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2ry:
Be 1t anvn that I, TI{AN”I‘% .

S

STULLIVAN.

a8 citizen of the U*uted States, 1i‘“-idlh_ i

TI‘ELVBI::E‘ City, in the county of Grhnd 7 irav-
erse and Stete of \iu,hwa*l bme lﬂ"i”"‘i‘”id
new and useiil Immm*emenﬁ* i Hotary
Engies, of whi¢h the follow g 1S a4 spec cifies
tmn |

This invention relates to ro tﬁl’i" "1"12171-"% o1
the receding-piston type, and has for its un-
derlying principles two symmerrzmlhr- ar-
rangeds eXpansion- chambera and three dis-
1:3:., one 10T Hhe
drum and one fﬂzf ench set of pistans.

- The particular.advantage of m} invention

'iLm

1s the symmeftrical and economical use of full

20

235

boiler - pressure steam and the expansion

thereof, giving to my engine not only greater
efﬁcwncy but also a more uniform distribu-

tmn of load than is possible 1n any other form
I rotary engine known to me. This eguali-
z&twn of load causes more quiet &nd steady

action and ak & consequence pmlo:ﬁﬂ*eu meaf -

the parts. |
ner features are %Jm'z}l"*e"ftv OFf cnnst eles
tion, interchangeability of péarts, reve ,51—-_

bmty, lightness, and compactness, snd other

features mclflentm to the constmctmn here-

30

40
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§C

Kig. 2

mafter deseribed.

Although I have shown in the drawings a
valve mechanism suitable for steam control,
I do not limit myself to this form of con-
struction, as my invention can be used with
other fluids or with gas or other internal-
combustion source of energy es & m@me
power without depdrtmﬂ from the principie |
thereof.

Referring to_the dramngq Figure 1 15 a

vertical longltudmal section of my engine

earrﬂspondm»r to the offset lme .1 1 shown in
Flg, 21s a plan section wrre%pondmﬂ'
to line 2 2 of Fig. 1.
tranwerqe section correspondmfr to lme 3 3 of
Fig, 2.
some of the parts sectional, on a line corre-
sponcing with 4 4 of Fig. 3. Tig. 5is an en-
larged sectional view of a portion of the
drdm showing one of the pistons within its
sheath. Fig. § 18 8 sectional detail taken on

line 6 6 of Fl
- The outblde qhell 10 is supported within

the two side plates 11 and 12 and secured
thereto by bolts 13. Side plates 11 and 12

are each formed to:provide bearings 4 and .

Fig. 3 1s a vertical

~ Fig. 41s a partial side elevation, with

;

Tollow sleeves or hubs 16 and 17,
zaid *a]»{}{”v"{‘S bemg rotatably mounted on ste-

F} 10T the

fiopary'shaits 18 and 19 and are further pro-

snﬁéed with standards 20 and 21, each of
whlel 1s formed to supportand hold the outer
énas ot shafts 18 and 19 ngidly against rota-
ticm, as at 22 22, To the inner ends of shafts
18 and 19 are secured stiff arms 23 and 24,
vrovided at their free ends with pivot-pins 25
and 26. The inside drum 1s secured at 30 30

to sieeves 16 17 and as here shown 18 com—' |

posed of shell 31 and side walls 32 33,

mited asto prevent the passage of steam to 1ts-

imm ior~ The common axis of shafts 18 and

O and the centers of pivot-pins 25 26 are here
cﬂm w1 as lying mn the same horizontal plane,
and the former 1s spaced midway between
the two latter. Their combined positions
determine the shape of outer shell 10, which
may be described as three 111terbectmg cylin="

35

Gc

7@

dersof equaldiametersstruck fromthese three 75

AXCe8 as centers.
3118 the
ol outey

same as the common inner diameter

with shell 31 101‘111% a snug fit withm the cen-

“tral section of outer shell 10. As it is de-
‘sirable that this fit should be steam-tight, I

provide spring-pressed plates 40, recessed
in the walls of outer shell 10 and adapted to
bear against shell 31.

Within the drum and journaled at 41 41,
Hig. 5, are rotatably mounted the plqton—
sheaths 42 42, each provided with lengthwise
slots 43 43 for rece 1iving the several pistons
44 45, 48, and 47.
tat mﬂy mounted on pivot-pin 25, and pistons
45 an
pin 26 by imeans of connecting-rods 48 48,

and all are provided along their outer edges

with removable caps 49 49, vieldingly held 1in
place by springs 50 50. The outer edges of
these Gﬂ,pb 49 are beveled at 51 to fit beveled

reuesﬁes 52 in sheaths 42 for preventing these
caps 49 irom receding with their respectwe
plqtom within she&\ﬁhs 42, as 1llustr&ted 1n
Kigs. 1 and 2.

The outer diameter of shell.

PlStOIl"-S 44 and 46 are ro--

shell 10, and as the drum is mounted
on the %leequ 16 and 17 and rotates there-- -
80

90

47 are similarly mounted on pivot-

95 -

100

From the iorf colng 1t will be noticed that |

as the drum revolves plStOIlb 44 and 46, with

their parts, sweep around in contact Wlth sur- -

face 53, and likewise pistons 45 and 47 con-~
tact with surface 54 of the shell: 10, and all

are in turn withdrawn within the drum when
performing the balance- of their clrcults

In ,_
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caps 49 and the edges of their respeetive pis-*
tons, such springs being stronger than the

60

2

Fig. 1 the pistons 44 and 45 are shown in ac- !

tive and pistons 46 and 47 are shown 1n 1nac-
tive positions. o ..

The two expansion-chambers 60 and 61
are cach provided neartheir upper and lower
extremities with ports 62 63 and 64 65, re-
spectively. The functions of these ports are

interchangeable and arc controlledsby therr

adjacent valves 66, 67, 68, and 69; but as set
in the drawings 62 and 64 arc admission and
63 and 65 are ¢xhaust-ports. 70 and 71 arc
steam-control valves for regulating the cut-
off in chambecrs 60 and 61 and are automatic-
ally opcrated by cam-groove 72, mounted on
fly-wheel 73, through the agency of hnkage
74 and cross-hcad 75, in such a manner that
cut-off in chambcr 60 is timed to coincide
with admission in chamber 61, and vice
versa. This particular timing of the valve
operation can of course be varied as may .be
desired to suit the differing needs; but for
conciseness this description adheres closely
to the form shown in the drawings, and this
particular form is shown because it 1s the one
deemed best. .' o

The reversing mechanism for changing the
direction of rotation i1s beost shown in Hig. 4
and consists of the pinions 80 80, rigidly

mounted on the projceting ends of valves 686,

67, 68, and 69, cach pair heing conneccted by
an idler-gear 81, rotatably mounted on stud
82, said idler bcing rnigidly connected to
sprocket-wheel 83." On the hub of one of the
idler-gears 81 is rigidly mounted the hand-

lever 84, and sprocket-chain 85 communi- !

cates the motion of lever 84 to the oppostte

idler 81. 86 is an idle sprockrt-whect,which

serves to guide chain 85 around theimmterven-
ing parts. By inspecting .Figs. 1 and 4 1t
will be scen that an upward motion of lever
84 will reverse the positions of valves 66 ana

- 69, as well as 67 and 68.

87 87 are steam-inlets, which admit steam
to steam-chests 88 88, and 89 89 are ex-

‘haust-outlets.

I consider it advisable to provide elastic
means for maintaining a close fit betwden
surfaces 53 and 54 and the ends of the vari-
ous pistons 44 45 46 47. For this purpose i
interpose a serics of flat springs 90 between

coiled springs 50 before mentioned. (See
Figs. 5 and 6.) In action these springs 90
limit the action of springs 50 when-the piston
is away from the cylinder-wall and prevent
the caps 49 from seating on the edge ol the
piston; but when in contact with the eylin-
der-wall the pressure is suflicient to over-
come the stifiness of springs 90 and cause
them to vield and permit closer seating of
caps 40 against the piston edge, at the same

‘time insuring a closer joint with the cylinder-

walls.
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Referring to the drawings in general, 91 is

a pulley-wheel, and it and fly-wheel 73 are

koved to their respective sleeves 16 and 17.
32 92 are stuffing-boxes for mamiaining

o5 .

steam-tight joints around the spindles of -

valves 70 and 71. o

03 93 arc cross-head guidces secured to side
plate 12 for receiving cross-heads 75.

04 94 are oponings in shell 31 of the drum
for permitting the nec:ssary play of the pis-
tons. - | | o

05 95 are facings of steam-resisting mate-
rial, such as copper, in which springs may be
sct to receive and absorb the shock of stop-
ping the caps 49 when each piston 1s drawn
inward. o : o

96 96 are metal rings surrounding the ends

of the drumto make a steam-tight joint with

] ' ’ -
the outsr shell.  These rings may be expan-
siblr, as is customary with packing-rings.

Minor features-—as drip-cocks, packing,
covernor, &c.—have been omitted in the

73
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drawings, as such are not cssential to a proper -

understanding of my invention.

The operation of my engine is as follows:

The exhaust-valves are always open. . Refer-
ring to Kig. 1, it will be noticed that piston 44

13 midway in its passage through chamber 60,
and piston 45 is ready for admission of steatu

to chamber 61: Valve 701is closed, and valve
71 1s open. By this it will be understood

that piston 44 is at cut-off and 45 at admis-,

sion, the direction of rotation being indicated
by the arrow. Valves 70 and 71 maintain
their positions for about one-fourth of arevo-
lution and then change, causing cut-off for
piston 45 and admission for piston 46.
Thus- hoiler-pressure steam is admitied to
each chamber 80 and 61 twice in everyrevo-

lution of the drum, changing at each quarter

(approximately) from one. chamber to the

‘other, sc that live steam is continually acting

upon the drum upon one side or the other,
and, nevertheless, each. charge of live steam
is expanded before being exhausted. By
suitably arranging the valve miechanism the
cut-off can be made to occur earlier or later in

will be observed. that each rotating part is
symmetrically balanced and that although
each piston-blade 44 45, &e., successively

9o

95

IQC

IOSJI

i1C

stroke, ds desired, in the crdinary way. 1t

115

projects from and is withdrawnto the interior

of the inner drum, while rotating at a high
speed, nevertheless this motion does not re-

I sult in throwing either drum or pistons out of

balance, because each pair of pistons is sup-

ported independently of the drum. and ro-

tates about its own stutionary and independ:-
ent center. It will be observed also that by
reason of the arrangement of each set of pis-
ton-blades concentrically with one portion of
the outer shell the adjustment of said blades
with respect thereto can be accurately ar-
rangzed and when arranged will remain subr

125



 stantially constant with & minimum of wear. |

881,%54

~In these respects the invention differs from

those types of engines in which a blade is

forced out by a cam from a central rotating
body to an outer shell surrounding it. The.
‘motion about the fixed pivot is smoother,

.. steadier, and has less friction than motion

| 10

15

controlled by a cam, and the pressure of the

piston' edge against the outer shell may be
regulated delicately by the springs of the pis-

ton-cap. Also the momentum of the blade
when the blade is thrown by a cam against |
~the outer shell is eliminated as an element in’
- the wear and tear of the engine here de-

scribed, all such being borne independently

- of both outer and inner shells by the fixed

| ~ which they revolve.

20

pivot. which supports the pistons and around
The pistons can be ar-
ranged at any desired angle to each other.

As here shown, piston 45 does not come into

~action until piston 44 has completed a con-
~ siderable portion of its stroke ; but, if desired,

: the

30

- -drum, thus giving ¢reater balance to the ro-
- -tary foree.

35

1ston 44 might be. set farther back to-
ward piston 47 on the circumference of the
drum 31 and piston 46 set correspondingly
back toward piston 45, the positions of pistons

.45 and 47 remalning unchanged, with the re-

sult that steam would be then admitted to pis-
ton 45 almost as soon as to piston 44, and the
two would then be receiving live-steam pres-
sure at the same tine on opposite sides of the
Other angular arrancement of
the pistons may be made or other variations
of details without departing from the prinei-

. plé of the invention.

-ing therewith expansion -chambers on op
‘site sides thereof; a set of piston-biades for
-each sald chamber pivoted within the drum

1. A rotary engine, comprising a rotary

drum; a stationary outer shell having cylin-

drical walls intersecting the drum and form-

at the -axis of the outer cylindrical wall of

such chamber and arranged to project
through the drum and sweep the said wall,

A -

~ there being admission and exhaust ports for

each chamber. .
2. A votary engine, comprising a rotary
drum; a stationary outer shell having cylin-

- drical walls intersecting the drum and form-
- ing therewith expansion-chambers on oppo-

58

site sides thereof; 2 set of piston-blades for
each said chamber pivoted within the drum

at the axis of the outer cylindriéal wall of
such chamber and arranged to project.

through the drum and sweep the said wall,
there being adrnissien and exhaust ports for
each chamber, arranged at converse. ends
near the intersection of said walls with the
dywm; and a packing set in the outer shell

cent ¥alves of opposite chambers.

“benning against ‘the drum between the adja-

"3. A rotary engine, comprising a rotary |

-drical walls intersecting the drum and

po-

drum, a stationary outer shell .ha,viﬁg "éylin-

8 .

65

drical walls intersecting the drum and form--
ing therewith expansion-chambers on oppo-:

site sides thereof; a set of piston-blades for
cach said chamber pivoted within the drum
at the axis of the outer cylindrical wall of.

such chamber and arranged 4o project

through the drum and sweep said wall; there

being admission and exhaust ports for each

chamber ; and sheaths for the pistonsproject~

1ng-within the drum. . . .
4. A rotary engine, comprising a rotary

ing therewith expansion-chambers on oppo-
site sides thereof; a set of piston-blades for
each said chamber pivoted within the drum

‘at_the axis of the outer cylindrical wall of

such chamber and arranged to " project
through the drum and sweep said wall; there
being admission and exhaust ports for each
chamber; and sheaths for the pistons project-

ing within the drum, and journaled at the sur-

face thereof., L |
5. A rotary engine, comprising a rotary
drum, a stationary outer shell having cylin-

ing therewith expansion-chambers on oppo-
site sides thereof; a set of piston-blades for

| each said chamber pivoted within the drum
95
ect
through the drum and sweep said wall; there.

at the axis of the outer ¢ylindrical wall of
such chamber and arranged to pro;

form-

70

{5

| drum, a stationary outer shell having eylin-
:drical walls intersecting the drum and form--

8¢

go

being admission and exhaust ports for each -

- chamber; and caps carried by the pistons and

arranged to close the openings left when the
pistons arve drawn within the drum. .

6. A rotary engine, comprising a rotary
drum, a stationary outer shell having evlin-
drical walls intersecting the drum and form-

ing ‘therewith expansion-chambers on oppo-

such chamberand arranged to pr{){ect through

‘the drum and sweep the said wall; there be-

ing admission and exhaust ports for each
chamber, said pistons having separable outer

portions elastically connected to the piston~

shank and adapted to remain at the drum-

suriace when the shank is drawn inward. .
7. A rotary engine, comprising 8 Tolary

drumn, a stationary outer shell having eylin-

IT

10

[O5
-site sides thereof; a set of piston-blades for -
each said chamber pivoted. within the drum

at the axis of the outer cylindrical wall of

1%

drical walls intersecting the drum and form-

ing therewith expansion-chambers -on oppo-
site sides. thereof; a set of piston-blades for

120

each said chamber pivoted within the drum -

at the axis of -the outer cylindrical wall of

“such chamber and arranged to project through

the drum and sweep said wall, there being
admission and exhaust ports for each cham-

ber; valve mechanism; and means to operate -

the valve mechanism by rotation of the drum.
‘8. A rotary engine, comprising a rotafy

0 :

o
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ing therewith expansion-chambers on oppo-

site sides thereof; a set of piston-blades for |

each said chamber pivoted within the drum
at the axis of the outer cylindrical walt of

such chamberand arranged to project threugh

YO

. 20

‘the drum and sweep said wall, there peing

admission and exhaust ports for eacn cham-
ber, there being a port at.each end of each
chamber, and a three-way valve therein; 2
passage from each port-valve to the exhaust;

Y s

“drum, a stationary outer shell having cviin- |
o t D " . B
drical walis intersecting the drum and form- |

an admission-valve to control the fiuid-sup-.
ply; and gearing joining said pori-valves,

thereby to adjust the valves for rotation of

the engine in opposite directions. |

8. A rotary engine, comprising & rotary
drum, & stationary outer shell having cylin-
drical walls infersecting the drum and torm-
ing therswith expansicn-chambers on oppo-
site sides thereof; there being admission and

_exhaust ports for each chamber; hubs on the

25

30

35
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drum; stationary axles projecting from each
side through the hubs to interior of the drum,
there being a cledrance between the inner
ends of said axles; a pivot supported by each

axle within the druin, and offset to the axis

“of one of the outer cylindrical walls; & set of

piston-blades pivoted on each pivot and ar-

ranged to project through the drum and

sweep sald outer wall, the shanks of said pis-
tons completing their revolutions by passing

‘through the clearance between said two axles.
. 10. In arotary engine, a rotary drum;two
fixed pivots within the drum, each being ec-
centric to the drum and concentric with one
. portion of- the exterior shell of the engine;
-“snid shell, forming expansion-chambers on
- two sides of the
o there being admission and exhaust ports for
“each ﬂh&,m%er; pistons pivoted on said pivots

(fmm, one tor each pivot;

~and passing through the druminto said cham-
~ bers: hube for journaling the drum, and a
- driving-
RS
- fixed pivots within the drum, each being ec-

g wheel on ons hub cuiside the sheld,
Tn a2 rotary engine, 2 rotary drum, ¥wo

- gentric to the drum and concentric with one
- . F- ] | - - 1 -
“portion of the exterior shell of tne cngine;

_- 5’0

said shell, formin _
two sides of the drum, one for each pivot;

expansion-chambers on

there being admission and exhaust ports for
each chamber; pistons pivoted on said pivots
and passing through the druminto said cham-

g
i

- 34
5 4
¥
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-
|

bers; hubs for journaling the drum; and fixed
supports for said pivots entering the drum
through said hubs. o

- 12. In arobary en me, a rotary drum; two
fixed pivots within the drum, each being ec-
! centric thereto and concentric with ons por-

tion of the exterior shell of the engine; said

sheil forming expansion-chambers on two

sides of the drum, one for each pivot; there

being admission and exhaust ports for each

chamber; a pair of pistons pivoted on one of
said pivots and arranged to pass through dia-
metrically opposite points of the drum nto
their chamber;-a like pair of pistons for the
other pivet and chamber, piercing the drum

| at points approximately quartering with the

first pistons; and valve mechanism for the
admission-ports. | '

13. The combination, in a rotary engine,
of a Totary drum; a piston pivoted at a

ing the drum forming therewith an expan-
sion-chamber outside the drum; there being

biston into the chamber; a sheath set in the
slot and inclosing the piston, sald sheath be-
ing journaled on the drum. o

14. The combination, in a rotary engine,

of & rotary drum; & piston pivoted at a fixed
point therein, eccentric thereto; an outer.

shell forming therewith an expansion-cham-
ber outside the drum; there being a siot

through the drum for the passage of the pis-
ton into the chamber; and a cap arranged 1o

ed
‘point therein, eccentric thereto; an outer
shell concentric with the piston and intersect-

L
{1

H¢

70

& slot through the dram for the passage of the °

3¢

close the slot when the piston is withwn the

drum. | -
15. The combination, in & Totary engine,

9©

of & votary drum, two pistens pivoted at 8

fixed point therein eccentric thereto; an outer

shell concentric with the pistons and forming
an  expansion - chamber covering appProXi-

95

mately half the circumference of the drum;

there being siots through the drum set ap-

-proximately half a circumference apars for

passage of the pistons into the chamber; and

there being ports at sach end of the chamber.

00

in testimony whereof I aflix my signature .

presence of two subscribing witnesses.

FRANCIS S. SULLIVAN.

in
Witnesses: ’

H. O, Davis, |

Ciarr 0. ERICKSON.
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