No. 731,283, PATENTED JUNE 16, 1903..
- -J. F. COOLEY.
MECHANICAL MOVEMENT.

APPLICATION FILED JAN. 17, 1802,
N0 MODEL, e —— 4 SHEETS—SHEET 1, )

. : . / g / -
S 7 A ‘ R .
€ a. baars

T (
AN Dteame — e

THE NORRIS PETERS CO.. PHOTO-LITHO., WASHINGTON, b, G,




No. 731,283."

PATENTED JUNE 16, 1903,
J. F. COOLEY,

MECHANICAL MOVEMENT,

‘ : APPLIOATION FILED JAN, 17, 1902,
N0 MODEL. . ——— 4 SHEETS—SHEEET 2.
///’ \\
il \\
// \\
/ \ t
/
/ ;A0
Il \
! 1
h \
I ) .
. !_@Zﬁ@
1 72 !
\ S
\ /
\ /
\
\ 7/
N 7
N
\\\ // 7
7 N
N
v \\
/
/ \\
/ \
/ ; \
i oA
| .
I 'M/ -
\ !
\ 3 /
\ ﬁ /
\
/
\
\ e
\\\ //
/// \\\\
// '\\
’ N\
/ \,\
/

\ . !
7 /
A rd /
\ bl /
AN
s
AN s
~ pd
~a -
[
o —
/// \\\
Ve o
e N
’ AN
/

- / \

I’ o (/ ‘|
el A | ; .
g

2
2 !
\ . i 7 /
\ /
\ s
\ /
\\ //
\\ //
~ ~§__’//

THE NDRRIS PETERS CO., PHOTO-LITHO, WASHINGTON, 0. <.




No. 731,288, PATENTED JUNE 16, 1903.

J. F. COOLEY,
MECHANICAL MOVEMENT.

'APPLICATION FILED JAN, 17, 1802,

N0 MODEL,

WM\\—*/ -

FHE HORRIS PETERS GO.. PHOTO-LITHO., WASHINGTON, D, G.




PATENTED JUNE 16, 1903,

No. 731,283,

I. F. COOLEY.
MECHANICAL MOVEMENT.,

APPLICATION FILED JAN, 17, 1902..

4 SHEETS—BHEET 4,

NN

i
L e vt . o

=
=
=

NO MODEL,

T 25
h 16 .
Z

IS,

’ oot it ittt
L0, g St £ oo
[REE N4 q 'II”II’”O“ Z Lo Il ;

M I

24

=

4

.

7
)

%
Z

N

. ”/7\\ -

l

F;




No. 731,288

UNITED STATES

Patented June 16, 1908.

PaTeENnT OFFICE.

JOHN F. COOLEY, OF BOSTON, MASSACHUSETTS, ASSIGNOR TO COOLEY
EPICYCLOIDAL ENGINE DEVELOPMENT COMPANY, OF JERSEY CITY,

NEW: JERSEY, AND BOSTON,
NEW JERSEY.

MASSACHUSETTS, A CORPORATION OF

MECHANICAL MOVEMENT.

SPECIFICATION forming part of Letters Patent No. 731,283, dated June 16, 1903.
Application filed Tannary 17, 1902, Serial No, 90,118, (No model)

To all whom it may concern:
Be it knownthat I, JouN F. COOLEY,of Bos-
ton, (Allston,) in the county of Suffolk and

_State of Massachusetts, have invented certain
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new and useful Improvements in Mechanieal
Movements, of which the following is a speci-
fication. ‘

This my invention in its broad scope re-
lates to a new mechanical movement wherein
a point may operate or a plurality of points
may simultaneously operate to produce epi-
cycloidal or hypocycloidal curves or forms
corresponding to those generated by a point
in the cireumference of a moving ecircle or disk
which rolls on theé inside or outside of the cir-
cumference of a fixed circle as commonly un-
derstood.in certain branches.of mathematics.

The essence of this invention is expressed

by a combination of two like directionally-ro-

tating elements connected to revolve around
separate fixed -axes at correlatively constant
speed rates differing by such an amount that
the terms of their ratio when reduced to their
lowest integral numbers differ by unity, one
element having one or more fixed points set
at equal radial distances from its axis and
equally spaced along their circular path of
travel and moving in contact with the other
element, forming epicycloidal or hypocy-

cloidal curves thereon, which will be the.

common path of said fixed points when they
are numerically equal to the greater or lesser
of the two terms of the correlative speed ratio
of the elements when expressed in theirsnall-
est integral numbers and the points are borne
by the element differing therefrom.

This invention demonstrates that when a
point revolves around and at a set distance
from an axis and moves at a given rate of
motion upon a plane which revolves in like
direction around an axis offset from the axis
of revolution of the point and with a com-
parative rate of revolution of the plane to the
point,as two to one, three to two, four to three,
&e., or one to two, two to three, three to four,
&e., then the point will delineate upon the
plane epicycloidal or hypocycloidal forms
such as are produced by the point-bearing
disk of cyclometry when rolling upon the in-
side or outside of the circumference of the
stationary cirele.

‘When the conditions of my invention are
complied with, the movement two of the point
to one of the plane will produce the well-
known cardioid, the movement three to two
produces the nephroid, four to three the tri-

cuspid form, &c., and it also shows that the

cardioid is the common path of two points re-
volving at the same radial distances around
the same axis at the same time when their
position equally spaces their circular path of
travel. The nephroidisthe common path of
three such points at the same time and the tri-
cuspid of four, &c., and when the speed rates
are reversed then a reversal of the curves and
cusps takes place corresponding to curves
generated by the describing-point on arolling
cirele or disk when rolling upon the inside of a
stationary circle, the simplest form being the
ellipse, whose extremes are the straight line
and the cirele.  In myinvention for this form
only one point can be used—the tricuspid
form-—in consecutive order and is the common
path of two points, the four cusp is the com-
mon path of three, &e. When the point or
points are given an axially-longitudinal move-
ment while rotating, it or they will spirally
deseribe the surface of epicycloidal or hypo-
cycloidal eylindrical forms, depending upon
whether they have the slower or faster move-
ment.
tary movements will describe the surface of
said cylindrical forms by parallel lines ex-
tending longitudinally or circumferentially,
or both. When said points are replaced by a
line or lines of equal length longitudinally
extended axially, the path of said line or
lines relative to the other element will form
eylindroids whose section profile will be true
epicyecloidal or hypocyecloidal forms. When
disks or eylinders are used or other forms

Alternations of longitudinal and ro-
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instead of points or lines and they arelocated

upon the element bearing them in conformity
to the rulé governing angular position of said
points, nseful modifications of said forms will
be produced. ‘

My invention consists of certain novel fea-
tures hereinafter described, and particularly
pointed out in the claims.

In the accompanying drawings,which illus-
trate construetions embodying my invention,
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Tigures 1, 2, 3, and 4 are diagrammatic views
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illustrating the cardioid form of epicycloid.
Figs. 5, 6, 7, and 8 are diagrammatic views
illustrating the nephroid or bicuspid form or
epicycloid. Tigs.9,10,11, and 12are diagram-
matic views illustrating the tricuspid form of
epicycloid. Figs.13,14,15,and 16 are diagram-
matic views representing the simplest form of
hypocyeloid, starting with a cirele and show-
ing two elliptical shapes and ending with a
straight line.. Figs.17, 18, 19, and 20 are dia-
grammatic views representing a tricuspid
form of hypoeyeloid.  Figs. 21, 22,23, and 24
are diagrammatic views showing the four-
cusp shape or form of hypocyecloid. Fig. 25
represents a rotary fluid-motor pump or me-
ter in vertical section through the center
thereof. TFig. 26 is a longitudinal vertical
section through a rotary fluid-motor pump
or meter on the line X X, Fig. 25.

Like characters of reference refer to like
parts throughout the several views.

Referring to Tigs. 1, 2, 3, and 4, A repre-
sents the evolute element, whose axis is A'.
B and C represent two points of the evolver,
whose axis is D. The dotted lines between

B and C and drawn through D represent the-

equal radii, which limit the distance of B and
Cfrom the axis D. TInthe operation of form-
ing the cardioid epicycloid the two evolver-
points B and C rotate around the axis D at
the given rate of rotation upon the evolute
element A, which is also moving in the same
direction of evolution around its axis A, but
at a different rate of speed from that of the
evolver element. The speed ratio of the two
elements in this case when reckoned in com-
plete revolutions of both elements and re-
duced to their lowest integral numbers differ
by unity, therve being one revolution of the
evolver to two revolutions of the evolute ele-
ment.

‘When using the nomenclature of eyelomat-
ies, Figs. 1 and 2 may be described as prolate
epicycloids, Fig. 3 as the curtate epieyeloid,
and Fig. 4 as the common epicyecloid.

Referring to Figs. 5, 6, 7, and 8, A is the
evolute element, and A’ its axis of revolution.
B’, ¢, and E are the points of the evolver
element. A, the evolute element, is revolved
around A, its axis, at a given rate of speed.
B', ¢, and E, the points of the evolver ele.
ment, revolve in the same direction and upon
the evolute element A at a slower speed ratio
and in this case when reckoned in complete
revolutions of both elements differ by unity
when reduced to their lowest integral num-
bers, being three of the evolute to two of the
Fig. 51is a prolate bicuspid
epicycloid. Tig. 6is the common epieycloid,
and Fig. 7is a curtate form. Tig. Sis another
modification of prolate. (Shown in Fig. 5.

Referring to Figs. 9, 10, 11, and 12, Fig. 9
shows the tricuspid form of epicycloid, in
which a four-pointed evolver element re-
volves in the same direction, but at slower
speed, upon the evolute element A, the speed
ratio in this case being four to three—that is,
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four of the evolute to three of the evolver
element. The tricuspid epicycloid described
by the points is the common path of all of
them. Tig. 9 is the curtate form, Figs. 10
and 11 the prolate form, and Iig. 12 is the
common form. _

Referring to Figs. 13, 14, 15, and 16, these
are hypocycloidal forms. Fig. 13 shows a
one-pointed evolver element moving in the
same direction and upon the evolute element
A,wherein the center D of the evolver and the
center A’ of the evolute coincide, which pro-
duces in this, as in all cases where the centers
of both elements coincide, a true cirele, the
evolver element rotating in the same direc-
tion but at a higher rate of speed than the
evolute element, the ratio of the two elements
when reduced to their lowest integral num-
bers being one to two—that is, two of the
evolver toone of theevolute—thisspeed ratio
with slightly-offset centers, as in Fig. 14, pro-
ducing an ellipse. Tig. 15 showing a greater
offset of the centers of the axes of both ele-
ments produces an elongated ellipse. TFig.
16, wherein the offset between the axes exactly
equals the radial distance of the evolver-
point from its axis of rotation, produces a
straight line. _ : '

Referring to Figs. 17, 18, 19, and 20, Fig.
17 shows the tricuspid form of hypoeycloid,
which is the common form of the two points
B*C*of theevolverelement when they revolve
around their axes D upon the evolute element
A, which is revolving in the same direction
and around its axis A’ and at a slower rate of
speed. This hypoeycloidal form is the com-
mon path of two points, the speed ratio of the
two elements when reduced to their lowest in-
tegral numbers being two to three. Fig. 171is
the curtate form, Fig. 18 the common form,
Figs. 19 and 20 being the prolate forms.

Referring to Figs. 21, 22, 23, and 24, these
are also hypocyecloidal forms. ~ Fig. 21 shows
a three-pointed evolver element deseribing a
four-cusp hypocyecloidal form, the evolverele-
ment revolving in the same direction but
faster than the evolute element and the
speed ratio of the elements in this case when
reduced to their lowest integral numbers be-
ing three to four. Figs. 21 and 24 are prolate
forms, Fig. 22 the curtate form, and Fig. 23
the common form.

Figs. 1 to 24, inclusive, are a few examples
of a point or points upon one element correla-
tive to the other, as shown in dotted lines.
The fixed radial distance is shown also in
dotted lines. The path of the point relatively
to the other element is shown as a complete,
closed, curved, and full line within the outer
cireles, which forms a possible limitation of
the other element.

Figs. 1 to 12, inclusive, illustrate by full-
line curves the path of the points when they
are mounted upon the slower element.

Figs. 13 to 24, inclusive, illustrate Ly full-
line curves the path of the points when they
are mounted upon the faster element.
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Figs. 25 and 26 illustrate this mechanical

" movenment, which is the subject of this inven-

tion, asapplied toa rotary fluid engine, pump,
or meter in one of the possible forms under
this principle and may be used with suitable
gases, vapors, or liquids as operative fluid

“mediums; but it is self-evident that this is a
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mere example, and this invention is broader
than its mere application to such uses. In

this example the cardioid form, which is.

herein the piston 1, is the path of the ex-
tremities of the two partitions 3 3 of the part
2, which operative conditions require to be
provided with yielding and wearing elements
14 and 15, said partitions, with their yielding
parts, being mounted upon the element 2,
which corresponds with the point-bearing
element of this invention, which in this ex-
ample is called the ‘“spacer” of this engine,
pump, or meter and is mounted upon a sepa-
rate axis than that of the cardioid part 1 and
parallel thereto, and in correlative speed
rates the movement of both parts rotating in
the same direction is as two of part 1 to one
of part 2 in this example. As a more full
explanation of the operative prineiple of this
invention in relation to its usefulness and
facilitating the extending of the operative
conditions of this example I give the follow-
ing detailed description of the construction
and operation thereof: The cardioid piston 1
is fixed on the hollow- shaft 8, which by a
partition 9 is divided into two chambers 10
and 11 and is closed at each end. The cham-
ber 10 connects with a port12; and the cham-
ber 11 connects with the port 13. The man-
tle or cylinder 2 or, as it may be termed,

“the ““spacer” has two partitions or abut-
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ments 3 toward the interior, where they are
provided with shoes which can adjust them-
selves radially in order to make a practically
fluid-tight moving contact with the piston 1,
even in case of the piston or the shoes having
suffered from wear or other irregularities.
The spline 14 abuts against the rocking shoe
15; which glides on the surface of the piston
and dividesit. The splines are adjusted auto-
matically by thesprings 16. The shaftis pro-
vided with a geared surface 6, which engages
with & corresponding geared surface 7in cir-
cular openings in the spacer-heads 4 4. The
bosses 17 on the standards 18 form eccentric

parallel bearings for the spacer and for the-

shaft.

The action of the machine when used as a
motor is as follows: The gas, steam, or other
fluid or liquid enters by the opening 19 into
the annular space 20 and from thence by the
openings 21into the chamber 10 of the hollow
shaft 8 and then by the port 12 into the space
22 between the spacer or cylinder and the pis-
ton. If the fluid is under pressure and the
machine works as an engine.or motor, then it
exerts a pressure onthe surfaceof the spacer
confined by the limitations 3 3 and exerts a
counter-pressure on the part of the piston-
surface between the said limitations bearing

thereon. As thelarger portion of the piston-
surface exposed to the pressurelies below the
axis of the shaft 8, the pressure fluid will
cause the piston to turn in the direction of the
arrow, and the spacer 2 will in. consequence
of the geared surface 7 intermeshing with the
geared surface 6 of the shaft 8 rofate in the

-same direction. The speeds of rotation of the

piston and of the spacer are in this cardioid
example as two to one. When the piston 1
has made half arevolution in the direction of
the arrow, the partitions 3 are at right angles
to their initial position and cover the ports 12
and 18. If the cardioid piston works asa mo-
tor, it will in this case be on the dead-center
and must be carried along so much farther by
{ts momentum or by outer power (such asa fiy-
wheel) that the ports 12 and 13 are no longer
covered bytheshoes15. When thisposition has
been reached, the pressure fluid can enter the
space 23 by the port 12. Then the mean pres-
sure exerted on the piston is tangential to the
axis of rotation of the shaft 8and the movement
in the direction of the arrow ensues as before.
Assuming that in the beginning of the rota-
tion the space 23 between the spacer 2 and
the piston 1 be filled with a fluid medium and
that then the aforesaid movement of the parts
takes place, then the pressure will be pro-
duced in the medium, which will find outlet
through the port 13 into the chamber 11 of
the power-shaft 8, thenee through the open-
ings 24 into the annular space 25, finally ex-
hausting through the opening 26 in the sup-
port 18.

Having thus described the nature of my in-
vention and set forth a construction embody-
ing the same, what I claim as new, and desire
o secure by Letters Patent of the United
States, is—

1. A mechanical movement characterized
by two elements caused to rotate in like di-
rection upon separate parallel and position-
ally - fixed axes at a correlatively constant
speed ratio whose lowest integral terms are
consecutive numbers, there being a point lo-

cated upon one element and moving in a ¢y-

cloidal path upon the other element.

2. A mechanical movement characterized
by two elements caused to rotate in like di-
rection upon separate parallel and position-
ally - fixed axes at a correlatively constant
speed ratio whose lowest integral terms are
consecutive numbers, there being a plurality

of points located upon one element and at

equiradial distances from and equiangular
positions around its axis and in number equal

“to the lowest integral speed-ratio term of the

other element, and each moving in a cycloidal
path thereon which is the common path of all.

3. A mechanical movement characterized
by two elements rotating in the same diree-
tion around separate parallel and position-
ally-fixed axes at speeds, which, when they
are reduced by a common divisor to the low-
est term expressible by whole numbers (which
may be termed the integral speed numbers)
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will differ by one or unity, any point in the ! said two or

element of lower speed then describing a cir-
cle around itsown axis and an epicycloid rela-
tively to the element of higher speed, and an y
point in the element of higher speed describ-
ing a circle around its own axis and a hypo-
cycloid relatively to the element of lower
speed, there being two or more points in one
of the said circles which may occupy equi-
distant positions therein and move in a ey-
cloidal curve which is the common path of

731,283

more points when the number of
points in that element is equal to the integral
speed number of the other element.

In testimony whereof I have signed my 15
name to this specification, in the presence of
two subscribing witnesses, this 9th day of
January, A. D. 1902.

JOHN F. COOLEY.

Witnesses:

A. L. MESSER,
J. 8. RUSK.




