likewise .
when the portion x*-of the cam-groove and
‘the portion marked y* cooperate with the link--
rods 68* and 69* the primary cut-off valves:
44* and 45° in the throttle-valve 26 will coOp-
erate with their ports 46 and 47* in the same
. As the rods 68 and 68* and 69 and
69*arearranged at equal distances from a ver-
‘tical line thloun*h the center of the engine
and as the cam-groove is regular, inasmuch
-as its portions 63 and 64 are concentric, it is
obvious that the same result will be attained

throw valve 44 to close the port 46.

manner.

when the engine is caused to revolve in the
opposite dlrectmn
After the engine is started cshould the pr es-

Steam will thus be cut off
until the next fluctuation in the cam-groove
causes the shafts 58 and 59 to rock in the op-
posite direction, which will be done just after
the plston-heads 7 and 8 have passed said live-
steam ports, or, in other words, if the piston-
heads are tmvehnw in the direction indicated
by the arrows in Fws 1and 2 the cam 61 will
bear the relation to “the piston-heads 7 and 8

.elﬂ'hth or one-half a revolution.

e o - 625,800

two, Wthh brings the arms 74 and 75 into op-

erative relatlon to the slots 87 and 88 of the

In orderto close | arms 83 and 84. The T-heads of the slots 87
~ the a’dmission-portswhen the piston-heads

are nov in the proper position to receive the

and 88 permit the arms 74 and 75 to move
idly until the rotative position of the strap is

changed, as above described, which will cause

through theirlink connections,cause the shaft
56 to roclc and throw the Seeondaly cut-o
valves through the intermediacy of the racks
and pinions codperating therewith, thus par-
tially throttling the qte&m to the engine.

When it 1s desired to rely upon expansion to
a still greater extent, the lever 80 may be ad-
juasted another noteh or two, which will rock
the eccentric-strap on 1ts eccentric a still
oreater distance. This will bring the arms
74 and 75 closer to the pivot- pomts 85 and S6
of the arms 83 and 84 and give said arms &

75

80

oreater vibration or rocking movement which

Wlll move the Seeonda,ry cut-ofl Valves a
oreater distance, as is obvions. By adjust-

ing the position of lever 80 the throw of these

valves is regulated or varied.

In Figs. 5 and 6 of the drawings we have
shown a shn*ht m0d1ﬁcat10n in the auxiliary
or Seeondary cut-off valves, wherein we give
sald valves a lap in their closed position over
theportor portsinthe throttle-valve. While

the construction shown in Figs. 1, 2, and 3 of

the drawingsillustrates the prin elple of throt-
tling these ports, still the operation or move-

ment of the eccentric and its strap is such

that in the first eighth of a revolution, start-

ing from the position shown, the eccentric-

stra,p travels in a right line qulte slowly and
only about one- “half the distance that it does

1in its more rapid travel in the second eighth

of the revolution-—thatis, when the eccentl 1¢
and its strap, together with the arms on said
strap, are in the position shown in Fig. 4

9¢

05

IC

IC

said strap and its arms have been thrown to

its extreme limit to the left—and when the

eccentric rotates through its first eighth the
end of the arm is moved, we will say, one-

I1

half an inch in a horizontal line; but when . .

the eccentric proper rotates its second eighth

the end of the arm on the eccentric-strap will

have moved one and one-half inches alto-
ogether, or one inch more. In its first eighth

the eccentric-strap only traveled one- -half an

inch and that quite slowly when compared
with its greater movement in the next eighth.
The t,hlrd eighth is correspondingly 1a,p1c1

I}

|

gradually dee'rea,sing until the turning-point

of thestrap is reached at the end of the fourth

second and third eighths which we wish to

take advantage of in having the secondary

auxiliary eut-off valve pass the port, as it is

‘desirable that this port skould be throttled

quickly when the valve movesits full stroke—

thatis, thelever80isthrownto itslast notch— x;

and it is desired to throttle the steam to the
oreatest extent, and to accomplish this we

have made the ends of the secondary slide-

It is the

I:

the lever 80 is tlnown outwmdly a notch or | va,lves conmdembly 10]]0'61 than the port&, .




R _Whleh they are mtended to cover, whereby the | cyhnder pmts sald valve fm ming a stea;m-'
L chest, a primary cut-off valve in the throttle- =
'Va,lve for controlling the admission of pres-

slow movementsof the first and last eighths of

the eccentricin the half- revolutmn undel con-

sideration are utilized in traveling over the
lap, and when it passes the port either in

‘opening or closing the same, the second and
. 13111rcl eighths lmpartaqmck movementbhere-.

When the lever 80 is in its ﬁrst notch,

" the stroke of the valves is very slight, 1;1013

10

even covering the port; but as leve1 bO 1S
- moved falthel back the stroke is,increased

- until the valves vibrate quickly over the port,

25

30

| companymn‘ details, will be readlly under-
- stood by skilled mechames

35
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opening and closing the same twice during

each revolution of the piston and admitting

comparatively but little steam to the engine

and that immediately after the piston- heads-
‘pass their respective ports and abutments,
after which when the steam is cut off the ex-

- pansion of the steam in the spaees 11 is util-
20

ized to drive the piston.
While we haveshown a duplex enginein the

- drawings—that is; the valves are dupllcated
- for the two p1ston heads—it will be obvious

that if three or more piston-heads were em-
ployed the parts could be triplicated or mul-

‘tiplied to correspond with the required con-
- ditions.
found desirablein some instances to eonstruct |
an engine with a single piston-head and valve

On the other hand, it might be
motlon all of WhlGh changes, with thelr aC-

able, as the engine shown has a dead- -point,

when the two plston -heads are on the abut-
ments to eouple two engines on the same

shaft, the piston-heads of said .engine being

-, out of alinement or arranged at an zmg]e to

each other.
We are aware that many minor c,ha,nﬂes in
the construction, arrangement, and comb1-

nation of the sevmal parts of our engine can
be made and substituted for those herein

- shown and described without in the least de-

50

parting from the nature and pr'mclple of our
Invention.

Having thus desecr 1bed our mventlon what

we clalm and desire to secure by Lettel s Pat-
ent, 18—

1. In arotary engine, the combmatlon with
the cylinder formed with an abutment and
ports, of a main shaft, a rotating piston in

- sald cylinder and mounted on sald shaft, a
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piston-head slidingly mounted in said plston
a hollow throttle-valve coéperating with the
cylinder-ports, said valve forming a steam-
chest, a plurality of cut-off valves arranged
in said thr ottle-valve for controlling the cyl—
inder inlet-port, and valve-operating mech-
anisms for actuating said cut-off valves in-
dependently of each other, qubstantlallv as
described.

2. Inarotary engine, the combination with

- the cylinder fmmed mth an abutment and

ports, of a main shaft, a rotating piston in
said eylinder and mounted on sald shaft, a
piston-head slidingly mounted in said p1ston

of said abutments

Also, it is desir-

sure into the cylinder,

3. In a rotary engine wherein steam is ad-

70
means operated by
| the main shaft for pomtwely operating said- R
.-pruna,ry cut-off va,lve at each rotation of the
_plston a secondary cut-off valve Wthh Iike-

‘wise, cooperates with the eylmder mlet port,
‘mechanism for operating this last- named
J,:_.valve, and means for throwing said mechan-
-isminto, or out of, operative enﬂ'an*ement w1th
sald valve, substantlally as deserlbed -

s o

| o0 -
mltted and exhausted morethanonceinevery =
revolution of the main shaft, the combination
‘with a cylinder, of a plurahty of abutments
formed therein, ports arranged on each side
_ rotaly piston arranged 85
inside of said eyhndel and bearing a,n'&m% o

said abutments, a plurality of sl1d1ng plston-.

remprocatmw throttle slide-valves for admit-

ting and exhausting pressure to and from the
Qcylmder at different points, and a plurality
of cut-off valves for cutting off said pressure
fluid when the pistons are passing the abut- -
‘ments to prevent pressure fluid from run-
‘ning through the engine, substantmlly as de-
,jscnbed - |

4. Ina mtmy engine wherem stealn is ad-

mitted and exha,ubted more than onceinevery

i heads armnﬂ‘ed in said piston, a plurality of .

9¢ﬂ

.95.'_ B

revolution of the main shaft, the combination

with a cylinder, of a plurallty of abutments
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formed therein, ports arranged on each side
of said abutments a rotary p1st0n arranged

_.msuie of said cylmder and  bearing against

said abutments, a plurality of shdm p1s‘ﬂ:0n- o

heads arranged in said piston, thr ottle slide~

valves for adm1tt1n0‘ and exhausting pressure

to and from the eylmder at different points,

a plurality of eut-off valves arranged in said

ports thereof, means for reciprocating the

105

‘throttle slide-valves for eooperatww with the
110

throttle slide- v&lves toreversethe engine,and

valve - operating mechanism for actuating

said eat-off valves Substantlally as descrlbed |

5. In a rotary engine wherein steam is ad-
m1tted and exha,usted morethanoncein every

‘revolution of the main shaft, the combination

with a cylinder, of a plumhty of abutments
formed therein, ports arranged on each side
of said abutments, a rotarv piston arranged

insaid eylinderand bearing against said abut-

ments, a plurality of. shdmﬂ' plston -heads ar-

T 1-5
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ra,ucred in said piston, thr ottle valves for ad-

1111131311:10' and exhausting pressure to and from

the eyhnder at dlfferent points, cut-off valves
arranged in said throttle-valves for cobper-
ating with the ports thereof, racks formed on

racks, shafts upon which said pinions are se-

.cured and means for codperating with said
cut-off valves for throttling the pressure fluid
when said plston-heads are passing the abut— |

mentb, substa,ntmlly as described.

125

| said cut-off valves, pinions meshmn' with said
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6. In a rotary engine wherein steam is ad-

a hollow throttle-valve codperating with the | mltted a,nd exhausted more than onceinevery
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revolution of the main shatt, the combination | ondary cut-off valves for throtﬂing the pres-

~with a cylinder, of a plurality of abutments

formed therein, ports arranged on each side

of said abutments, a rotary piston arranged .

inside of said cylinder and bearing against
sald abutments, a plurality of sliding piston-
heads arranged in said piston, throttle-valves

~ for admittingand exhausting pressure to and

10

15

20
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from the cylinder, primary cut-off valves ar-
ranged insaid throttle-valves forcooperating
with the inlet-ports thereof, racks formed on

said cut-off valves, pinions meshing with said

racks, shafts apon which said pinions are se-

cured, cranks on said shafts, a disk secured

to the mainshaft of theengine, a cam-groove

- formed in the face of said disk, cam-rolls co-

operating with said cam-groove, and links on
which said cam-rolls are journaled, said links
being, also, connected to the cranks on the
shafts controlling the cut-off valves, whereby,
when a proper fluctuation in the cam-groove
coOoperates with the cam-rolls on the end of
the links, the cut-off valves will be moved in
the proper direction to throttle the pressure

fluid when the piston-heads are passing the

abutments, substantially as described.
7. In a reversible rotary engine, the com-
bination with a cylinder, of a piston, piston-

heads, abutments in said cylinder, a cam-
groove for causing said piston-heads to pass-

the abutments, ports arranged on each side

~of said abutments, hollow throttle-valves,
- primary cut-off valves arranged inside of said
- throttle-valves for cutting oit the pressure

35

- abutments,secondary cut-off valves for throt-
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fluid when the piston-heads are passing the

tling the pressure fluid to utilize the expan-
sive properties of the motive fluid, and means
for regulating the throw of said secondary
cut-off valves, substantially as described.

8. In a reversible rotary engine, the com-
bination with a ¢ylinder, of a piston, piston-
heads, abutments in said cylinder, a cam-
groove for causing said piston-heads to pass
the abutments, ports arranged on each side
of said abutments, hollow throttle-valves,

primary cut-off valves arranged inside the

throttle-valves for cutting off the pressure
fluid when the piston-heads are passing the
abutments,secondary cut-off valves for throt-
tling the pressure fiuid to utilize the expan-
sive properties of the motive fluid, a rack
formed on each of said secondary valves, a
pinion meshing with both of said racks, a
shaft upon which said pinion is mounted,

‘and means for regulating the throw of said

secondary valves, substantially as deseribed.

9. In arotaryengine, the combination with
a cylinder, of a piston, piston-heads, abut-
ments in said cylinder, a cam - groove for
causing the piston-heads to pass the abut-

ments, ports arranged on each side -of the

abutments, throttle-valves, primary cut-oft
valves arranged inside the throttle-valves for

cutting oft the pressure fluid when the pis- |

!

sure fluid to utilize the expansive properties

said secondary cut-off valves, a pinion mesh-
ing with both of said racks, a shaft upon
which said pinion is mounted, an eccentric
mounted on the main shaft of the engine, an
eccentric-strap provided with arms, cooper-

pivoted and arranged in juxtaposition to said
eccentric as to codperate therewith, slots
formed in one of the ends of said levers, satd
slots receiving the outer or free ends of the
arms formed on the eccentric-strap, cranks
secured to the shaft which controls the sec-

free ends of said cranks to one of the ends of
said slotted eurved levers, and means for ad-
justably moving said eccentric-strap and its
carried armson said eceentric, whereby, when
said. eccentric-strap is moved in the proper

cause the slotted pivoted levers to rock,
which, in turn, actuate the secondary cut-oft
valves, causing the same to throttle the pres-
sure fluid, substantially as deseribed. .
10. In a rotary engine,the combination with
‘a cylinder, of a piston, piston-heads, abut-
ments in said eylinder, acam-groovefor caus-
ing the piston-heads to pass the abutments,
ports arranged on each side of theabutments,

ranged inside the throttle-valves for cutting
off the pressure fluid when the piston-heads
are passing the abutments, secondary cut-oft

ntilize the expansive properties of the motive
fluid, a rack formed on each of said second-
ary cut-off valves, a pinion meshing with both

is mounted, an eccentric mounted on the

main shaft of the engine, an eccentric-strap

4 provided with arms, codperating with said ec-

I centrie, curved levers so pivoted and ar-

ranged in juxtaposition to said eccentric as

in one of the ends of said levers, said slots
receiving the outer ends of the arms formed
on the eccentric-strap, whereby said armsnor-
mally move idly in the wider spaces of the
slots, eranks secured to the shaft which con-
trols the secondary cut-off valves, links con-
necting the free ends of said cranks to one of
the ends of said slotted curved levers, and
means for adjustably moving said eccentric-
strap and its carried arms on said eccentrie,

in the proper direction, said arms will be
thrown into the narrower spaces of the slots,
.and the throw of the eccentric will engage the
arms, and cause the slotted pivoted levers to
rock, which, in turn, actuate the secondary
cut-off valves, causing the same to throttle
the pressure fluid, substantially as described.

11. In a valve mechanism, the combination

of the motive fluid, a rack formed on each of-

' ating with said eccentrie, curved levers S0,

ondary cut-off valves, links connecting the

direction, the throw of the eccentric will

‘valves for throttling the pressure fluid to

of said racks, a shaft upon which said pinion

to cooperate therewith, T-shaped slots formed

whereby, when said eccentric-strap is moved.
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- throttle-valves, primary cut-off valves ar-
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ton-heads are passing by the abutments, sec- | with a hollow throttle-valve and its ports, of '




[O

said pinions, secondary cut-off valves, a rack

‘ment of said pinion in onedirection will cause |
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primary cut-off valvesarrangedtherein,racks
formed on said cut-off valves, pinions mesh-
ing with sald racks, a shaft journaled in the
throttle-valve, and upon which are mounted

formed on said secondary valves, a pinion so
meshing with said racks that a rotary_mpve-

sald racks and their respective valves to move
in opposite directions, and a shaft which is
Journaled in said throttle-valve and upon

which said last- mentioned plmon 18 secured
substantially as.deseribed. - -
In testlmeny whereof we heleuut{) affixour.

signatures, in the presence of two W1tnesses 15

thv% 28th day of October, 13898.

JOHN W. PICKEL.
RQBERT SNYDER.

ertnesses
JOHN V IIAEFNER
"FRANK HAEFNER.
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