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HANNAY STAAF, ADMINISTRATRIX OF SAID WERNER L. -

'STAAT, SR., DECEASED

ROTARY INTERNAT COMBUSTION ENGINE

Application filed March 20, 1929. Serial No. 348.460.

My invention refers to improvements in ro-
tary engines of the internal combustion type

and onemtmo on the six-cycle principle. It

has in view to prm?’lde a construction whereby
5 the eilicient force or power of an etploswe
mixture may be utilized for direct transmis-
sion of power to a main shaft. without the
use of intervening connecting rods, but with
relative reczlprocatmn of phmﬂ*ers and cylin-

10 ders. -

The invention comprises a main rotatable
trame keyed to or otherwise secured to the
main power imparting shaft having one or
a series of annularly arranged curmlmear

15 cylinders, together with one or more recipro-
cating co- operatmcr plunger heads or pistons,
and means controlling their movement. The
movement of the plunp‘er heads is alternate-
Iy retarded and accelerated relative to the

20 uniform movement of the cylinders, both
plungers and cylinders moving around the
shaft center with such variable relative
speeds and with complete compensation for
the alternating differentials, throughout each

25 complete cycle of operation.

The cylinders are made as fixed portions
of the main rotatable frame and impart to
it annular movement at each explosion for
transmission of power to the connected shaft,

30 while the plunger heads and their holdmo'

frame are freely rotatable around the shaﬁ;

with their resisting mechanism, and at re-
duced speed, and act as receding abutments
acainst which the expanding gases act. The

35 phmO'ers are also altermately caused to re-

verse their movements after each explosion

with accelerated movement, to expel the waste
onses, then at reduced s*r)eed to effect suction

of scavenging air, then at increased speed to

40 expel such air and remaining products of
combustion, then at reduced speed to effect
suction of the new charge of explosive mix-
ture, then at increased speed to effect com-
pression, when the mixture i1s ignited with

45 resulting explosion and propulsmn of the
cvlmder ﬂnd head, completing the cycle.

The engine 1s prowded, as to each cylin-
der, with an admission or inlet and an ex-
haust valve each having a cam-actuated stem,

50 the inlet valve being 1n constant communica-

tion thmugh a hollow rotatable ring with the

mixture supply. The exhaust outlet for

waste gases opens into the interior of a sur-

rounding casing adj acent a suitable exhaust

conduit thereOI

The casing as a whole provides bearmgs
at each end for the main shaft and is pro-
vided at one end with an inwardly extend-
ing support for a stationary cam element

around and against which the controlling

arms for the Dlunoer heads are arranged and
bear. These arms are pivotally connected at
one end with the main rotatable frame and
by links with the plunger hea,d arms, as here-
inaiter described.

The engine as a whole and its several pa,lts

N one preferred embodlment of the Inven-
tion are illustrated in the accompanvmg'

dmwmgs 1n which :

Fig. 1 is a view of the engine in end ele-
vation;

Fig.2is a ver tlcal sectlon on the line II—11
of Hig. 1, with the mlddle portlon 1n eleva— -'
tion |

Fig. 8 is a vertical section on the line

III———-—III of Fig. 2, showing the relative ar-
rangement of the cylmders and phmgers n
open pPos: tlon,

Fig. 4 is a detall view of the rotata,ble
hollow supply ring for the fuel;

Hig., a similar view of the relatlvely
qmtmnar—y bearmw ring therefor;

Fig. 6is a view like ig. 3 showing the rela-

tive arrangement, of the eylmders and plung-
ers n closed position ;

VII-——VII of Fig. 6;

Figs.8 and 9 are dlagl ammatic views illus-
trating the successive relative positions of

the cylinders and plungers throughout one

complete cycle.

Referring to the dr awmgs 9 is the main
power 1mpartmcr shaft through and from
which by suitable means as a pulley or the
like, rotative movement is imparted from

the cylmder supporting frame 3 Whlch 1S

keyed to the shaft, as at 4.

Shaft 2 is mounted in suitable bea,rmﬂs 5,
the hubs 6 of which are mounted upon and
extend mwardly from the main surrounding
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casing or frame 7. Casing T is of generally
cyhndrlcal form mounted upon a suitable
supporting base 8 of any desired design, and
encloses the operative elements of the en-
gine except the carburetor, as shown in Figs.
Tand 2.

The cylinder-supporting frame 3 is pref-
erably in the Torm of a single casting having
the radially disposed porumns 9, carrying the
several cylinders 10. Said c; linders as
shown, are arranged annularly of the shaft
center :-.md for purposes of {2 mhtatmo their

anuf.;wture are preterably made in two
halves. One such half is made as an integral
portion of frame 9 and the other ha It 1S

~ bolted or othenﬂse secured thereto, and to

“aq

| '_'25 -

30

85

the closing head 11 of each cylinder.

By such construction the halves of the cyl-

inder may be machined so as to result in a
continuously smooth interior, similar to the
usual straight cylinder, but confounmn' to
the arc of curvature from one end to the othel
for reception and reciprocable operation of
plunger 12.
- Said plunger is also machined to make a
tight shiding fit within the cylinder, having
suitable packmﬂ* rings as shown, and ca‘mble
of movement therein i"()rwardly and back-
wardly with relatien to head 11, as herein-
after described. |

Plunger or piston head 12 is secured to the
end of arcmte arm 13 of the spider frame 14
which is freely journalled around shatt 2
preferably with an intervening bushing 15
for easy movement thereon.
cylinders 10 are fluted or ribbed, as at 16,

providing for rapid radiation of heat and

- 40

cooling of the several cylinders and each head
1118 promded with an inlet and outlet port 17,
communicating with the casing or shell of
immlet valve 18 and of outlet V‘IlVe 19.

Inlet valve 18 is provided with a stem 20
havmg a terminal button 21 for engagement

~agamst an actuating cam 22 anqulaﬂy ar-

45

B0 ¢

.
o

ranﬂ'ed around the adjacent inner side of the
casing 7. A retracting spring 23 normally

holds stem 20 e*{tﬂndﬂd and closes the valve

24 of the valve casing ao*amst its seat. as in

Tig. 2, until the valve is opened by action of

cam 22 at the proper time, for supply of ex-
plosive mixture. Such supply 1s furnished
through conduit or pipe 25 by which each
valve shell 18 is connected with the annular
interior space 26 of a hollow ring 27, in con-
stant communication with the fuel.
Ring 27, as shown, is thus fixedly connected

“with e‘wh of the Several supply valve casings

18 and rotates therewith during operation of
the engine. Cavity 26 is open at one side en-
tirely “around the face of the ring and 1n
register with supply conduit or pipe 28 lead-
ing from the carburetor 29 of any suitable

construction, mounted on the outside of the

main casing, as shown.

For the purpose of providing a mounting

The W‘IHS of

1,897,962

ring 27, interfits by extended ring-terminals
or tono'ues 30 1in COIleSp'OlldlIlﬂ‘ recelving
orcoves 31 of the fixed ring 32, mounted
around one of the hubs 6.

For the purpose of packing the joint be-
tween said rings, ring 32 is provided with

annular Serles of sochets 33 1 which are
mounted springs 34 and annular bearing

zmos 358. The latter bear afmmst the edﬂu&
of ring extensions 30, and provide a suthi-
clent p.;wkmﬂ to ensure against leakage of
the gaseous mixture bemo supplied to the
several inlet valves from thL, carburelor dur-
g operation of the engine.

ach inlet valve 18 1s provided with a suit-
able 1gnition device, as a spark-plug 36, or
such plug may be suitably located at any
point in the path of the mixture to the ex-
plosive chamber of each cylinder 10. Kach

spark- phm 18 provided with a terminal 37

adapted to come 1nto contact with circuit ter-
minal 38, located at the proper position for
1gnition of the compressed mixiure, as shown
in flg. 1. |

At the opposite side of each cylinder head,
the exhaust valve 19 1s constructed and opga_l-
ates In a generally similar manner, for out-
let of the W‘mte oases, and dischar fre thereot
to the exterior of casing 7. For such purpose

the steam 39 of opening and closing valve 40

is similarly spring-retracted, and is prowde{l
with a terminal but on 41 a,dapted to be de-
prebged by engagement against the amuﬂar

face of cam AQ 5&0111*@(1 to the inner tace of

the o pposite side of casing 7, as in Fig. 2.

Valve casing 19, as thus CUIl‘Stluf‘tEd 1S 11
open cominunication with the interior of each
cylmder through port 17 so that at the proper
time the waste gases may be dischar ﬂ'ed
through a dlschal oe conduit 43.

The lower side of the casing, at one side
and 1n register with conduit 43, 1s provided
with an outleu, shell or conduit 44 Opemnf“ to

the atmosphere for discharge of the waste

cases. (Cam 42, as mdlcated in Fig. 1, 1s of
COﬂSlderable length so that the vdlve 40 will
be maintained open for such exhaust of waste
products, and for intake of scavenging air

and for discharge thereof at periods of each
ﬂycle as Lnd*cated in Figs. 8 and 9, and as

1&31‘6111311,@1 more fully described.
It wili be understood therefore that by
such continuity of the flat face of the cam,

valve 40 is held open for such purpose, a.nd,,

thereatter closed by its retracting spring 28,
during intake, compression a,nd ehplosmn
of the oaSeous mmture being open thereafter
for exhaust, suction of air, and expulsion ot
a1r, as stated. |

As before mentioned, the several eylinders

and their several plunoers rotate together,
the rotation of the cylinders being at a uni-
form speed while the accompanying rotation
of the plungers is at a variable spﬂed 1 the
same direction, alternately accelerated and
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retarded with relation to the normal speed
of the cylinders. Such operation is due to
the controlling action of a cenirally arranged
cam member 45 which is held in a rigid sta-
tionary position by neck 46 of bearing 6, sur-
rounding shaft 2, as in Fig. 7.

Cam 45 is approximately triangular in
torm, but with 1ts sides outwardly bowed or
of arcuate form, for co-operation with the
several conirolling links 47. Cam 45, as thus
constructed, 1s provided with a plurality of
high or extended terminals points, corre-
sponding in number to the number of the
cylinders, as three, with an intermediate low
point, half-way between such high points or
at the middle of the arcuate portion, where
iank 47 1s at its innermost position, as in
Fig. 9. 5

Arms 47 when bearing on the high points
of the cam are at their outermost position,
corresponding to the terminal position of the
plungers on inward movement, as in Fig. 8.
~ For the purpose of providing rolling bear-
ings tor the inner edges or faces of arms 47,
cam 45 1s provided with a continuous an-
nuiarly arranged series of rollers 48 retained
on the cam by side plates 49, as in Fig. 7. The
mner face 50 of each arm 47 is curved ap-
proximately to the curvature of the arcuate
surface of such rollers, around the cam, so
that i1t may lie snugly thereon when in inuer-
most position, and will ride upwardly away
therefrom in outermost position, when the
arm 1s riding over the extended corner por-
tion of such series, around the triangular-
shaped cam. _

Fach arm 47, as thus made, is pivotally
connected, at 51, by a bolt 52 extending
through hub 53 of the arm and through the
web portion 9 of frame 3 forming an integral

or fixed connecting frame between the sev-

eral cylinders 10. Each such arm 47 is con-
nected by link 54 with arm 14 by pivotal con-
nections 55 and 56 respectively, the links
being off-set as at 57 for clearance, allowing
tor under-lapping with relation to arms 47,
while hubs 53 may be cut out for clearance
of the edges of the links 54, as at 58, avoiding
interterence, as in their extended position
when the plungers are inserted in the cylin-
ders, as in Fig. 6.

By such construction and arrangement it
will be seen that as each cylinder 10 with its
mixture compressed at the extreme inner
movement of its plunger, and with the igni-
tion effected through the spark-plue, and
with lever 47 just riding over the high point
of the cam toward its receding face, plunger
12 will be maintained through connections
13, 14, 56, 54, 55 and 51 as an abutment op-
posing action of the exploded gases, which

thereby exert their propelling force against.

head 11 of the cylinder and utilizing such

» Torce to propel frame 9 around the shaft cen-

“tons 1s 1ndicated by double arrows.

3

ter, with such movement or power transmit-
ted to the shaft. _

As the frame 9, under such impulse, moves
around the stationary cam, arms 47 are con-
stantly held mwardly against the cam due
to the re-active action of the gases, at which
time exhaust valve 19 is opened by cam 492
for exhaust. At the same time the other
cylinders being carried around by frame 9

are effecting their functions as to suction and
expulsion of air, intake of the new mixture,

and compression, successively, so that when
the next oncoming cylinder arrives at the
1gnition station the preceding cylinder which

has just been exhausted, 1s then in position

tor suction of air, at the moment of ignition
of 1ts next following cylinder.

Such ignition, in the same manner, effects
reverse pressure against its plunger, and the
several plungers being connected by the

spanner frame 14, the other plungers 12 effect

their functions by corresponding retarded
movement, 1. e., at retarded speed so as to
efiect such suction of air and of intake of

the new mixture at the proper stations of the

cycle, as 1n the diagrams, Figs. 8§ and 9.
It will thus be seen that such relative
1ovement of the plungers not subject at the
moment to explosive action of the gases, are
controlled by the action of the particular
plunger which 1s so subject at the ignition
statlon. Also, that, due to the re-active ac-
tion of each plunger at the point of ignition,
the several spider arms 14 operate together,

‘maintaining the several links 47 in close

operative contact against the rollers of the
cam, throughout each entire revolution.
As indicated in Figs. 8 and 6, the normal
speed of the rotatable frame 9 and its pis-
The relatively reduced speed of the plung-
ers and their connecting spider frame 14,

~when under explosive action upon ignition,

in effecting suction of air and intake of the
mixture, is indicated by a single arrow, as in
Fig. 3, while the relatively increased speed
of the plungers and their spider frame in

compression, exhaust and air expulsion posi-

tions respectively, is indicated by triple ar-
rows, as 1 Ifig. 6. _ | -

From the foregoing it will be seen that the
engine as & whole functions on a six-cycle or
station operation throughout each complete
revolution. Thus, upon 1gnition of the com-
pressed mixture, the several cylinders ad-
vance beyond their plungers upon explosion,
tollowed by exhaust of the burned gases from

the active cylinder, then followed by suction

of air, then by expulsion of air, then by in-
take of the explosive mixture, and then by
compression therecf, prior to the next igni-
tion, as clearly illustrated in Figs. 8 and 9.

While I have not shown anvy means for

f-ubricating the working parts of the engine,

it will be understood. that usual or suitable
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means are to be used for supplying o1l, grease
or other suitable lubricant to all friction Pro-
ducing surfaces.

The frame 9 and its cylinders when 1n mo-
tion also operate as a fly wheel and tend to
equalize and regulate the torque of the drive
shaft 2. If desn'ed however, an ordinary
fly wheel may be also mounted on the shaft

Tfor advantage of its momentum.

The construction and operation of the en-

-o1ne will be readily understood and appre-

ciated from the foregoing description by
those skilled 1n the art. While I have shown
and described one preferred embodiment of

> the 1nvention, 1t will be understood that va-

rious changes or modifications may be made
by the skilled mechanic in detail construction
w1th111 the scope of the fo]lowmir claims.

What I claim 1s:—

1. In an internal combustion rotary engine
having a rotatable drive shaft, a surr oundmﬂf
rotatable frame fixed to said shaft having a
series of curvilinear eyiinders concentric with
the shaft, and a rigid frame freely journalled
around the shaft having a couespo*‘*dmﬂ
series of cvlinder plungers and connecting
arms therefor; mechanical movement means
controlling relative movement of the cylin-
ders and plungers consisting of a fixed cam
surrounding the shait hawnﬂ' a series of a

cuate roller bearing faces corre pondmw il

number to the number of cylinders and
plungers, a link pivotally connected with
each plunger arm, and cam-engaging arms

theretor pivoted on the cylinder frame and

to cach of said linke, each arm having an
arcuate face confor mmﬂ' to the arcuate roller
bearing faces of the cam.

0. In an internal combustion rotary engine
having a rotatable drive shaft, a aurround—
ing r matable frame fixed to said shaft having
a serles oi curvilinear cylinders concentric
with the shaft, and a rigid frame freely jour-
nalled around the shaft having a correspond-
1o serles of cylinder plungers and connect-
ing arms therefor; mechanical movement

means controlling relatwe nlovemezlt of the
cylinders and plunn'ers consisting of a fixed -

am surrounding the shaft hfwmo* 1 series
of arcuate faces corresponchnﬂ* in number to
the number of cylinders and plungers, a link
pivotally connected with each plunger arm,
and cam-engaging arms therefor pwoted on
the cy linder frame and to each of said links,

ach arm having an arcuate face conforming
to the arcuate face of the cam terminating at

“a maximum distention point engageable with

the cutermost of the several cam terminals

between its arcuate faces.
3. A_n internal combustion rotarv englne
comprising a rotatable drive sha,ft a Sur-

rounding r otatable frame fixed to
having a series of three equally spaced curv:-

linear cyhndels concentric Wlth the shaft, a
rigid frame freely journalled around the

rigid frame freely journalled

.ald shatt

1,897,962

shaft having a corresponding series of cyl-
inder plunﬂ‘ers and pivoted connecting armns
therefor, a fixed cam surrounding the shatt
having three equal arcuate faces.t a link piv-
otally “connected with mch plunger arm, and
n cam-engacing arm for each plunger piv-
oted to one of said links and to the cylinder
frame and havmﬂ an arcuate face conform-
able {o the arc “1tff~ faces of the cam.

4, An mtu* al combustion rotary engine
comprising a rotatable drive shaft, a sur-
10111141110 lotm:.ib e frame fixed to S:-,ud shatt
1:1\?'111'0' a series of three equally spaced curvi-
linear cvlmdu“ concentric with the shaft, a
around the
shatt having a Lm"mﬂ‘oondmﬂ' series of cyl-
inder plungers and nwoted CO‘l‘leCtan‘ ATMIS
therefor, a “fixed cam surroundi ng the shaft
having three equal arcuate faces termnmtmo'

&t equ 2l maximum distances from the shaft

enter, a link pivotally connected with each
pllﬁlﬁel arm, and a cam-engaging arm for
each plunger pivoted to one of said links and
to the cylinder firame and having an arcuate
;ace conformable to the arcuate faces of the
am terminating m a shoulder engageable
1"1t11 the maximum distance termin als 01 the
ayrcuate faces of the cam. |
In testimony whereof I hereunto ailix my

- signature.
| WERNER 1. STAAF, Sr.
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