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UNITED STATES

PATENT OFFICE,

ROBERT H. ISBELL, OF NEW YORK, N. Y.

ROTARY ENGINE.

SPECIPICATION forming nart of Lietters Patent No. 348,217, dated August 31, 1886.

Avpplication filed June 4, 1886. Serial No. 204,118,

To all whom it may concerm:

Be it known that I, RosperT H. ISBELL, a
citizen of the United States, residing at the
city and county of New York, in the State of
New York, haveinvented a new and useful Ro-
tary Engine or Motor for Steam, Water, or
other Motive Power, of which the following is
a specification.

My invention consists of a series (two or
more) of jointed arms playing within a shal-
low cylinder and dividing the eylinder into
separate variable chambers, the arms being
pivoted together at one end eccentrically as
to the center of the engine-shaft, and at the
other end pivoted at different points uponthe
sides of the cylinder. Motion around the cen-
ter of the shaft is produced by the chambers
alternately enlarging and contracting through
the force of the power applied against the
movable arms. The central pivot may be one
attached to the shaft, the other ends of the
arms being pivoted ab stationary points upon
the circumference of the cylinder, or the cen-
tral pivot may be stationary and the outer
ends revolve, in which latter case the outer
ends would be attached to the circumference
of an inner cylinder itself attached to the
shaft. Ineach casethe principle would be the
same. My invention is entirely distinet from
that class of rotary engines which consist of a
smaller cylinder placed eccentrically within
a larger one and made to rotate by means of
pistons sliding in and out of the smaller one.
I know also that prior to my invention rotary
engines have been made with several cylin-
ders arranged upon the circumference of a ro-
tating circle, and with their pistons all at-
tached to a point fixed eccentrically as to the
shaft, that point being stationary and the cyl-
inders themselves rotating; but I know of no
application prior to mine of the principle of
jointed arms to divide the cylinder or engine
in which the power acts into variable cham-
bers. There are various waysin which it may
be applied, of which the drawings show sev-
eral.

The objects of my invention are various,
comprising simplicity of construction, redue-
tion of friction, a proportional increase of sur-
face for the power to act upon, a more steady
application of the power, less oscillation of
the machine, and greater speed.

The accompanying drawings are made with

{No model.)

special reference to a small engine operated
by steam, but thesame principles and deserip-
tion are applieablein the main to an engine of
any size or power and to a water-motor.

Figure 1 is aside élevation of an entire ma-
chine. Tig. 2 isa plan of the jointed arms
which play the part of pistons. Fig. 3 is a
perspective of the shaft, and attached to it the
inner cylinder containing the arms., TFig. 5is
a perspective of the outer cylinder in which
the other revolves, showing the entrance and
exit for the steam. TFig. 7 is a perspective of
the cap to close the outer cylinder, showing
the pivot upon which the jointed arms turn.
TFig. 6 is a plan showing a variation of the
outer cylinder, suited to a case where the en-
trance of further steam is to be cut off before
the end of the stroke. Tig. 4 is a sidesection
of the outer cylinder along the line z z, show-
ing how the steam enters. Tigs. 8 and 9 are
plans, respectively, of the inner cylinder with
its jointed arms, and of the outer cylinder, in
which it turns, suited to the case, where two
arms are to be used instead of three. Tig. 11
is a section on the line y of Fig. 2 of the inner
ends of the jointed arms pivoted together.

All of the figures from 1 to 9, inclusive, are
adapted to the case where the inner ends of
the jointed arms are stationary and the outer
ends revolve, while Fig. 10 is a plan of the
arms in a machine where the outer ends are
stationary and the inner ends revolve. Figs.
2,5, 6,7, 8,9 are upon the same scale. Tigs.
1, 3,and 4 are upon a reduced secale, but the
the same scale as each other. Fig. 10 repre-
sents a smaller machine. Fig. 11 is upon an
enlarged scale.

A, I'ig. 1, is the frame upon which the ma-
chine rests, having bearings for the shaft F
at a a.

B, Figs. 1 and 5, is the outer eylinder, sol-
idly affixed to the frame.

C, Figs. Land 7, is a cap fitting upon I of
the outer eylinder, B, and closing it, and hav-
ing a bar, », affixed to it at right angles on'the
inside.

D is a pulley by which to take the power
from the machine.

I, Figs. 2 and 38, is a shallow cylinder, sol-
idly affixed to the shaft ¥ and forming part
of it. This cylinder E fits into the cavity B

of the ounter cylinder, B, and revolves in it.
The operating part of the mechanism lies
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within the ‘cylinder E. It is a hollow ¢ylin-
der, with one end open toward the ecap C, but
closed by the said cap when in operation, and
with the other end—i. e., the inner end—at-
tached at its center to the shaft F, and with
that end closed, except for the ports or open-
ings e. The jointed arms G G, G’ ¢, and G”
G are all of the same depth asthe cylinder L,
so that when in position they form, with the
side of the cylinder E and the cap C, three
separate compartments, which are in all posi-
tions steam-tight, except for the openings e.
They are pivoted together like a hinge at their
inner ends around the hole m, are jointed at

w4

the points g ¢’ ¢”, respectivély, and are pivoted

at the points 4 %' #”, respectively, upon pivots

affixed to the circumference of the circle,equi-
distant from each other. All the joints of the
arms are made steam-tight. 'When the parts
are in position, the hole m receives the bar #,
which is affixed to C at a point one side of its
center.

J’, Tig. b5, is the steam-chest, being a cavity

in the cylinder B, underlying the cylinder B
and admitting steam through theholed. Jis
a like cavity to serve as the exhaust through
the hole c.
them are upon a level with the rings o and p,
and upon them the inner disk of the eylinder
E revolves steam-tight. The sides of the cyl-
inder E need not be steam-tight against the
sides of the cavity .-

© Rig. 2, of the jointed arms, I provide with an-
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nular elevations or ribs, which set into corre-
sponding depressions or grooves, the rib of one
arm just fitting in the groove of another. This
is shown in Fig. 11, which is a vertical section
of the circular ends of the arms hinged to-
gether, showing a part of one arm and only the
circular ends of the other two. The arm G
incloses G, and G incloses both. " Even when
the bar n is removed they remain locked to-
gether. "The object of these ribs and grooves
is to render the motion’smoother anhd also keep
the joint steam-tight. - Two of the three arms
must be made in parts. A similar construe-

- tion may be used at the joints g ¢’ ¢”, or even

at the pivots & &' k", when made advantageous

" by the size of the machine.
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In small machines no'packing of the moving

parts will be necessary; but inlarger machines,

if necessary, the jointed arms may have ap-

propriate packing inserted upon their upper

and under surfaces. Packing may be used at

other points when nécessary.

The operation of the three-armed machine
is as follows: The stéam enters at b. © 'When
onée of the ports or openings e passes the par-
tition #/, steam enters the chamber with which
that port communicates. Thepressure of the

steam acting upon the jointed arms revolves
the cylinder E-in the direction of the arrow,
(shown in Fig. 2,) and that chamber begins
to enlarge through the movements of the
jointed arms, and continues to enlarge until’
the port passes the partition », at which point
the chamber has reached its largest possible

The partitions » and +’ between

The inner ends, at m, .
) 13

348,217

position. In the meantime a second chamber
has been filled by steam by its port passing
the partition#. Each chamber discharges its
steam into J as soon as its port has passed
the partition », so that during the time it is
contracting there is no pressure of steam with-
in it to resist the enlargement of the other two
chambers. Asthe points?, %/, and 2" are dis-
tant one-third of the circumf{erence from each
other, the partitions » and +" must.be at a cor-
responding distance from each other. Thus
the steam acts in each chamber for two-thirds
of the distance around, and is abt every moment
acting in two chambers. There is thus no
dead-point. . .
‘When the machineis first started, the steam
must enter one or both of the chambérs, where
pressure will turn it in the direction of the
arrow. The force exerted is at all times the
same or nearly so, being greatest in any cham-
ber when it reaches about the position of G G
&' @&, as shown in Fig. 2. Each chamber is
smallest when the outer ends of its inclosing-

arms (&’ and A", for instance) are upon oppo-

site sides of and equidistant from the partition
#/, or nearly so, and in that position the outer
end of the other arm, A, is directly opposite .
Consequently the ports ¢ are arranged directly
opposite the outer ends of the arms, and they
must be put in such position that the arms
will not cover them in movement, at least
enough to obstruct the passage of the steam.
The inner pivotal poiné, m, of the jointed arms
I place inside the circle running through
the pivotal points of their onter ends, & i’ A",
and distant from the circumference of that
cirvele one-third of its diameter. This deter-
mines the position of the bar » upon thecap C.
I have discovered that this proportion (twoto
one) produces better results than any other.
The inner pivotal point—that is, the bar n—
can, however, be placed at other distances from
the center of the eylinder, and motion will re-
sult. The distance may bevaried for the same
purposes for which the length of a erank is
varied in other engines; and upon the same
principles. ’

The bar » in the drawings is represented as
being directly over the partition 7/, and the
partition # as in a line perpendicular to the
center. Neither of such positions is essential,
nor is the position of the port ¢ in its cham-
ber exactly as represented essential; but it is
essential that the ports ¢ and the partition »
shall be so placed with reference to each other
that steam shall not begin to enter any cham-
ber until such chamber is at its smallest ca-
pacity, and that the partition r shall be so
placed that the steam shall begin to exhaust
as soon as it reaches its largest capacity.
These positions may be caleulated exactly.

The spaces H,lying between the dotted lines
and the sides of the cylinder E, Fig. 2, repre-
sent those parts of the cylinder which the joint-
ed arms in their movements never occupy or
touch., Theése spaces may be entirely filled or
manufactured solid with the- side and rear
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plate of the eylinder E. When steam is.used
as the motive power, they should be filled,
so as to make as small as possible the cham-
bers which the steam enters and thereby pre-
vent waste of force; but the filling must be so
arranged around the ports eas not to obstruct
the entrance or exit of the steam.

The two legs into which the jointed arms
aredivided I make equalto each other. Ihave
discovered that that arrangement produaces
better results than any other. The machine
will, however, work with the two legs une-
qual. . The arms are so arranged as to length
that they will be slightly bent when extended
the farthest, and thus will be always bent in
the direction of the arrow, which is the diree-
tion of the application of the power. The ob-
Ject of this arrangement is to avoid all possi-
bility of an arm catching upon the center of
its joint when fully extended and becoming
jammed, as might happen if it were straight-
ened out fully. The object should be to bring
the arm as nearly straightas possible when ex-
tended, and yet avoid that danger. :

Besidestheuse of jointed arms, as described,
another important feature of my invention
lies in the relative positions of the steam-
chest J’and the cylinder . Iplace the steam-
chest behind the revolving disk of the inner
cylinder, E. Inotherengines, whether recip-
roeating, rotary, or otherwise, oscillation is
produced, especially when runat high speed,
onaccountof unbalanced pressure against non-
moving parts. In this invention the greater
part of the foree which is not used in rotating
the machine is, asif were, divided in two, and
one half balanced against the other. Thus the
steam-chest J’ should be made of such a size
that the rear surface of the inner disk of the
cylinder Ii,exposed tothe pressure ofthe steam
in the steam-chest J’,shall be as nearly equal
to the opposite surface of the same disk ex-
posed to the steam in the chambers as it can
be without relieving the disk of sufficient
pressure to keep it steam-tight upon its bear-
ing-surfaces o, p, », and »’. The rear surface
of the disk exposed to the steam shounld be
about three-fourths of the innersurface so ex-
posed in the chambers. Some pressure will
be exerted against the bar n, but it will be
continuous and in one direction, and may thus
be ecasily resisted without oscillation of the
machine.

In Fig. 6, which is a plan of the outer cyl-
indervaried,the parts are all exactly the same,
with the addition of a third partition, »”, also
made steam-tight with the inner disk of the
revolving cylinder. This operates as a cut-
off, preventing the further entrance of steam
into the successive chambers after their ports
e have passed the partition #”, and thus util-
izing the expansive force of the steam already
in the chamber while the port is passing from
7’ to 7. The chamber J” has no outlet. The
partition »” may be arranged at any point be-
tween # and +/, so as to cut off the steam in
any desired proportion.

" Figs. 8 and 9 show the application of the
same principles to a machine with two arms
instead of three, operating in.the same way
and having analogous parts. The inner eyl-
inder revolves within the outer one in the
same way, the outer ends of the jointed arms
K K, K’ K’ being pivoted at ifs rim at points
opposite each other and going around with it,
and the inner ends being pivoted at I upon
the bar n of the cap C. The ports ¢ ¢ allow
steam to enter the two chambers successively,
so they pass the partition », which is ex-
hausted as they pass the partition »”. If it
is desired to cut off the steam before the ports
reach ", another partition, +””, must be put
in. The chambers P P, Fig. §, should also be
filled up wherever the arms do not extend
where steam is the motive power.

The action of a two-armed machine is in
general the same as that of the other, except
that the steam acts in each chamber during
one-half instead of two-thirds of a revolution,
and there are consequently two dead pointsin
the circle, to overcome which difficulty a fly-
wheel must be used.

In Fig. 10 we have an application of the
jointed-arm principle to a machine, where the
inner ends of the arms revolve and the outer
ends arestationary. Tnsucha machine there
isonly onecylinderand itisstationary. Rrep-
resents its sides. M M, M’ M'are two arms
jointed at m m/, with their outer ends pivoted
at v to oppositesides of the eylinder, and piv-
oted together at their inner ends upon a pivot,
7/, which is affixed eccentrically to the shaft N
and serves as acrank. Wisan ordinary steam-
chest, with steam and exhaust portsand avalve
to alternately supply steam to and exhaust it
from the two chambers formed by the arms.
w w’ are the openings into the eylinder for that
purpose, so arranged as to be out of the way
of the arms. The arms move steam-tight, as
before, against the inner end of the eylinder
and the inner surtace of the cap to be placed
over the other end, such cap not being shown
in the drawings. In this machine, too, a fly-
wheel is necessary to carry the shaft and arms
past the dead-points.

Any number of arms may be used in that
kind of machine where the outer ends revolve
(see Figs. 2 and 8) without altering the main
principle, and I do not confine myself to two
or three or any particular number; but the
best mode in which I have contemplated ap-
plying the prineiple of the jointed armsis that
of the three arms illustrated in Fig. 2, being
a decided improvement over other methods.
Reversing I would accomplish in a jointed-
arm engine in the following way: When the
outer ends of the jointed arms are stationary,
Fig. 10, it is done in the usunal way Dy re-
versing the current of steam. In a machine
where the inner ends of the arms are station-
ary, Figs. 2 and 8, it may be done by leading
the steam in at ¢ and out at b, Figs. 5 and 9.
About two -thirds of the power will be ob-
tained in the reverse direction unless thearms
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are made to come straight, which is not feasi-
ble, for the reason before stated.

For use as an engine or motor to be driven
by the pressure of water, the only change
necessary in the construction shown in Figs, 2
and 8 would be an enlargement of the ports ¢
and ¢ to a size alittle larger than the pipe ad-
mitting the water to the machine. In Fig. 10
all the places of entrance and exit for the wa-
ter would have to be enlarged in the same ra-
tio. 'With water there would probably be
little if any advantage in closing the spaces
which the arms did not reach, (see H, Fig. 2,)
as the water would escape only as fast as it
was supplied.

The advantage of the use of a machine upon
this prineciple over the ordinary water-motor
is that it utilizes all the power of the water,
since not a drop escapes through the machine,
and yet the friction of the parts is less than in
any other machine of which I know.

‘What I claim as my invention, and desire
to secure Lefter Patent for upon this applica-
tion, is—

1. A roftary engine or raotor consisting of a
series (two or more) of jointed arms within a
closed cylinder or chamber pivoted together
at one end at a point within the cylinder and
eccentrically as to the center of the engine-
shaft, and at the other end pivoted at different
points upon the sides of the cylinder, one end
of each arm being pivoted to some stationary
part and the other end pivoted direetly or in-
direetly to the shaft, in combination with ap-
propriate devices to supply steam or other
motive power successively to the different
variable chambers thus formed by the jointed
arms and the sides of the cylinder.

2. A roftary engine or motor consisting of a
series (two or more) of jointed arms contained
within a closed cylinder, and dividing such

cylinder into variable chambers, pivoted to- -

gether at their inner ends upon a stationary
pivot whieh is affixed to the machine eccen-
trically as to the shaft, and at the outer ends
pivoted at different points upon the sides of
the ecylinder, such eylinder being affixed to the
shaft and turning with it, substantially as de-
seribed, in combination with appropriate de-
vices to supply steam or other motive power
successively to the different variable chambers
formed by the jointed arms and the sides of
the cylinder.

3. A rotary engine or motor consisting of
two jointed arms contained within a closed
cylinder or chamber, and dividing such cyl-

inder into variable chambers pivoted together -

at their inner ends upon a pivot attached ec-
centrically to the shaft, and at their outer
ends pivoted at stationary pivots placed at
different points upon the sides of the cylin-

* der, in combination with appropriate devices

65

to supply steam or other motive power suc-
cessively to the different variable chambers
formed by the jointed arms.

4. The three-armed machine shown in the

| drawings, consisting of the combination of

the inner cylinder, E, the outer cylinder, B,
and the cap C, the inner cylinder having
three jointed arms pivoted at their outer ends
at different points upon the sides of the cyl-
inder, and at their inner ends pivoted to-
gether upon a stationary bar, «, affixed to the
cap C, and having openings ¢ into the cham-
bers formed by the arms, the outer cylinder
having cavities J and J’ and partitions» and »,
to supply and exhaunst the steam or other mo-
tive power, substantially as described.

5. In a rotary engine or motor consisting
of one cylinder rotating within another by
means of the pressure of steam or other power
exerted within the inner cylinder, the com:
bination of the inner cylinder with its ports
to admit the steam or other power and the
outer cylinder with a chamber or steam-
chest lying behind the disk of the inner cyl-
inder, substantially as and for the purpose de-
scribed. '

6. In a rotary steam-engine having an in-
ner revolving cylinder and an outer cylinder
with steam -chest J', as described, the parti-
tion #”, arranged between the partitions » and
#', substantially as and for the purpose de-
seribed.

7. A rotary engine or motor operated by

Jjointed arwms, as deseribed, so arranged that

the pivotal point of the inner ends of the arms
is one-third of the way across the circle, which
runs through the pivotal points of their outer
ends upon its diameter, substantially as and
for the purpose described.

8. In a rotary engine or motor operated by
jointed arms, as described, a jointed arm,
which is just a little longer than the distance
between its two ends when farthest extended,
substantially as and for the purpose described.

9. In a rotary engine or motor operated by
jointed arms playing within a chamber, as de-
scribed, a jointed arm consisting of two equal
legs or parts, substantially as and for the pur-
pose described.

10. Inarotary engine or motor, asdesecribed,
the jointed arms provided at one or more of
their pivotal points with corresponding ribs
and grooves, substantially as and for the pur-
pose deseribed. .
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11. In a rotary steam-engine operated by -

jointed arms, as described, the cylinder or
chamber which contains the arms, with the
spaces in it which are mot touched by the
arms filled up, substantially as and for the
purpose described.

In witness whereof I have hereunto set my
hand this 2d day of June, 1886.

ROBERT H. ISBELL.
‘Witnesses:

Tros. J. Rired, Jr.,
F. ESTELLE BRIGGS.
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