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The invention described herein may be manufactured

‘ahd used by or for the Governient of thé United States of
America for governmiental purposés without the pay-
ment of any royalties thereon or therefor.
. 'This invention relates to devices for changing rotation
into angular oscillation and more particularly to multi-
lobed cams having two-legged followers miaking double
‘contact with the camas.

The familiar Scotch yoke mechanism converts uniform
Totation into sinusoidal oscillation along a ‘straight line
and has a followér ‘making double Contact with an ec-
centrically mounted circular cam. This principle is
utilized ‘to convert rotafion into angular oscillation
in the patent to H. J. Robeér, No. 911,073, patented Febru-
atry 2, 1909,

Heretofore, the use of a convex multilobed cam with
a two-legged angular follower, each leg of which makes
and iaintains contact with the cam at all tires has 1ot
been known. The multilobed cams of this invention
coact with a -follower having angularly disposed legs,

‘the inner surfaces of which are substantially flat, and

which surfaces dre always maintained in contact with the
contour of the cam. By virtue of this double contact
the follower is positively oscillated by said cam.

1In the prior art, contact between mulfilobed cams and
a single contact follower has been maintained by use of
springs or the like. Rollers have been utilized on the
follower to replace sharp point contaét with the surface
of the cam. The cams and followers of this invention
have the advantage over the prior art in that the cam
positively drives the follower at all times, and there is,
therefore, no possibility of vibration such as may re-
sult when the contact bétween the cam and the follower
is maintained by a spring. Further, since the contours of
the cams of this invention, during the course of a com-
plete revolution, directly contact a large portion of the
substantially flat planar faces of the two legs of the fol-
lower, the wearing of the surfaces of the followers is
greatly reduced as compared with the wear which re-
sults from the concentration of loads on the relatively
small pintle of a roller.

It is, therefore, an object of this invention to provide
a device for converting rotation info angilar oscillation.

It is a further object of this invention ‘to provide a
multilobed cam and a two-legged follower which follower
makes double contact at all times with the contour of the
cam,

it is an additional objéct of this invention to provide
a family of convex multilobed cams ‘making double con-
tact at all times with the angularly disposed legs of a
family of cam followers.

It is ‘a further object of this invention to provide a
double contact substantially plane-faced followsr driven
by a convex multilobed cam so that the follower os-
cillates angularly about its axis of escillation, or its pivot.

Still another object of this invention is to provide a
cam and double contact follower of rigid construction,
so consfructed and arranged that any desired integral
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number of angular oscillations may be imparted to the
follower for each revolution of the cam.

Other objects -of this invention will be apparent from
a consideration of the following specification when con-
sidered in connection with the -annexed drawings in
which: .

Fig. 1 shows diagrammatically one form of a cam ahd
double contact follower;
. Fig. 2 shows an elevation of a cam of a more general
form ‘and its follower; , -

Fig. 3 shows an elevation of a two-Iobed cim ‘of a
simpler form and its follower; L i

Fig. 4 shows an elevation of a three-lobed ¢am and ts
follower and

Fig. 5 shows an elevation of a four-lobed cam and its
follower. )

Referring now 1o thé drawings wherein like refererice
characters designate like or corresponding parts through-
‘out the several views, there is shown in Fig. 1 a diagram-
matic illustration of a_multilobed cam and double con-
tact follower which forms the subject of this invention.

It can be shown mathematically that the only angles
« (expressed in radians) which can be used for double
contact cam followers of this invention are defined by
thé equation
) a=x(l—a/b)

where a/b is a proper fraction in its lowest terms and
where a is odd. The contours of the surfaces of the
multilobed cams of this invention may have a wide
variety of shapes, the most general of which ‘may be de-
scribed by an equation ‘of the form

(2) arccos p(6) + arccos p(6-¢-w/b)=mwra/b

where, referrinig to Fig. 1, O is the origin for Cartesian
coordinates X and Y, tangents T and F are a diagram-
‘matic illustration of a two-legged follower, C-is a dia-
gramnatic ‘illusiration ‘of the contour of a multilobed
cam D, and p(8) is the distance from the origin O ‘to
ling T which is tangent to the contour C of the cam D
and infersects the X axis at an angle equal to 4. The

distance from the center of rotation or origin O of

the cam D to the center of oscillation O’ of the follower
F is taken as unity. The distance p(8) from the origin
O to the line T may vary in an arbitrary way in the
intervil from 9=0 to 6=n/b. Equation 2 then ‘de-
fines the distance p(¢) from the origin to the line T in
the interval from 6==/b to 6=2x/b and similarly for
all other intervals around the circumference of the ‘cam.
For a practical contour it is necessary to preserve the

‘continnity of p(8), and to insure convexity it is neces-

sary that the carvature of the surface, which is equal

to p(8)+p” (6), where "’ indicates the second derivative,

be greater than zero at every point on the contour. To
avoid sharp points the first derivative of p(9) must also
be continuous. With respect to the contours of the cams
of this invention, it is not necessary that the second
derivative be continuous for all values of ¢.

Referring now to Fig, 2, there is illustrated a cifm il
whose contour 12 satisfies Equation 2. In this instance
a=1 and b=2. The angle «, determined by legs 13
and 14 of follower 15 is then determined by Equa-
tion 1

a=nr(1=1)=nr/2=90°

. Segments 16 and 17 of contour 12 are determined by
the points of intersection 18 and 19 betwsen contonr
12 and a coordinate axis 2@ through axis of rotation 22
of cam 11, The curve which describes the contour of
segment 16 is any arbitrary convex curve which satisfies
Equation 2. Segment 17 is then mads identical to seg-
ment 16. In other words contour 12 of cam 11 is mada
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up of a whole number of identical portions, or segments;
which repeat periodically.

One of -the simplest families' of cams of this type is
described by the equation '

(3) p{0) =cos (za/2b--¢ cos b) -

where ¢ is a constant angle arbitrarily taken small enough
to insure the convexity of the curve. In this case the
value of ¢ must satisfy the equation

(4) cot g%—¢>—¢b2>o

For example, contour 36 of cam 31 of Fig. 3 is obtained
“when a=1, b=2, and $=18°. The range of values that

¢ may take in this case is from ¢>0 to ¢<90°. The *

angle « is then determined by the equation
a=r(1—-%)=90°

Three-lobed contour 5¢ of cam 51, Fig. 4, is obtained
when a=1, b=3, and $=10°. The range of values that
¢ may take in this case is from ¢>0 to $<<30°. The angle
o determined by the legs of the follower is found from the
equaticn

a=m{1—15)=120°

Four-lobed contour 78 of cam 71 shown in Fig. 5 is ob-
tained when b=4, g=3 and ¢=1° 30’. The range of
values that ¢ may take in this case is from ¢>0 to ¢<1°
36’. The angle « determined by the two legs of the fol-
lower is found from the equation

g=w(1—3%4)=45°

Referring to the cam 11 of Fig. 2, the most general
case, the contour 12 is a periodic curve, that is, it is made
np of a whole number of ideatical portions. Similarly
contours 35, 59, and 78 of cam 31, 51 and 71 of Figs.
3, 4 and 5 are periodic-curves. * In addition the contours

_of cams 31, 51 and 71 have two or more axes of sym-
metry. It should be noted in the simpler cases, that there
are as many lobes as there are axes of symmetry.” The
cam 11 of Fig. 2, however, has no axis of symmetry.
Thus it can be seen that contours of the cams of this in-
vention are periodic curves. Contours of the more general
case, such -as will satisfy Equation 2, need not be sym-
metric about any axis, while contours of the more simple
case, which satisfy Equation 3, are symmetric about a
number of axes equal to the number of lobes formed by
the contour of the cam.

Referring again to Fig. 2, in which there is shown one

form of the invention, cam 11 is mounted on a pivot 21 *

so as to rotate about its axis of rotation 22 which is also
the axis of pivot 21. Pivot 21 comprises means for
mounting cam 11 and for imparting rotation to cam 11
from a power source which is not illustrated. A follower

15 mounted on 2 pivot 23 has angularly extending legs 13 °

and 14, whose interior faces 24 and 25 are substantiaily
flat planes disposed at an angle, «, of $0°, as explained
above, and with the planes determining said faces inter-
secting at axis of oscillation 26 of follower 15 which is
also the axis of pivot 23. Pivet 23 comprises means for
applying the oscillaticn of follower 15 to a load which is
not illustrated. The distance between axis of rotation 22
and axis of oscillation 26 is fixed so that the faces 24 and
%5 of the legs 13 and 14 always contact the contour 12
of cam 31. In the position illustrated the faces 24 and 25
contact contour 12 at points 27 and 28. In the embodi-
ment iliustrated the spacial relationship between axis of
rotation 22 and axis of oscillation 248 is also fixed so that
rotation of cam 31 will cause follower 15 to oscillate.

Rotation of cam 1% through 180° about axis of rotation 7

22 will cause follower 15 to execute one complete angular
oscillation about axis 26. An additional rotation of cam
11 through 180° will cause follower 15 to execute a sec-
ond complete angular oscillation. As cam 11 rotates, the
points of contact, which are always maintained between
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the faces 24 and 25 of follower 15 and contour 12 of cam
11, will move along faces 24 and 25, whereby, the wear-
ing of these faces due to friction and pressure is not con-
centrated, thus contributing to a longer trouble-free period
of operation of the device. .

In Fig. 3 there is shown another form of the invention.
The elliptical cam 31 has two lobes, 32 and 33 respectively,
two axes of symmetry, and an axis of rotation 35 which is
also the axis of pivot 36. Pivot 36 comprises means for
mounting said cam 31 and for imparting rotation to the
cam 37 from a power source which is not illustrated. Fol-
lower 37 mounted on a pivot 38 has an angularly extend-
ing legs 3% and 40, the interior faces 41 and 42 thereof,
being substantially flat planes disposed at an angle of
90°, as explained above, and with the planes determining
said faces intersecting at the axis of oscillation 43 which
is also the axis of pivot 38. Pivot 38 comprises means
for applying the oscillation of follower 37 to a load which
is not illustrated. The distance between axis of rotation
35 and axis of oscillation 43 is fixed so that the faces 41
and 42 of legs 39 and 40 always contact the contour 30
of the cam 31. In the position illustrated, the faces 41-
and 42 contact.contour 38 at points 45 and 46, respec-
tively. The spacial relationship between axis of rotation
35 and axis of oscillation 43 is also fixed so that rotation
of cam 31 will cause follower 37 to oscillate. Rotation of
cam 3% through 180° about its axis of rotation 35 will
cause follower 37 to move angularly to the two extreme
positions shown in the dotted lines and return to the po-
sition shown in the solid lines. An additional 180° of
rotation of cam 11 will result in an additional complete
angular osciilation of follower 37 about its axis of oscil-
lation 43. ) :

In Fig. 4 there is illustrated a three-lobed cam 51. The
cam 51 has three lobes 52, 53 and 54 and is mounnted for
rotation about an axis of rotation 55 which is also the
axis of pivot 56. Pivot 56 comprises means for mounting
cam 51 and for imparting rotation to said cam from a
power source which is not illustrated. A follower 57 is
mounted for oscillation about an axis of osciliation 58
which is also the axis of pivot 59 with which the followet
57 oscillates. Pivot 59 comprises means for applying the
oscillations of the follower to a load which is not shown.
Angularly disposed legs 60 and 61 of follower 57 have
substantially flat planar interior faces 62 and 63. The dis-
tance between axis of rotation 55 and axis of oscillation
38 is fixed so that the faces 62 and 63 of legs 69 and 61
will always contact the contour 56 of cam 51. - In the po-
sition illustrated, faces 62 and 63 contact contour 5¢ at
points 64 and 65. The interior faces of the follower sub-
tend an angle of 120°, as explained above, the apex of
the angle coinciding with the axis of oscillation 58. The
spacial relationship between axis of rotation 55 and axis
of osciliation 38 is fixed so that rotation of cam 51 will
cause follower 57 to oscillate. Rotation of cam 51
through 120° will result in one complete oscillation of
follower 57; hence rotation through 360° will result in
three complete oscillations of the follower about its center
of oscillation. '

In Fig. 5 there is disclosed a four-lobed cam 7%. The
cam 71 has lobes 72, 73, 74 and 75 and is mounted for
rotation about an axis of rotation 76 which is also the
axis of pivot 77. Pivot 77 comprises means for mount-
ing cam 71 and for imparting rotation to the cam from 2
power source which is not illustrated. A follower 78 has
angularly disposed legs 79 and 88, the interjor, substan-
tially planar surfaces 81 and 82 of said legs, subtending an
angle of 45° as explained above, and the apex of the
angle coinciding with the axis of oscillation 83 of the fol-
lower 78. The axis of oscillation 83 is also the axis of
a pivot 84 which pivoi comprises means for applying the
oscillation of follower 78 to a load which is not illus-
trated. The distance between axis of rotaticn 76 and axis
of oscillation 83 is fixed so that the inner surfaces 81 and
82 of the legs of the follower 78 always contact the sur-
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faces of the contour 78 of cam 71. In the position illus-
trated, faces 81 and 82 contact contour 70 at points 85
and 8§6. The spacial relationship between axis of rotation
76 and axis of osciilation is fixed so that rotation of cam
71 will cause follower 78 to oscillate. The turning of
cam 71 through 360° will, of course, cause the follower
78 to execute four complete oscillations.

In the explanation of the operation of the embodiments
illustrated it has been assumed that the cam rotates to os-
cillate its associated follower. It is of course obvious that
the cam may be held stationary and the axis of oscillation
of the follower rotated around said cam to cause the fol-
lower to oscillate. Furthermore there may be limited
movement of the axis of oscillation of the follower when
the cam is rotated. It is only essential that the distance
between the two axis be maintained constant or fixed.

Obviously, many modifications and variations are pos-
sible in the light of the above teachings. It is, therefore,
understood that within the scope of the appended claims,
the invention may be practiced otherwise than as specifical-
1y described.

‘What is claimed is:

1. In combination, a convex multilobed cam having
an axis of rotation, the contour of said cam being a
periedic curve, means mounting said cam for rotation
about its axis of rotation, a two-legged follower having
an axis of oscillation, the legs of said follower having
substantially plane interior faces, the planes determining
said faces intersecting at said axis of oscillation, and
means mounting said follower for oscillation about its
axis of oscillation, the contour of the cam, the angular
relationship of said plane interior faces and the spacial
relationship between the axis of rotation and the axis of
osciliation being such that the substantially plane face of
each leg of the follower contacts the contour of the cam
throughout a complete revolution of said cam, whereby
the follower oscillates about its axis of oscillation when
the cam is rotated abouit its axis of rotation.

2. A device for changing rotation into cscillaticn com-
prising a cam having an axis of rotation; the contour of
said cam being substantially described by an equation
of the form

p(6+47m/b)y=ma/b

the axis of rotation being the origin of a set of Cartesian
cocrdinates for the equation, p(#) being the distance from
the crigin to any line tangent to the contour of the cam,
¢ being the angle the line makes with one of said coordi-
nates a/b being a proper fraction and ¢ being odd; means
mounting said cam for rotation about its axis of rotation,

arccos p(9)--arccos
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a cam follower having an axis of osciliation and two legs,
the inner surfaces of said legs defining substantially flat
planes, said planes intersecting at said axis of oscillation
and defining an angle « determined by an equation of
the form

a=x(1—a/b)

and means mounting said follower for oscillation about its
axis of oscillation, the means for mounting said cam ard
said follower being located so that the innmer surface of
each leg of the follower contacts the contour of said cam.

3. A device for changing rotation into oscillation com-
prising a cam having an axis of rotation; the contour of
said cam being substantially described by an equation of
the form

p(8)=cos(ra/2b-+¢ cos o)

the axis of rotation being the origin of a set of Cartesian
coordinates for the equation, p(#) being the distance from
the origin to any line tangent to the contour of the cam,
g being the angle the line makes with one of said coordi-
nates a/b being a proper fraction, and a being odd, ¢ hav-
ing a value which satisfies the equation

cot —;‘%— ¢) —g¢b? >0

means mounting said cam for rotation about its axis of
rotation, a cam follower having a fixed axis of oscillation
and two legs, the inner surfaces of said legs defining sub-
stantially flat planes, said planes intersecting at the said
axis of oscillation and defining an angle « determined by
an equation of the form

a=x{l—a/b)

and means mounting said follower for oscillation about
its axis of oscillation, the inner surface of each leg of said
follower contacting the contour of said cam.

4. The device as claimed in claim 3 in which a=1,
b=2, and the value of ¢ is in the range of ¢>0 to ¢<<90°.

5. The device as claimed in claim 3 in which a=1,
b=3 and the value of ¢ is the range of ¢>>0 0 ¢<<30°.

6. The device as claimed in claim 3 in which a=3,
b=4 and the value of ¢ is in the range of >0 to p<7°36".
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