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APPARATUS FOR ACTUATING A LIMIT
CONTROL ELEMENT

This patent application is a division of U.S. applica-
tion Ser. No. 567,172, filed July 22, 1966 now U.S. Pat.
No. 3546954, issued Dec. 15, 1970.

This invention relates to electrical switching devices;
more particularly, this invention relates to electrical
limit switches and means for mechanically actuating
such limit switches.

A limit switch typically is used to stop a mechanical
movement by turning off the energization to a motor
calsing the movement when the movement has
proceeded as far as is desired. For example, the switch
often is positioned near a machine to limit the move-
ment of a cutting tool. The limit switch usually has an
actuating arm or plunger with a roller on it. When a
machine component contacts the roller and depresses
the plunger or rotates the arm, this mechanical move-
ment opens or closes an electrical switch so as to stop
the movement of the machine component.

One problem with such prior limit switches is that the
orientation of the actuating arm or plunger cannot easi-
ly be changed so as to properly engage machine com-
ponents moving at various different angles. As a result,
often it is necessary for the user of such switches to
maintain a variety of different mounting brackets for
mounting the switches, each bracket providing a dif-
ferent fixed angle for the actuating member. Further-
more, considerable labor is required in changing the
brackets. Additionally, the provision of a variety of
brackets does not provide infinite variability of position
of the actuating arm. If a particular angular orientation
is desired and a “standard” bracket is not suitable, a
special bracket must be made at great cost.

One partial solution for the above problem which has
been proposed is to make the switch mechanism in two
parts, a switch housing and a ““head” portion mounted
on top of the housing with the actuating arm attached
to the head portion. By loosening several mounting
screws, turning the head with respect to the housing,
and again tightening the mounting screws, the actuat-
ing member can be positioned in any one of four angu-
lar positions spaced 90° from one another. However,
the provision of these four positions does not solve the
problem because many other angular positions often
are desired. Furthermore, the adjustment of the head
position is time-consuming and costly. Also, multiple
types of brackets often still must be maintained by the
user in order to provide sufficient variability of the ad-
justment angle.

Accordingly, one object of the present invention is to
provide a switching device with a switch actuating
member infinitely positionable angularly with respect
to the mounting structure of the device. It is another
object of the present invention to provide such a device
which is quickly and easily positionable with great ac-
curacy, and which can be adjusted without disassem-
bling the switch. It is a further object of the invention to
provide such a device which is relatively simple to con-
struct, reliable in operation, and inexpensive to manu-
facture. )

Another problem is met in using the type of limit
switch having a rotatable arm for an actuating member.
This problem is that often it is desired to change the
direction in which the arm is to be rotated in order to
operate the switch. That is, in some uses it is desired to
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have the arm operate the switch only when the arm is
rotated in a clockwise direction. In other instances, it is
desired to have the arm operate the switch only when
the arm is rotated in a counterclockwise direction. In
still other uses of the switch, it is desired to have the
arm operate the switch both when it is rotated
clockwise and when it is rotated counterclockwise.

Prior art limit switches have provided a certain
amount of variability of the actuation direction. How-
ever, the amount of effort required to change the ac-
tuation direction has been considerable, and it is be-
lieved that all three of the above-described modes of
operation have not been provided in any one practical
device.

Accordingly, it is another object of the present in-
vention to provide switching device with a rotatable ac-
tuating arm, the device being capable of being adjusted
easily and simply to vary the direction of switch actua-
tion, and can be adjusted to provide all three of the
above-described modes of operation. It is another ob-
ject of the present invention to provide such a device
whose actuating arm is infinitely positionable angularly
with respect to the support member of the device, and
to provide a simple, reliable and versatile limit switch.

Other object and advantages of the present invention
will be pointed out in or apparent from the following
description and drawings.

In the drawings:

FIG. 1 is a front elevation view of a preferred em-
bodiment of the invention;

FIG. 2 is a partially broken-away cross-sectional view
taken along line 2—2 of FIG. 1;

FIG. 3 is a perspective view of several of the com-
ponents of the structure shown inFIGS. 1and 2;

FIG. 4 is an enlarged, partially broken-away view of a
portion of the structure shown in FIGS. 1 through 3;

FIG. § is a cross-sectional view taken along line 5—5
of FIG. 4;

FIG. 6 is a cross-sectional view taken along line 6—6
of FIG. 4; and

FIG. 7 is a cross-sectional view taken along line 7—7
of FIG. 2.

FIGS. 1 and 2 show a limit switch 10 including a
switch housing 12, a cam housing or “head” 14
rotatably mounted on the switch housing 12, a cam
shaft 16 rotatably mounted in the head 14, and an ac-
tuating arm 18 secured to the shaft 16. The actuating
arm 18 has a roller 20 mounted at its outermost end.
Two cams 22 and 24 are mounted on shaft 16 and en-
gage a cam follower rod 26. Cam follower rod 26 en-
gages a spring-biased switch switch button 28 of a con-
ventional snap-acting switch 30 which is mounted in
the switch housing 12.

Briefly, the switch 10 operates as follows: The physi-
cal object whose motion is to be limited moves into
contact with the roller 20 and rotates the arm 18 and
shaft 16 either clockwise or counterclockwise from a
neutral starting position. The rotation of shaft 16
rotates cams 22 and 24, thus causing the cam follower
rod 26 to be pushed downwardly against the switch but-
ton 28 of switch 30. The depression of button 28 causes
the contacts of the switch 30 to snap open or shut.
When the physical object moves away from the roller
20, the arm 18 returns to its neutral position under the
influence of a spring return mechanism, to be described
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below, and the switch button 28 is returned to its up-
permost position in which the contacts of the switch are
once again in their initial condition.

In accordance with the present invention, the arm
housing or head 114 is rotatably mounted on the switch
housing 12. Head 14 is substantially cylindrical in
shape and has screw threads 32 cut into its lower edge.
As is shown in FIG. 2, a worn gear 34 is rotatably
mounted on a pair of tabs 36 and 38 extending up-
wardly from a recessed portion of the housing 12. The
worm member 34 is held in position by means of a pair
of snap-rings 40 and 42 which are fitted into grooves in
the shaft portion of the worm member 34 near the tabs
36 and 38. The worm gear 34 meshes with the teeth 32
cut in the lower edge of the head 14. Its shaft has
slotted ends (see FIG. 2) so that the worm can be
turned by means of a screw driver. Thus, the angular
position of the head 14 with respect to the housing 12
can be varied infinitely through a full circle merely by
turning the worm 34 with a screw driver. The worm
gear firmly locks the head 14 so that it will not turn
after is have been set to a desired position.

A cover 44 (shown only in FIG. 2) is positioned
around the worm 34 and the threads 32 in order to pro-
tect them from dust and dirt. The cover 44 is marked
with degree markings (not shown) so as to indicate the
relative position of the head 14 with respect to the
switch housing 12. In accordance with the present in-
vention, the slotted ends of the worm shaft are exposed
so that the position of the actuating arm 18 can be ad-
justed from the outside without entering either housing
120r14.

The housing 12 has a pair of mounting holes 46 (see
FIG 1) by means of which it can be mounted on any
convenient support structure. Special mounting
brackets normally are not required because infinite an-
gular adjustment of the arm 18 is provided by the worm
gear 34 and rotatable head 14. Adjustment of the posi-
tion of arm 18 on shaft 16 can be made by loosening a
screw 47 which draws the split lower ends of the arm 18
together and causes the arm to grip the shaft.

A removable front cover plate 48 and a gasket 49 are
secured to the front of the housing 21 by means of a
pair of screws 50. The gasket 49 provides a water, oil
and dirt-tight seal for the cover. A threaded hole 52 is
provided in the bottom of the housing for an electrical
connector to lead wires from the switch 30 to external
electrical circuitry.

Referring now to FIG. 2, the cam head 14 includes a
body portion 54, and a cover 56 and gasket §7 which
are held in place on the body portion 54 by means of
screws (not shown). A horizontal hole is provided into
which the shaft 16 is fitted. This hole is lined with
bearings 58 and 60 against which the shaft 16 rotates.
The body portion 54 has a vertical cylindrical portion
62 which extends downwardly into the housing 12. The
cam follower rod 26 is mounted slidably in a central
hole in the cylindrical portion 62. A snap-ring 64 fits
into a groove near the end of portion 62, and abutts
against the undersides of horizontal ledges 66 (see FIG.
1) through which pass the mounting holes 46 and the
holes for screws 50. The body member 54 has a
downwardly extending annular portion 68 fitted into an
annular recess in the top of the housing 12. The junc-
tion between portion 68 and housing 12 is sealed by
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means of a sealing ring 70, thus providing an impervi-
ous seal. There is relatively tight frictional engagement
at this point between the head 14 and the switch hous-
ing 12. This tends to aid the worm 34 in holding the
head in the position to which it is adjusted.

Referring now to FIGS. 3 through 7, the cams 22 and
24 are mounted on a portion 72 of the shaft 16 which is
of generally triangular cross section, with the points of
the triangle being rounded (see FIG. 5). In accordance
with one advantageous feature of the present invention,
the cams 22 and 24 are identical but are mounted on
the shaft portion 72 in opposed relationship to one
another. Each has an eccentrically located hole shaped
to fit relatively tightly onto the shaft portion 72. Each
cam has a camming portion 74 and an idler portion 76
of smaller diameter than the camming portion 74. The
camming portion 74 depresses the follower 26 when it
contacts the follower, whereas when the “dwell” por-
tion 76 contacts the follower 26, it does not depress the
follower.

As indicated above, the cams 22 and 24 are placed
on the shaft in opposed relationship. That is, the cam
22 is mounted with its cam portion 74 facing outwardly
from the drawing as shown in FIG. 4, whereas the cam
24 is turned around and mounted with its cam portion
facing rearwardly as shown in FIG. 4. '

The shaft 16 is mounted so as to be movable longitu-
dinally in the head 14. It is thus movable to three dif-
ferent positions each of which provides a different
mode of actuation of the switch 30 by the arm 18.
Referring again to FIG. 2, when the shaft 16 is pushed
inwardly in the direction indicated by arrow 78, the
right end of shaft 16 is positioned near the rearmost
portion of the horizontal hole in head 14, and the
rounded, partially conical upper end 79 of cam fol-
lower 26 contacts only cam 22. As a result, the switch
30 is actuated only when the arm 18 is rotated in a
clockwise direction from its portion shown in FIG. 1.
This is because only the engagement of camming por-
tion 74 of cam 22 causes the depression of the cam fol-
lower, and this happens only when the arm 18 is rotated
in a clockwise direction.

Conversely, when the shaft 16 is pulled outwardly to
its outermost position (not shown in the drawings) the
cam follower tip 79 contacts only the cam 24. Since the
camming surface 74 of cam 24 depresses the follower
26 only when the arm 18 rotates in a counterclockwise
direction, the switch 30 is operated only by the coun-
terclockwise and not by the clockwise rotation of arm
18.

The shaft 16 may be moved longitudinally to a third
position located between the innermost and outermost
positions. This position is shown in FIG. 4. When the
shaft 16 is in this position, the tip 79 of cam follower 26
engages the surfaces of both cams 22 and 24. Thus, the
follower 26 is depressed not only when the arm 18 is
rotated clockwise, but also when it is rotated in the
counterclockwise direction.

When a mode of actuation has been selected, it is
desired to lock the shaft 16 in the position selected.
This is accomplished by means of a locking member 80,
which is shown in FIGS. 4 and 6 as well as FIG. 2.
Three longitudinally spaced grooves 82, 84 and 86 are
positioned along the right end of shaft 16. Locking
member 80 has a rectangularly shaped lower portion
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with an approximately centrally located hole 88 with an
extended lower portion of smaller diameter. The right
end of the shaft 16 passes through the hole 8. Locking
member 80 has a pointed upper end portion 90 with a
pointed tip upon which is fitted a button 92, preferably
of plastic and press-fitted onto the pointed end 90. But-
ton 92 moves upwardly and downwardly in a recess 94
in the cover 56 of the head 14. An O-ring seal 96 is pro-
vided to keep the head 14 sealed. A spring 98 is posi-
tioned between the bottom of the recess 94 and the un-
dersurface of the button 92 so as to normally thrust the
locking member 80 upwardly.

When it is desired to shift the shaft 16 inwardly or
outwardly, the button 92 is depressed by the user. This
causes the member 80 to move downwardly out of one
of the slots 82, 84 or 86. Then the shaft 16 is pushed or
pulled inwardly to a new position, the button 92 is
released, and the spring 98 pulls the locking member
80 upwardly into a different one of the grooves 82, 84
or 86. The spring 98 holds the member in the groove
and thus locks it in the position selected.

It can be seen from the foregoing that it is quite easy
to change the actuation mode of the switch 10. The
operator need merely press the button 92, push or pull
the shaft 16 to the desired position, and release the but-
ton. This is a decided advantage over prior devices in
which the shifting is time-consuming and complicated.
Moreover, it provides for three modes of actuation;
clockwise, counterclockwise and a combination of
clockwise and counterclockwise actuation.

It is desired to provide a spring return for the arm 18
so that it will remain in a neutral position after being
rotated. This spring return function is provided by the
arrangement shown in FIGS. 7 and 2. An inverted U-
shaped member 100 is fitted over a portion of the shaft
16 which has a flattened upper surface 102. The
member 100 slides upwardly and downwardly in a ver-
tical guide structure 104. The member 100 has a pair of
projections 106 over each of which is fitted a coil
spring 108. The upper end of each coil spring 108 fits
into a recess 110 in the lower surface of the cover 56.

When the shaft 16 is turned either clockwise or
counterclockwise, one edge of the flattened portion
102 lifts the member 100 upwardly and compresses the
springs 108. When the rotating force is removed from
the actuating arm 18, the springs 108 thrust the
member 160 downwardly and return the shaft 16 to its
neutral position with the flattened portion flush against
the corresponding flattened portion of the member
100.

One significant advantage of this spring return ar-
rangement is the provision of twin springs 108 instead
of only a single spring. Limit switches must have a very
high degree of reliability; that is, they often must be
able to withstand millions of operations without mal-
function. Each of the springs 108 is strong enough to
alone return the arm 18 to its neutral position without
the aid of the other spring. Thus, if one of the springs
should break, the switch will continue operating. This
increases the reliability of the switch 10 substantially.

Another advantageous feature of the prevent inven-
tion is that removal of the cam head 14 is quite simple.
The head 14 may removed by removing the cover 48
and the lock ring 64, and lifting the head 14 from the
switch housing 12. Thus, if and when the head portion
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should become worn out, a whole new switching device
need not be purchased, and the switch need not be
removed from its mounting. Instead, a new head may
be used to replace the old head. Also, different types of
heads may be used as desired, without changing the
mounting of the housing 12.

It should be noted that the switching device 10 is
unique in the further respect that despite the fact that
the head 14 can be adjusted to any position within a full
circle, such adjustment does not in any way affect the
mode of actuation selected for the switching
mechanism. The rod 26 is located along the axis of
rotation of the head 14, and has a symmetrical conical
end 79 with a heémispherically shaped tip. Thus, the
relationship between the cam follower and the cams 22
and 24 remains the same throughout any rotation of
head 14. v

The switching device 10 provides many cost savings
to its user. First, the user does not need to stock a large
number of mounting brackets to provide variable angu-
lar positioning of the arm 18. Instead, by a simple ad-
justment easily performed by the use of a screw driver
entirely from the outside of the switching device, he
can position the arm to any angular position he desires.
This adjustment can be made without breaching the
sealed enclosure of the switching mechanism, thus
preventing foreign matter from reaching the internal
switch components and substantially increasing the life
of the device.

Because of the great versatility of switches made in
accordance with the present invention, the user need
not stock as many different types of them as he would
prior switches. This provides another very significant
cost saving to the user. ’

As explained above, the switching device 10 has
three different modes of actuation, each of which can
be selected without the use of any tools whatsoever.
Moreover, the cam housing 14 and the switch housing
12 need not be opened to provide this adjustment, thus
maintaining the enclosure for the switch 30 and the
components in the housing 14 in a sealed condition.
Moreover, the switch 10 is relatively inexpensive to
produce. The novel use of two identical cams 22 and 24
instead of a complicated single cam provides notable
cost savings.

The above description of the invention is intended to
be illustrative and not limiting. Various changes or
modifications in the embodiments described may occur
to those skilled in the art and these can be made
without departing from the spirit or scope of the inven-
tion as set forth in the claims.

I claim:

1. Apparatus for actuating a control element, said
apparatus comprising, in combination, a support struc-
ture, a shaft, cam means on said shaft, a cam follower
for actuation of said contro! element, means for mount-
ing said shaft on said support structure so as to be
rotatable and movable longitudinally with respect to
said support structure, said cam means having at least
two portions spaced longitudinally on said shaft, one of
said portions being shaped to move said cam follower
upon the rotation of said shaft in one direction but not
in the other, and the other of said portions being
shaped to move said cam follower upon the rotation of
said shaft in said other direction, a housing around said
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shaft and cam means, and locking means for selectively
locking said shaft in a plurality of different longitudinal
positions, said locking means extending through a wall
of said housing so as to be accessible from the outside
of said housing.

2. Apparatus as in claim 1 in which each of said cam
portions is a separate cam, each cam having substan-
tially the same shape as the other cam, with one cam
being positioned on said shaft in an orientation op-
posite to that of the other cam.

3. Apparatus as in claim 1 in which said shaft has a

plurality of longitudinally spaced-apart grooves, said
locking means including a locking member shaped to
fit into each of said grooves, spring means urging said
locking member towards said grooves, and means
operable for selectively disengaging said locking
member from each of said grooves, two of said grooves
each being located so as to bring only one or the other
of said cam portions into engagement with said cam fol-
lower, and a third groove located intermediate said two
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grooves so as to bring said cam follower into engage-

-ment with both of said cam portions simultaneously.

4. Apparatus as in claim 1 including spring-biased
means for returning said shaft to an initial position at
which said follower is not depressed, said means includ-
ing a pair of parallel springs each capable of so return-
ing said shaft. »

§. Apparatus as in claim 1 including an arm secured
to said shaft and a roller mounted on said arm.

6. Apparatus as in claim 1 in which said cam portions
are located closely adjacent one another on said shaft,
and in which said cam follower has an end which rides
against said cam means, said end having a width which
is less than the width of either of said cam portions,
whereby longitudinal adjustment of said shaft selective-
ly brings said end to bear against either of said cam por- .
tions alone, or both portions simultaneously.

7. Apparatus as in claim 6 in which said cam follower
end is generally conical in shape.

* * * * *



