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AI—‘PARATUS FDR CONVERTING RGTARY
MﬂTlDN TO A RECI‘ILINEAR FORCE

BACKGRDUND E’tF THE INVENTI{}N

The present mventlun rélates to a device for convert-

| mg rotary motion to z rectilinear force.

Eccentrlcaﬂy unbalanced rotating devices haye been
-used 1in the past to. lmpact rectilinear movement to an

2

Accnrdmgly 1t 18 the principal objective of the pres-

-ent invention to provide a method for conv crtmg mtar}?

. mntlmn {0 a rectilinear force:

5

10

' object: However, the prior art devices of this type have
- used an external restraint to blas the effect of the unbal-

anced force'to gener&te movement in a patticalar direc-
tion rather than biasing the force iself. Typical of these
| dewces is Dall, US.. Pat 'No. 2,639,777, where the
biasing force is friction created by the wheels of a car.

- Asa'result the | prior. art devices thhts r:!ass are neces-
sarlly limited. to an environment where restraining

means can be appl:ed to prevent movement inall but. the

* desired direction, This limitation i is undrsmrabie in many

applications, h{}wevﬂr, it is most nutu:f:able in a free

‘space application.. -

In addition the ; ]}HDI‘ art s:lewces are very mefficlent as

..'much ‘of. the anergy gﬂnera.ted is disslpatﬁd to the re-
stramt . S -

SUMMARY OF- THE INVENT IDN

The preserit. mventmn pro wdes a rnel;h{}d for-convert-
' ing the energy-of a rotating power source by using it to
drive:an EEGEIIH‘ICHH}F unbalanced ﬂywheel at a cycli-

" cally vatying rate of speed thereb},r generatm ga I"E:E:tl—_

' -lmear fnrce

. The apparatus .used . for. accnmphshmg this method
_comprises. & cam-.element - which 'is attached to. the 35
‘ably mounted on the frame, in bearings 12, is a shaft 14

' power source’ for rotation at a constant rate of speed
~about an nutput axis, with the face of the cam element
bemg oriented perpendlcu]ar to'-the -output axis and

. mwardly extendmg pin arranged for engagerment with

| the slot is- rntatably mounted opposite the cam element

‘on.an, mput axis which is paralle] with but offset from
- -the’ ontput axis. Accnrdlngly, as’the cam element and
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It is a-further object of the present.invention o pro-
vide.an apparatus for accomplishing this method.

1t is a still further object of the present invention to
provide such an apparatus which is of simplified con-
struction for economical manufacture and which is of
rugged design for long life.

The foregoing objectives, features and advantdgea of
the present invention wiil be more readily understood
upon consideration of the fDI]Dwmg detailed description

-of the invention taken in conjunction with lhe accompa-

nymg drawings.
" BRIEF DESCRIPTION OF THE DRAWINGS

. FIG.1lisan end elevational view showing a preferred
embediment of the apparatus of the present invention.

- FIG. 2 is a fragmentary side elevational view of the

apparatus of FIG, 1. |
- FIG. 315 a sectional view, at.an enlarged scale, taken
along line 3—3 of FIG, 1.

FIG. 415 a graph shc}wmg npemtmnaf characteristics

" of the invention..
- 23

FIG.5isa dlagrammahc view qhuwmg the operation
of-the invention. |
FIG. 6 is a diagrammatic view showing the operation
of another embodiment of the invention employing

muliiple dpparatus, | -

I)ETAILED DESCRIPTIIDN OF THE
' INVENTION

- Referrmg to FIGS 1 and 2 of the drawings, the appa-

o _cnniammg a dmmetnc slot. A cam follower; having an

. follower are rotated, the pin is cyclically moved radi-

: ally. inwardly and’ outwardly ‘in the slot between por-
tions ‘having" respectively lower  and higher surface

1

~Sincé the: unbalance fDlCE creatf:d by the eccentrt-

| '_-:fcallj,r wmghted flywheel is pmportmna] to its rotational -
- speed; the inbalance forcé is: greater over that portion -
 :of-the rotationdl cycle hawng the hlghf:r rotational *
[ speéd. Asa ‘resulf a force inbilance s created which is
" " biased mward the h1gher speed portion of the flywheel, .

“and'by’ changmg the angular relatmnahlp of the input

45

- speeds, and thus the' rotational speed of the cam fol-
" lower correspongdingly varies.

ratus of the present.invention includes a frame 10 which

supports the operative elements of the apparatus. Rotat-

which has a Iarge flywheel 16 mounted on its extremity.
The flywheel in turn mounts an eccentric wei _ght 18 on
its face with the weight being slidable radially in tracks
20 and attachable to the flywheel at any desired location

by means such as bolt 22. However, if desired the man-
‘wal’ -means shown for positioning the weight can be

replaced by antomated means (not shown), thereby

allowing the weight (o be. pnsﬁmnad while the flywheel
1is rotating.-

"Due to the size ch the ﬂywhe&l shaﬂ 14 is raised
abnve the surface upon which frame 10 is positicned

_'and is driven by an -output shaft 24 through a chain

55 34, which is motnted to the frame by means of a plat-

-"axis with respect to’ the output axis, the dlrectmn of this

S y :'_bms cdn be chatiged as desired.

. In ong embodiment of the mventmn ﬂ:mr c:«f the appa-

_them havmg their ﬂywheelq rotating in opposite direc-

...+ ratus are motinted on a ‘commat platfﬂrm with two of - -

. 60.
- tions abouit a first axis and -two.of them. having: their .

flywheels rotating in opposite directions about a second

| -Engme speed and- the relative orientation of..the input

- axis. with Tespect to the outpuf axis“of each apparatus

_mdependently, the platfﬂrm can be mnved 1in an}r de-

o --'.'='-‘-1lred manner

| : | axis whmh 18’ perpendicular. o dnd cﬂplaner with the |
L ﬁrst axis. In this: orientation, by propeﬂy controlling the:
' 65 a

drive 26. Shaft 24 is journaled in bearings 28 which are
shown as being mounted on frame 10 below bearings 12,

-Mounted on the extremity of shaft 24 is a cam follower

30 which has an ontwardly facing pin 32 located on it,
" parallel with but offset from its axis of rotation “A™,

. ‘The. ﬂywheel 1s driven by drive means, such as motor

‘form’ 36. If desired, speed control means (not shown)

can be included to control the rotational speed of the
motor. The motor is connected to an input shafi 38 by

_me.ms of a pulley drive 40. Shaft 38 is rotatable in bear-
ings 41 about an input axis*'B"” which is paralle! to and -

offset from outpitt axis “A”. Located at the extremity of

“shaft 38, adj Jacent to-cam follower 30, is'a cam element
-42 which has a diamétric slot 44 configured to slidably
" engage pin.32. THe cam element and cam follower are
arranged so that.pin 32 remains in slot 44 when the cam-

- members dre rotated by motor 34 even though their
- regpective axes are offsef,” which will occur when the
- length of slot 44 is at least twice as great as the distance
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between axes “A’ and "B plus the distance pin 32 is
oftset from axis “A”.

Platform 36 which mounts motor 34 and bearings 41
15 rotatably movable with respect to frame 10 by means

of linkages 46 upon displacement of control arm 48, It
should be noted, however, that the manual control

means shown could be replaced by an automated sys-
tem for remote rotation of platform 36. Accordingly, by
rotating platform 36 the relative angular orientation of
axis A" with respect to axis “B” can be altered.

When motor 3 is operated, shaft 38, and thus cam 42,
is rotated at a constant speed. As cam ¢lement 42 rotates
the interaction of pin 32 in slot 44 causes cam follower
30 to rotate also. However, since output axis “A”, about
which cam follower 30 rotates on shafi 24, is offset from
input axis “B”, upon which cam element 42 rotates on
shaft 38, cam follower 30 and shaft 24 do not rotate at a
constant rate of speed. Referring to FIG. 3, as cam
follower 30 is rotated pin 32 moves radially inwardly
and outwardly in slot 44 due to the offset of axes “A”
and **B”. Ac¢cordingly, its tangential speed is increased
and decreased as it travels between portions of the cam
element having respectively higher or lower surface
speeds. Therefore the rotational speed of cam follower
30 varies cyclically during its rotation.

This result is shown graphically in FIG. 4, where cam
glement 42 is illustrated as being rotated at a constant
1000 R.P.M. At thai portion of the rotational cycle
where pin 32 18 located radially most inwardly in slot
44, angle X, the speed of cam follower 30 is slower than
that of cam element 42, and at that portion of the rota.
tional cycle where pin 32 is located radially most out-
wardly in slot 44, angle Y, the speed of cam follower 30
is faster than that of cam element 42.

Since an eccentrically unbalanced wheel imparts an
unbalanced force to its supporting structare which is
proportional to the amount of unbalance and the speed
at which it is rotated, the unbalance force becomes
biased in the present invention due to the variation of
rotational speed imparted to flywheel 16 through chain
drive 26. Accordingly the device is urged toward the
direction of unbalance, which lies in that portion of the
rotational cycle having the increased speed as shown by
~ the arrow 1n FIG. 3. _
In addition, by changing the relative angular dis-
placement of axis “A™ with respect to axis *B”, the
direction at which the unbalance is oriented can be
changed. While the linkage shown only allows only
180° of axis displacement, a similar system having 360°
of travel could be utilized if desired. Also, as noted,
automated conirol means could be provided for this
purpose. Accordingly as shown diagrammatically in
FIG. 5, the force imparted to the apparatus can be ori-
ented in any desired direction in the plane of flywheel
rotation.

Further ©1 will be noted that the magnitude of the
unbalanced force thus created can be varied by etther
varyiag the speed of motor 34 or by varymg the radial
position of weight 18 on {lywheel 16. Accordingly by
providing automated contrals for these functions in
addition to controlling the aforementioned angular rela-
tionship, the device can be conirolled to any degree
desired. -

Referring to FIG. 6, {four of the apparatus 50 are
shown mounted on a platform 52 with two of them
being oriented so that their flywheels rotate in opposite
directions about a first axis and two of them being ori-
ented so that their flywheels rotate in opposite direc-

10

13

20

25

30

33

40

45

50

33

63

4

tions about a second axis which is perpendicular to and
coplaner with the first axis. In this orientation by prop-
erly controlling engine speed, weight location and the
relative orientations of axis “A” with respect to axis

“B", the platform can be moved in any desired direc-
tion, either linearly or rotationally, at any speed within
the power capabilities of the motors, Thus an opera-
tional platform having complete navigational freedom
is provided.

The terms and expressions which have been em-
ployed in the foregoing abstract and specification are
used therein as terms of description and not of limita-
tion, and there 1s no intention, in the use of such terms
and expressions, of excluding equivalents of the features
shown and described or portions thereof, it being recog-
mzed that the scope of the invention is defined and
limited only by the claims which foliow.

What is claimed 1s:

1. Apparatus for converting rotary motion to a recti-
linear force, comprising:

(a) drive means for providing a rotary power output

having a constant rotational speed;

(b) an eccentrically unbalanced flywheel arranged for
veing rotatingly driven by said drive means;

(c) cam mechanism means, inferconnecting said drive
means and satd flywheel, for rotating said flywheel
such that for each rotation of said drive means said
flywheel first makes a portion of a revolation at a
rotational speed which is greater than said constant
rotational speed and then completes said revolution
at an average rotational speed which is less then
said constant rotational speed; and

(d) alignment means associated with said cam mecha-
nism means, for varymg the angular position of said
flvwheel at whtch said portion of & revolution, at a
rotational speed which is greater than said constant
rotational speed, begins. '

2. The apparatus of ciaim 1 wherein said cam mecha-

Mism means Coimprises: .

(a) a cam element, connecied to said drive means, and
rotatable thereby about an input axis;

(b} said cam element having a planar face oriented
perpendicular to said input axis, and having an
elongate slot extending diametrically across said
face:

(c) a cam follower connected to said flywheel, said
cam follower being rotatable about an output axis
which is parallel with but offset from said input
axis:

(d) a pin, configured for shding Hit within said slot,
located on said cam follower and extending there-
from parallel with but offset from said output axis:

(e) sald cam element and cam follower being ar-
ranged with respect to one another with said pin
being in-engagement with said slot and remaining
in such engagement during rotation; and

() said alignment means including means for moving
sald input axis relafive to said cutput axis in a non-
radia! direction with respect to said cutput axis,

3. The apparatus of claim 2 wherein said slot has a
longitudinal extent which is at least twice as great as the
amount of offset between said input axis and satd output
axis plus the amount of offset between said pin and said
output axis. ' -

4. The apparatus of claim 2 wherein said cam clement
and said cam follower are mounted on separate plat-
forms, and said alignment means comprises a linkage
arranged for moving one of said platforms with respeci
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to the other of said platforms in a manner to change the
angular p-:-sﬂmn of said input axis with respect t-:) said
output axis.
| >, The appﬂratus of claim 4 including control mcans
- associated with said linkage. for selectwe]y ﬂrrangmg
the angular position of said axes.
6. A platform having ai least four of the apparatiis of
claim 1 mounted thereon, said apparatus being oriented

so that at least two have their respective flywheels |

rotating in -:}ppmltﬁ directions about a first axis of said
P latform, and ‘at least two have their respective

0

flywheeis rotatin g in ﬂppnmte dlrectmns about a setond

15

20

6

axis of said platform, said first and second axes being
perpendicular to and coplanar with each oiher.
7. The apparatus of claim 1 including speed control

means associated with said drive means for selectively

vatying the rotational speed thereof.

8. The apparatus of claim 1 including a weight slid-
ably mounied on satd flywheel so as to cause its eccen-
tricity.

9. The. apparatus of claim 8 including locating means

for selectively positioning said weight on said fivwheel

so as to control the amount of its eccentricity.
' * ok ok ok %k '
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