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WILLTAM F. DAUL,, OF PHILADELPHIA PENN SYLVANIA

ENGINI‘

Apphcatmn ﬁled January 16, 1922. Serial No ‘§29;4186. -

My invention relates to improvements in
engines of the rotary, expansion ‘type,- and
has for its object the provision of an engine
having certain novel and improved features
of construction hereinafter fully set forth
and illustrated in<the (Ltt‘lchbd dr awmgs m
which

Figure 1, is a 10110‘1tud1n(11 sectional v1ew
on the line 1—1, Fig. 8 of a bi-unit engine
made in accordance with my invention;

Fig. 2, is a transverse section through one
of the units on the line 2~2 Fig 1,

‘Fig, 8, 1s a transverg o section on the line
3—3, Fig. 1, showing in side elevation one
of the powel units and illustr ating the-valve
gear mechanism;

FIO 4, is'a secﬂonal view .on the line 4—4,
Fig. 2, of a head chest of the machine 111LS—
trating the details of the reversing throttle
and steam cut-off valves;.

Fig. 5, 1s a liorizontal section on the lme
5—5, I‘lo 1, illustrating the detallc of the
1eversma mechfmlsm, o

TFig. 6 is a ‘transverse section on the line

5. 6—6, }iw 1, showing in elevation the oppo-

site side of Lhe power’ unit 1llustrated in
‘Fig. 33

I*b 7, 8 and 9, are, Ie%pectwe}y, rear,
front and end views of one of the steam
heads illustrating- dbtdl ls” of constructlon
thereof, and

Fig. 10, is an end view of one of the rotor
pistons 111Ustmt1no‘ the method of apphca—
tion of the wearing plate.

With reference to the drawings, my ma-
chine comprises & bed-plate 1, upon which
“the engine is mounted, said engme compris-
ing further a casing 2 constituting a hous-
ing for:a rotor 4. As cles arly 11111st1ated the
rotor 4 it of such dimension' and. is so
mounted in the casing as to’ provide an
annular ‘space or chamber 2 around the
penpl-el v of the rotor for the: apphcatmn Of

steam, said rotor belng pxov1ded with pis-
tons 5 and 40 projecting from the periphery,
which pistons travel and operate in the saad
annular chamber.

As best shown in T]d 1, the' casing 2, -the
head 8, and the rotor are o formed as to
provide for the insertion of ring, -steam
packing 6, one at each side of the rotor, said
]mchl‘ws b"xno* fastened in rings 7 attached
respectively to the “casing and the ‘casing
head and sliding in 1ings 8 attached to the
rotor. (‘oncentl ic grooves 9, 9; are also.pro-
vided -in the ODDOle(‘ faces of the rotor to

forma condensate seal between the rotor and

the casing,

As best shewn in Fig: 1, the roﬁors 4 are

mounted upon: a shaft 10 to- which: they are
secured by keys 11, the shaft 10 being sup-
ported by pedesbal bearings ‘12, 12; and 1n

the: casing 2 and the removable head 3 of .

each power umt

At the top of  the: casing 2 is-a head chest
13- which is formed: in the interior with a
pair of passages 13° which éxtend inwardly
from the upper end of said head and: which
communicate with recesses -or chambers 13
in the lower portion of the chest and which
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are LGSPQCLIVGJ.y adapted to receive ponblons '
of a pair of pivotally mounted and swinging -

abutments 14, 14, the construction of which
is-clearly illustrated in Figs. 7,8 and %
abutments 14 ave carried by shafts 149,
14%, which are mounted in the top of the cas-
ing 2, and between the said: casing and the

The -

(LR

chiest 1 13, said abutments being prov1ded with -

a solid main portion 14" and a rearward:-ex-
tension 14¢, which extensions are adapted to-
oecuppy the respective chambers 18" of the
head chest and which are provided at each
side with a- step pin or lug 60 adapted to
move in arcuate slots 13° formed in: the sides
of the respective chambers 18", said slots and
stops 60 limiting the travel in both dizec-
tions of the abutments 14, as well as. mkmg
the total working load:

As best shown.n Fig: 2, pr0v1s1on is.made
in the upper part of the casing 2. for the
reception of the main portions 14 of the
abutment$ 14, and: as shown the sides of the
portion 14° are formed on the arc of a:circle
corresponding in “diameter to the outside
diameter of the annular- steam: space 2

-within the casing, so ‘that when the abut-

ment is:swung up into. inoperative position,
the lower face thereof conforms accurately
with that surface of the casing forming the
outer wall of the said chamber 2&.. ,
It will further be noted by reference to
Fig. 2, that the abutments. 14 are adapted: to
swing downwaz dlyinto a pesition in: which

“the main portion 14" extends across “and

effectually blocks the chamber 2% and ‘the

80
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abutinents are provided with an aperture 14¢ -

which extends through the rearward exten-
sion 14¢ in-such manner asto; provide a clear -

passage from ‘the chambers 13" inte the
chamber 2 of the casing.

As clearly illustrated in Figs. 7, 8 and "9,
the abutments 14 are provided with packmcr




or seal plates 56 and 59 respectively jn the

outer face and the side faces of the portion”

14®,'the plate 56 providing for a seal between
the periphery ofp the rotor and the adjacent
face of the abutment, and the plates 59, 59,
forming -a seal between the sides of the
abutment and the sides of the casing.
Mounted ‘at the top of the head chest 13 is
a valve chest: 15 having a cover 16, said cover
having therein an aperture 26 -through
which steam is admitted to the interior of

. the valve chest, as will be described hexun-
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after.

“In the top of the valve chest 15 is.a cham-
ber -15* from the base of which extend pas-
sages 15" and 15° communicating respectively
Wlth the channels 13% 132 of the head chest.
13. Within . the chamber 152 -1 shdably
mounted 4. reversing valve 18, which 1s
adapted in different positions to cover either
one or. both of the passages 15 and 15, said
valve bieing operated in & manner hereinafter
described. to- open ‘one or other and close
either one or both of tlie said passages. A
spring-18*is provided on the top of the valve
18, which.spring is adapted to bear against

the inner face of the cover 16 to retain the

valve firmly to the floor of the chamber 15

Mounted in suitable: chambers or recesses
in the valve chest 15 below the chamber 15*
are a pair of cut-off valves 17, 17, said valves

~being  adapted to contml 1ebpeat1vely the

opening - and clobmg of
and 15

As best shown in: Flg 4, the valves 17 and
the chambers which they occupy “are sub-
stantially. conical: in-shape, the vilves being
provided with throrgh passages 17+ which,
as ‘the valves are: turned, are alternately

the passages 15°

“brought into and out of registration with the

passages. 'which the valves :control, thereby

-opening-and closing the passages.

~As best shown in Fig. 4, the valves 17
have at their smaller ends a projection which
abuts a ball thrust bearing 42, which latter
can be adjusted.by means of a set screw 43,
and locked in position by means of a nut 44,
the large ends of the valves having groov c']

-ball end thrust bearings 45 backed by steam

packing. 46 compxes%lb]e by ‘means of a
screw-tight gland 47 and a metal friction
washer 48. :

Each of the

valves 17 has extending

- through the gland 47 a stem 17, the stem of

‘one valve extending at one side and the stewn
of the other valve at the opposite side of the
engine, and each of said stems having keyed
thereto a lever arm 27 which is connected by
means of ‘a link 28 with a bell crank lever
29 mounted upon a shaft or spindle 30 car-
ried by the head chest 13, the free end of the
bellerank lever 29 having mounted therein a
cam roller 31 which rides upon one cf the

_cam faces 64 of a cam wheel 19 mounted up-

on and fixed to the shaft 10, the cam surface

1,875,129

64 being such that the valves are oscillated to

open and cut off the respective passages 15°
and 15¢ at the proper pomts in the revolution
of the rotor.

The cam wheels 19, 19, are also employed
to operate the swinging abutments.14. The
shafts 14 upon which these abutments are
mounted extend through the casing 2, and
éach has fixed thereto and at opposite sides
of the casing an arm or lever 41 which car-
ries a cam roller 41¢ adapted respectively to
engage the cam surfaces 65 of tﬁeir respec-
tive cam wheels 19, these cam surfacesas the
wheels revolve altemat-ely_elevating the abut-
ment. to permit the passage thereby of the
pistons 5 and 40 of the rotor, and thereafter
allowing the abutment to move downwardly
to the operatlve position closing the cham-
ber 2%, The lower ends of the levers 41 are
adapted when the abutments are moved
downwardly into operative position to en-
gage a spring-engaged plunger 63, which is
mounted in a suitable casing 63* on the sides
of the casing, this plunger taking up .the
shock of the impact as the abutment reaches
the end of its downward travel.

. Mounted in the head chest 13 and extend-

ing therethrough is a shaft 24, which shaft .

has fixed thereto, one at each side of the cas-
ing 2, an arm 25, which are adapted to en-
gage respectlvely the levers 41, 41.. As will
be: clearly seen from reference to Figs. 3 to
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6, these arms 24 are adapted, when the shaft

is rotated, to elevate one or other of the said
arms 41, depending on the direction of rota-
tion of the said shaft, this having the effect

of elevating into an inoperative position one

or other of the abutments 14. * The shaft 24
has thereon a worm wheel 23, and a lateral
shaft 21 1s provided mounted in the present
instance on cross beams 22, 22, extending
between the casings 2 of two power umts,

100
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which shaft carr 1es a worm 20 meshing with

the worm wheel 23 and having at one “end a
hand wheel 21 for manually rotating- the
shaft. By means of this arrangement, one
or other of the ‘said abutments 14 can be

110

rendered inoperative, depending on the di-

rection of rotation desired for the rotor.

It will be noted that each of the chambers
18 in the head chest 13 .is provided with a
relief valve 62, which relief valve is ordina-
rily  closed, but which, when the respective
heads are raised into an inoperative position,
are adapted to be engaged and.opened by
the respective associated levers 41.

The casing 2 1s provided at each side with
an exhaust port 33 and 34 respectively, said
ports being controlled by rotary valves 35
and: 36 reqpectlvely, suitably mounted in the
casing 2, said valves each having a stem ex-
tendlng through the casing, which stems
have secured thereto at the outside of the
casing a lever arm 35* and 36* respectively.
An arm 66 is fixed to the shaft 24 and has

115
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attached at each end thereof a connecting
rod 66, which respectively are attached to
the arms 35% and 36° of the exhaust valves
35 and 36. The arrangement is such that as
the shatt 24 is eoscillated to bring one of the
abutments 14 into- action ‘and render the
other inoperative, the valves of the exhaust
ports are simultaneously operated to close
one exhaust and to open the other. - '

The valve 18 has attached thereto a rod
49: which extends through the side of the
valve chest 15 and whichis connected by
means of ‘& lnk 50 te- an arm 51 upon a
spindle 52, which spindle is-mounted: in suit-
able bearings in a bracket 53 seeured to the
side. of the head chest 13 The spindle 52
has ‘fixed thereto an ‘operating lever 837,
which lever has a . spring-actuated pawl
adapted to engage a toothed segment 55 to
retain’ the lever in-any one of three desired
positions. By means of the lever 37, thie

spindle 52 may be oscillated to- shift the -

“valve 18 to any desired position, the detent

30
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54 and the slotted segment 55 being adapted
to hold the lever 37 in three. different posi-
tions in which the: passages 15 and 15° are
both closed, or one -¢losed and the other
opened, as previously explained:
- -As best shown in Fig. 10; the rotary pis-
tons 5 and 40 are provided with seal plates
69 and 69* extending respectively from the
outer end of the pistens and from: the side
faces, said seal plates functioning ‘to seal
the joints. between the outer end and the
sides-of the: piston and- the casing. o

The operation of the deviee is as follows:
Steam is admitted to the valve chest through
the opening 26 and is directed by means of
the: valve 18 to: one-or other of the cut-off
valves 17, and thence through the passage
13* and the chamber 13, and ‘through the
opening 14% of the swinging abutment. 14
into the annular chamber 2%  Power is thus
applied to the rotor piston 5. When: the
rotor has advanced through a given part.of

its revolution, the roller 31 on the bell crank -

lever 29 passes off the elevation on the cam

surface 64, thereby closing the cut-off' valve

17 and allowing expansion of the steam to
continue ‘the power stroke unmtil the retor
piston. reaches the port 33, which: remains
to  the ~condenser.  Exhaust of the
steam through this port and where a con-
denser is employed condensation of  the

steam creates vacuum assisting in the power -

stroke. As previously = stated; while the
valve 35 remains open, the valve 86 remains
closed. ‘

As the piston 40 approaches the abutment
14, the cam surface 65 acting:upon the roller
412 of the lever 41 acts to-elevate the abut-
ment into- inoperative position and te retain
it thus during the time that the pistons 40

‘and: 5 are passing the abutment positien,
‘after which the abutment is.again permitted

3

to dnop te the ‘operative position, steam
again admitted to the chamber 2° amd. the
¢ycle vepeated. - '

- En-the present instance; the reversing'mech-
anism:is operated through the hand wheel
21# by means-of which the shaft 21 is rotated
to oscillate threugh the: worm 20 and the
worm wheel 28; the shaft 24, which latter

shaft operates the comtrol lever 25 to-raise

one ot -other of the heads 14 and: to hold it
securely im the imoperative: position: through
the levers 41, the latter levers effecting the
opening of the: relief valve 62. Simnltane-

~ously with. the: raising of ene of the abut-

ments, the other abutment by reason of the

oscillation: of’ the shaft 24, 1s brought into -

aperation, after which the lever 37 is shifted

75
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to move the valve 18 to a position closing

one:-of the steam. passages 15" or 15° and
opening: the: other:. ' o

of the rotor4:-is shifted frem that indicated
by tlie arrow in. Fig-2 to the opposite. = In

. : - 86
Supposing: that the direction.-of rotation.

this instance, the shaft 24-is rotated to raise -

the abutment 14 and to:lower the abutment
39, this escillation: of the: shaft 24 resulting

the closing' of -the exhaust 33. Thereafter
thie valve 18 is shifted  to. the epposite posi-
tion, in which the passage 15° is closed and
the passage 15* is:opened to admit: steam:to
the chamber' 23, the: steam: acting against the
fiace of the pisten:40. . ,

It will be noted that the faces 61 of the
swingine abutments: 14 and: 39- are shaped
to -accord: with the contour: of the faces of

the pistons: 5-and 40, as. best. shown in Fig. 2,

whereby in case the rotor is moved by -exc
ternal means: in a direction the reverse of
that for which the eontrols are set,the.sheck
of the- engagement between the pistons and
the abutments is brought to bear om the
swinging abutment shaft 142, thus-eliminat-

ing: possible-damage to the abutments:them-

selves;. o : .
As: fllustrated in Fig: 1, the: machine in
the: present instance is* shown to comprise
two power units, each comprising a casing
9.a rvotor-4 and a cam wheel at each side
-of the casing to operate the: various valves
-and'abutments. . The units are identical, and
it will: be understood that where in. the. de-
seription one alone is. described, the descrip-
tion. applies equally: to- the: other.

extends: through both' the units and- there-
between, this being also true of the shaft 52
which 1is . operatively associated, as hereto-

forve described, with the slide valves 18; this

Tatter shaft and’ its-connections: with the
valyes of the two units being best shown in
Fig. 5.« = ' '

It will be
thits in any one machine may be: varied:to
auit the: conditions; and that the numiber of

Ag clearly shown in Fig: 1, the shaft 4.

90

‘also in- the opening.of the exhanst 34 and -
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understood that the number of
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units- may range from one to any required
number. ‘ ‘ o

It will also be understood that although
the units are shown in the present instance
reversible, they may be formed without the
reversiblé feature, in which case one of the
swinging abutments and its associated valves
and exhaust port may be eliminated.

The construction and the distribution of
thevarious essential elements of the machine
as herein described will result in a consider-

able economy in operation. and in manufac-.

ture, and a substantial simplification over
other forms of. engines of this type.
I claim:

1. In a rotary engine of the type specified,
the combination of a rotor, a casing forming
an annular chumber at the periphery of the
rotor and having separate recesses therein
communicating with the chamber, abutments
pivotally mounted.in the respective recesses

and adapted to oscillate into and out of the

said chamber, projections on the rotor con:
stituting -pistons adapted to operate in said
chamber to actuate the rotor in opposite
directions; levers connected with the respec-
tive abutments for oscillating them, cams
rotatable with the:rotor and adapted to en-
gage the respective levers .to ogcillate the
abutments in timed relation with the rota-
tion of the rotor, a rock shaft, and arms
carried by the rock shaft and adapted to
engage the respective levers to move them
and -the corresponding abutments . respec-

5. tively out of - operative positions when the

rock shaft is turned in one direction or the
other and manually operable means for turn-
ing said rock shaft.. R

2. In a rotary engine of the type specified,
the combination of ‘a-rotor. a casing form-
ing an annular chamber - at' the periphery
of the rotor and ‘having separite  recesses
therein communicating with ‘the chamber,
abutments pivetally mounted in the respec-
tive. recesses and adapted to oscillate into
and out of the said chamber, projections on
the ‘rotor constituting pistons adapted - to
operate in-said chamber to actuate the rotor
in opposite directions, levers connected with
the  respective: abutments for oscillating
them and located .at opposite sides:of the
rotor, cams: rotatable: with the rotor ‘and
adapted. to engage-the respective levers to
oscillate the abutments in timed  relation
with the rotation of the roter, a.rock shaft
parallel with the axis of the rotor, and arms
carried by the rock shaft at opposite sides
of the rotor and adapted to engage the
respective levers to move them and the cor-
résponding - abutments respectively out of
operative positions when the rock shaft is
turned in one:direction or the other. and

-manually operable means for turning said
‘rock shaft.

3. In a rotary engine of the type specified,

1,675,129

the combination of ‘a rotor, a casing form-
ing an annular chamber at the periphery
of the rotor and having separate recesses
therein . communicating  with the chamber,
abutments pivotally mounted in the respec-
tive recesses and adapted to oscillate into
and out of the said chamber, projections on
the. rotor 'constituting pistons -adapted to

‘operate in said chamber to actuate the rotor

in opposite directions, levers connected with
the respective abutments for  oscillating
them, cams rotatable with the rotor ’ana’
dadapted to engage, the respective levers to
oscillate. the abutments in timed  relation
with the rotation of the rotor. a rock shaft,
arms carriecd by the rock shaft and adapted
to engage the respective levers to move them
and  the corresponding abutments respec-
tively out of operative positions when the
rock shaft is turned in one direction or the
other, a. worm wheel ‘carried by the rock
shaft, a worm meshing with the worm wheel,
and manually operable means for rotating
the worm. S :

4. In a rotary engine of the type specified,
the combination of a rotor, a casing forming
an annular chamber at the periphery of the
rotor and having separate recesses therein
communicating with the chamber, abutments
pivotally mounted in the respective recesses
and adapted to oscillate into and out of the
said chamber, projections on' the rotor con-
stituting pistons adapted to operate in said
chamber to actuate the rotor in opposite di-
rections, levers connected with the respective
abutments for oscillating them, cams rotat-
able with the rotor and adapted to engage
the respective levers to oscillate the abut-
ments 1 timed relation with the rotation
of the rotor, means including a rock shaft
for moving the levers and the corresponding
abutments respectively out of operative po-
sition$ when the rock shaft is turned in one
direction or the- other, two separate exhaust
valves communicating with the chamber, and

‘means operated. by  the. rock shaft: for re-

spectively opening and closing the exhaust
valves in accordance with the movements of
the abutments by the rock shaft.

5.-In a rotary engine of the type specified,
the combination of a rotor, a casing forming
an annular chamber at the periphery of the
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rotor and having separate recesses therein -

communicating with the chamber, abutments
pivotally mounted in the respective recesses
and adapted to oscillate into and out of the
said. chamber, projections on the rotor con-
stituting pistons adapted to operate in said
chamber to actuate the rotor in opposite di-
rections, levers connected with the respec-
tive abutments for oscillating them, cams ro-
tatable with the rotor and adapted to engage
the respective levers ‘to .oscillate the abut-
ments in timed relation with the rotation of
the rotor, a rock shaft, arms carried by the
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rock shaft and adapted to engage the re-
spective levers to move them and the corre-
sponding abutments respectively out of op-
erative positions when the rock shaft 1s
turned in one direction or the other, two sep-
arate exhaust valves communicating with the
chamber, means operated by the rock shaft
for respectively opening and closing the ex-
haust valves in accordance with the move-
ments of the abutments by the rock shaft,
a worm wheel carried by the rock shaft, a
worm meshing with the worm wheel, and
manually operable means for rotating the
worm.

6. In a rotary engine of the type specified,
the combination of a rotor, a casing forming
an annular chamber at the periphery of the
rotor and having separate recesses therein
communicating with the chamber and having
steam passages connected with the recesses,
abutments pivotally mounted in the respec-
tive recesses and adapted to oscillate into
and out of the said chamber, projections on
the rotor constituting pistons adapted to op-
erate in said chamber to actuate the rotor
in opposite directions, levers connected with
the respective abutments for oscillating them,
cams rotatable with the rotor and adapted
to engage the respective levers to oscillate the
abutments in timed relation with the rota-
tion of the rotor, cut-off valves in the respec-
tive steam passages, operating levers for the
said valves, cams rotatable with:the rotor and

S

additional to the aforesaid cams for operat-
ing the last said levers, and means for mov-
ing the first said levers and the correspond-
ing abutments respectively out of operative
positions. '

7. In a rotary engine of the type specified,
the combination of a rotor, a casing forming
an annular chamber at the periphery of the
rotor and having separate recesses therein
communicating with the chamber and having

-stedm passages connected with the recesses,

abutments pivotally mounted in the respec-
tive recesses and adapted to oscillate into
and out of the said chamber, projections on
the rotor constituting pistons adapted to op-
erate in said chamber to actuate the rotor in
opposite directions, levers connected with the
respective abutments for' oscillating them,
cams rotatable with the rotor and adapted to
engage the respective levers to oscillate the
abutments in timed relation with the rota-
tion of the rotor, cut-off valves in the re-
spective steam passages, operating levers for
the said valves, cams rotatable with the rotor
and additional to the aforesaid cams for op-

erating the said levers, two separate exhaust

valves communicating with the chamber, and
means operated by the rock shaft for respec-
tively opening and closing the exhaust valves
in- accordance with the movements of the
abutments by the rock shaft.. . S

WILLIAM F. PAUL.
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