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This invention relates generally to sequential timers,

and more Specifically to a timer structure which is adapted
to handle a relatively large number of electrical circuits.

10

Although the principles of the present invention may
be included in various timers, a particularly useful appli
cation is made in timers to be employed in Washing ma
chines of the domestic type. In particular, as the com
plexity of domestic Washing machines increases, the com
plexity of the electric circuitry thereof also increases.
This brings about a need for a timer structure capable
of handling a relatively large number of circuits. Stand
ing alone, this would appear not to pose a serious prob
lem. However, it is ordinarily required that the space
occupied by Such a timer be no larger than that occupied

20

ber of circuits.

There are manufacturing and flexibility advantages to

usage, and the resulting dimensions which must be care

fully controlled are vastly increased, thereby rendering
the device unduly expensive to manufacture, coupled with

a tendency to have more critical adjustments.
Once the need for an increase in number of switches
has been recognized, the structure to be employed to ac
commodate the same in a single package presents numer
ous problems. For example, for reliability, a certain
amount of torque is needed to rotate the sequence cam
within the device. It is apparent that as the number of
Switches to be operated thereby is increased, the torque
load on the source of power is likewise increased. Thus
in the carrying out of the principal objective, other struc
tural and functional problems arise.
The present invention contemplates the utilization of
a disc-like cam having radially spaced cam tracks on both
sides thereof which actuate housing-mounted switches.
The Switches are proportioned and disposed with respect
to each other so that twenty-four independent circuits
can be handled by the device and governed by the rotation
of the sequence cam. The cam is actuated in a step-by

2
a novel drive mechanism for a timer of the type de
scribed.
A still further object of the present invention is to
provide an improved line-switch actuating mechanism.
Another object of the present invention is to provide
improved means for holding a rotatable shaft which is
axially slidable in a predetermined axial position.
A still further object of the present invention is to pro
vide a simplified structure in a step-by-step timer for
obtaining closing of a circuit for a few seconds periodi

cally at an operational rate faster than that which the
sequence cam is indexed in incremental steps.
Many other advantages, features and additional ob

jects of the present invention will become manifest to
those versed in the art upon making reference to the de
tailed description and the accompanying sheets of draw
ings in which a preferred structural embodiment incor
porating the principles of the present invention is shown
by way of illustrative example.

by timers constructed to handle a somewhat lesser num

employing only single-pole switches in such a device. A
Solution which has previously been considered for the
present problem is the use of double-pole switches. How
ever, frequently the circuitry will not admit of such
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On the drawings:
FIGURE 1 is an elevational view taken edgewise of

a sequence timer provided in accordance with the prin
ciples of the present invention;
FIGURE 2 is an elevational view, partly broken away,
taken along line II-II of FIG. 1 when the timer is par

tially disassembled;
FIGURE 3 is an elevational view taken along line

III-III of FIG. 1 when the timer is partially disas
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sembled;
FIGURE 4 is an elevational view of a typical sequence

cam employed in the structure of FIG. 1;
FIGURE 5 is an enlarged fragmentary sectional view
of a portion of FIG. 1; and
FIGURES 6 and 7 are enlarged fragmentary views,
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partly diagrammatic, and partly in elevation, taken adja
cent to the shaft of FIG. 1.
As shown on the drawings:

The principles of this invention are particularly useful

when embodied in a sequential timer or Switch mecha
40 nism such as is illustrated in FIG. 1, generally indicated
by the numeral E0. The switch mechanism includes a
housing 11 within which is disposed an intermittently
driven sequence cam 2 which operates a series of
switches generally indicated in each of FIGS. 2 and 3
45 by the numeral 13. As best seen in FIGS. 4-7, the se
quence cam is generally fiat or disc-like and is provided
on each axially directed face thereof with a series of
radially spaced tracks 4. On its periphery, the can
12 typically is provided with sixty ratchet teeth identi
50 fied by the numeral 15 so that when the cam is rotated
by one tooth, a 6 movement will take place. The se
step manner by a drive mechanism which is able to handle
quence cam 2 is rotatably mounted in the housing 1
this number of Switches reliably even when a motor of
in a manner set forth more fully later herein. Inter
conventional power rating is employed for the purpose.
connections may be provided between the various
Since the number of switches to be aligned precisely with
the Sequence cam is relatively large, the device is con 55 switches 13 as desired to adapt this timer device to a par
ticular washing machine. Likewise, the angular extent
Structed in such a manner that the sequence cam is axially
of each of the tracks 14 is selected to effect the desired
stationary. However, in response to consumer require
ments, a manual operating shaft is provided which is
control program.
axially reciprocable with respect to the sequence cam so
Each of the switches 13 is adapted to be connected
that the forces emanating from the various switches do 60 into an appropriate circuit, as by terminals 16 shown in
FIG. 1. As best seen in FIG. 5, each of the switches
not provide an axial thrust on the shaft.
Accordingly, it is an object of the present invention to
53 includes a pair of contacts 17, 18, the contact 17
being carried on a relatively stiff support bracket i9,
provide a sequential timer of an improved construction.
Another object of the present invention is to provide and the contact 18 being secured to a Support means in
a sequential timer capable of handling a relatively large 65 the form of a flexible blade having a movable portion
20. The contact bracket 19 and the movable blade are
number of electrical circuits.
Yet another object of the present invention is to pro secured as by riveting to one of the halves of the hous

vide a novel switch arrangement and disposition within
a timer in order that a relatively large number of switches

may be accommodated in a relatively Small space or
envelope.
A further object of the present invention is to provide

ing 11. Each of the switches 3 is provided with a
movable cam follower 21, in this embodiment compris
ing an angularly or axially directed ear secured to the
movable blade portion 20. Each of the cam followers
21 engages one of the tracks 14 so that each of the

g
s
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switches 13 is opened and closed in response to rotation
of the cam 12.
The housing 11 comprises two halves 11a and iib,
each of which has a configuration complemental to the
other so as to define a unified housing when one is Super
posed on the other. The housing halves 1a and if b are
held together by a series of resilient spring clips 22 shown
in FIG. 1. When the clips 22 have been removed, and
other holding means yet to be described and associated
with the shaft have been released, the housing halves may
be separated, and the interior of the Switch mechanism
10 viewed as shown in FIGS. 2 and 3. It will be noted
that the various cam followers 25 supported by the hous
ing half 11b are each spaced from the rotational axis of
the cam 12 by a different distance from that which other

cam followers on the same side of the cam 12 are spaced
from the rotational axis. It is also to be noted that each
of the cam followers is thus directed generally axially of
the sequence cam 2.
In like manner, the various cam followers 21 which
are supported by the housing half 11a, are also spaced
from the rotational axis of the cam 12 by a distance which

4.
ly supported on a pin 33 secured to the housing part 11b.
More specifically, the drive mechanism 32 includes a
lever 34 having two arms. One arm 34a has an outer
or free end 35 which is engageable with the cam track
30 of the motor-driven cam 28, which track is operative
to pivot the lever 34 by engaging the end 35, So as to
rock the lever 34 about an axis which is parallel to and

offset from the axes of both of the cams 2 and 28.

The torsion spring 36 acts between the lever 34 and the

10

ment.
5
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differs from the spacing of the other cam followers on

the same side of the cam 2. In this embodiment, there
are twelve such cam followers carried by each of the
housing halves 1a, 1b, and the cam 12 therefore has
a like number of tracks 14 on each side thereof for co
operation with each of the cam followers individually.
In each of the housing halves 11a, 1b, the switches
13 are arranged in the form of four quadrants. It will
be noted that the cam followers 21 of each of the quad
rants defines a generally radial line of engagement with
the tracks 14. Thus, on each side of the cam 12, there
are four radial lines of engagement, each spaced from
adjacent lines by about 90°. As best seen in FIG. 5,

the radial lines of engagement on one side of the cam 12

are substantially aligned with the radial lines of engage
ment on the opposite side of the cam 12.
The housing half 11b, as best seen in FIG. 2, is pro
vided with four abutment means 23, each of which is
disposed adjacent to the outer end of the lines of en
gagement defined by the cam followers 21. The abut

ment means 23 jointly define a plane which is adjacent
to the peripheral portions of one side of the cam, and
which plane is normal to the rotational axis of the se
quence cam 42. A spring 24 is disposed between the
housing half 11a and the cam 2, which spring urges
the cam 12 axially against the abutment means 23. The
strength of the spring is such that for any combination
of switches, for example if all of the switches adjacent
to one of the abutment means 23 were so positioned as
to apply a maximum opposing force to the spring 24,
the spring 24 will nevertheless hold the cam 12 against
each of the abutments 23. Thus the spring 24 insures
that the cam 2 is always in an axially fixed position re
gardless of the combination of switches 13 which may be
opposing the spring 24.
Adjacent to each of the abutment means 23, the case
has a portion or shoulder which extends toward the viewer
in FIG. 2 and indicated at 25. The distance between two
opposite shoulders 25 is slightly greater than the diametral

25
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a stop
40 11b.

42 comprising a part of the case or housing half
It is apparent that since the intermittent drive mech
anism 32 is stopped in its counterclockwise movement
by the stop 42, only the dimension between the stop
or abutment portion 46 and the tooth engaging portion
39 of the dog 37 needs to be accurately controlled to

50

get the proper amount of movement. This is so be
cause the cam track 30 could cause raising of the end
35 by an amount almost sufficient to engage two teeth
and yet still only one would be driven. Similarly the
cam track 30 may have a drop greater than needed,
and as shown, because the intermittent drive mechanism
is arrested in its movement by the housing half ib at
the stop 42, whereas the end 35 of the lever arm 34a
does not drop to the bottom or lowest point on the cam
track. This structure eliminates a substantial amount

60

ture which may be included.
65
In order to effect incremental periodic rotation of the
cam 2, the switch mechanism 10 includes a conventional
motor 26, which drives a pinion 27 through a gear train.
The pinion 27 meshes with and drives a motor-driven
gear-cam 28 which is rotatably supported on a pin 29 70
secured to the housing part lib. The pin 29 is radially
offset from the rotational axis of the sequence cam 12.
The motor-driven cam 28 has two axially spaced pe
ripheral cam tracks indicated at 30 and 3A. An intermit

tent drive mechanism generally indicated at 32 is pivotal

The other arm 34b of the lever 34 extends toward

the sequence cam 12, terminating adjacent to the periph
ery thereof. A dog 37 is pivotally supported on a pin
38 disposed at the distal end of the arm 34b. The dog
has a tooth engaging portion 39 and an abutment portion
49. A spring 41 acts between the dog 37 and the arm
34b to provide a clockwise torsional bias about the axis
of the pin 38 to urge the tooth engaging portion 39 into
driving engagement with one of the ratchet teeth 15.
When the lever 34 is rotated by the cam track 3 in a
clockwise direction, the adjacent tooth cams the dog 37 in
a counterclockwise direction until the tooth engaging por
tion 39 slips off the tooth, and moves clockwise under
the influence of the spring 45 to engage the next tooth.
When the end 35 of the lever 34 reaches a precipitous
drop. 42a, the lever 34 moves in a counterclockwise direc
tion under the influence of energy stored in the spring
36, thereby positively driving the dog 37 into engage
ment with one of the teeth 5, and also effecting a clock
wise rotation of the sequence cam by an angular amount
equalling that defined by the tooth just driven. Thus the
sequence cam 2 is caused to rotate in discrete increments

in one direction, or in a step-by-step manner. The rota
tion of the sequence cam 12 in each increment is termi
nated when the abutment portion 40 of the dog 37 strikes

distance across the teeth of the cam 12. The shoulders

25 and the abutments 23 in combination with the spring
24 thus jointly define structure for rotatably supporting
the cam 12, irrespective of any other supporting struc

case 1b to resiliently bias or urge the lever 34 in a
counterclockwise direction as viewed in FIG. 2, whereby
when the cam track 30 engages the end 35 of the lever 34
the lever will returnably yield in response to Such engage

of Wear as well as impact deformation, thereby providing
a structure which is durable and susceptible to long
Service. Further, the contour of the cam is not critical,
and should wear take place on the track 38, this will
have no effect on the magnitude of the incremental
advance of the sequence cam 12.
To insure that the spring 45 during clockwise move
ment of the lever 34 does not effect a counterclockwise
movement of the sequence cam 12, rotation direction
limiting means 43 are provided. In this embodiment,
the means 43 comprises a resilient blade one end of which
is carried in a recess or pocket 44 of the housing half

11b, and the other end of which is endwise engageable
with Successive ratchet teeth 15. A fulcrum point 45
insures that the free end of the blade 43 is biased toward
the sequence cam 2. Any tendency of the sequence
cam 2 to rotate in a counterclockwise direction is
therefore opposed by the means 43 which is thereby
placed in compression to preclude such movement. In
this manner, the limiting means 43 insures one-way driv

5
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6
of the lever 58 so that one end 59 projects into such

ing engagement by the drive mechanism 32. In step
by-step operation, the counterclockwise movement of the
lever arm 34 is arrested by the means 40, 42 just after
the free end of the blade 43 has slipped off a tooth 15.

aperture to be pivotally and slidably retained by the
housing. The other end 60 thereof is the free end which
is drivingly engageable with the actuating portion of
the blade 57. Intermediate the ends 59 and 60, the
lever 58 is provided with a generally C-shaped slot 6i,

It is to be understood that the terms 'clockwise' and
“counterclockwise' have been used herein as terms of
reference and not of limitation.

The housing it supports two additional sets of con
tacts, such sets being identified by the reference nu
merals 46 and 50. The contacts 46 are supported by
the housing, one on a relatively stationary bracket 47

spaced from the pivoted end 59. The opening 62 in

0.

and the other on a movable blade 48 which is connected
in series with one of the Switches i3. A cam follower

portion 49 is secured to the blade 48 and is engageable
with the other came track 33 of the motor-driven cam 5

28. The track 3 includes two switch-opening and two

switch-closing portions so that the circuit governed by

the contacts 46 will be twice opened and closed during
one revolution of the cam 28 which, as seen above,

corresponds to the time which the sequence cam 2 re
mains stationary in one position. The circuit including
the contacts 46 may be used to advantage to regulate
periodic sprays or relatively rapid rinses in a Washing

20

machine.

As best seen in FIG. 2, it can be seen that if the

25

sequence cam 12 were rotated manually in a clock
wise direction, the dog 37 would yield under the influence
of ratchet teeth 5, as would also the blade 43. Like
wise, the blade 43 would preclude manual rotation of
the cam 2 in a counterclockwise direction. To effect

such rotation, a shaft 5 may be provided, the shaft 5i
having means generally indicated at 52 in FiG. 6 for
insuring co-rotation between the shaft 5 and the cam
12. The shaft 5i is a unitary part which extends through
the housing ill, either end of which may be elongated
to provide a place to secure a knob (not shown). Ad
jacent to the shaft 5, suitable mounting means generally
indicated at 53 in FIG. 1 may also be provided if desired.
As best seen in F.G. 6, the shaft 5i is rotatably supported
by the housing in apertures provided in opposite walls
thereof. The shaft 5i is axially slidable within the

35
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sequence cam E2. The exact nature of the axially slid
able rotational driving engagement which the shaft has
with the cam 2 is a matter of choice.

ture having the contacts 50 has been simplified. How
50 may be either opened or closed by a pushing or pull
ing force applied to the shaft 51. Thus, as suggested by
FIG. 2, either half of the double-pole structure shown in
FIG. 6 and FIG. 7 may be omitted. By the proper
omission, the contacts 59 may be made to close in
response to pushing or may be made to open in response
to an axial pushing force applied to the shaft 5.

55

60

ever, it is apparent from FIGS. 6 and 7 that the contacts

65
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To transfer the axial force from the shaft 5i to the

blade 57 there is provided a switch actuating lever 58
best seen in FIG. 2. The housing 11b has an aperture

employed in a washing machine to be a line switch or
a master switch, and therefore is appropriately connected
in the circuit, and is not necessarily under the control
of one of the tracks on the sequential cam 4.
Certain structure is provided to hold the shaft 51 in an
axial position which has been selected, such structure be
ing generally indicated by the numeral 63 in FGS. 6 and
7, and cooperating with the grooves 55, 56 of the shaft
5. A wall in the housing portion 45b is provided with a
pair of slotted apertures 64, 65 respectively disposed on
opposite sides of the shaft 51. The same wall is also
provided with a nest or recess 66, at least one of the
apertures 64, 65 and the shaft 5 extending transversely
therethrough. In the bottom of the nest, there is pro
vided a U-shaped spring 67 having a closed end 68 which
loops about the aperture 64, and having resilient fingers
extending to the right of the shaft as shown, the resilient
fingers being tangentially receivable in the grooves 55, S6.
In FIG. 6, one of the fingers is shown received in the
shaft groove 55 to hold the shaft in a lowered position as

shown, while in FIG. 7 the same finger is received in the
shaft groove 56 to hold the shaft 5i in a raised position.

housing and is also axially slidable with respect to the

The shaft S1 is provided with three circumferential
grooves, in this embodiment all disposed on one side of
the sequence can 12. The first of these grooves is
identified by the numeral 54, and the second and third
of these grooves are identified by the numerals 55 and
56. The grooves 55 and 56 are each defined in part
by a cam shoulder as shown in FIGS. 6 and 7, each of
Such can shoulders being axially directed away from
the cam shoulder of the other of the grooves 55 and 56.
The contacts 50 comprise part of an additional switch
Supported by the housing part 1b, which switch has a
movable blade 57 which may be actuated in either di
rection to close one portion of the switch. It is appar
ent that the actuating portion of this switch is movable
in a direction generally parallel to the axis of the shaft
51. To simplify FIG. 2, the details of the switch struc

the slot is slightly narrower than the diameter of the
shaft in the groove 54, so that when the parts have been
forced or snapped together as shown in FIGS. 6 and 7,
they will resist becoming disconnected. Thus as the
shaft S1 is moved axially, it applies a force to an in
termediate portion of the actuating lever 58 which, in
turn, operates or moves the switch blade 57. A switch
which is responsive to axial shaft movement is typically

corresponding in size to the cross-sectional configuration 75

The force of the spring finger is sufficient to insure that
the blade 57 will be positively held into or cut of closed
position, as desired. The fingers of the U-shaped spring
67 are yieldable radially of the shaft, toward and away
from the viewer, in response to engaging the can shoulder
of either of the grooves 55, 56 during axial shaft move
ment. A web 69 extends between the fingers of the
Spring, and is integral with the wall of the housing 11.
To hold the spring 67 in substantially fixed position, a
Spring retainer member 70 is disposed within the housing
and within the nest 66. The spring retainer member 70
comprises a flat apertured portion through which the
shaft 51 extends, which portion is engageable flatwise
with the U-shaped spring 67 to hold it in the nest 66.
From each end of the flat apertured portion, there is an
ear 7 a which respectively extends through one of the

slotted apertures 64, 65. A portion of each of the ears
70a thus extends through the wall outwardly of the

housing 11, such outwardly extending portion being
twisted to prevent withdrawal of the spring retaining
member 70. To disassemble the device as previously de
scribed, in addition to release of spring clips 22, it is

necessary that the ears 7(a be straightened or untwisted
to permit their withdrawal into the housing.

From the foregoing, the operation of the sequential
timer is now apparent. When the motor 26 is energized
it causes the cam 28 to be driven at a continuous rate,
thereby cycling the spray switch contacts 46. Rotation
of the cam 28 also effects a gradual storage of energy in
the Spring 36 when the cam track 39 drives the lever 34
in a clockwise direction, such energy being released
periodically by a cam drop to effect an incremental an
gular advance of the sequence cam 12 driven by the drive
mechanism to a predetermined point determined by the
Structure of the case. The various rises and falls of the
different cam tracks 4 are so disposed as to be located
approximately midway during such travel, although stag
gering of the ends which effect cam rises may also be

3,053,947
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done under penalty of working to closer dimensions. This

each of the Switches 13 is rapidly opened or closed in re
Sponse to the high-speed incremental advances of the
Sequence can 2. The can 2 may not be rotated either

by the drive mechanism or by manual means in an op

posite direction because of the effect of the blade 43.
However, both the drive mechanism and the blade 43

permit manual positioning of the sequence cam to a

Selected point of rotation.
The Sequence cam is rotatably guided by the case or

housing and is biased by the spring 24 to a fixed axial
position regardless of what combination of switches 3

may be actuated. The sequence cam shaft 5i is also
utilized as ail axially movable shaft to actuate the line
Switch blade 57 through the novel switch actuating lever
56, the shaft 5i being provided with novel structure for

holding it in a predetermined axial position within which
the Sequence cam may be rotated, there being but a single
shaft.
Upon disconnection of the spring clips 22, and
Straightening of the ears 70a, the device comes apart as
shown in FIGS. 2 and 3, the lever 53 thereby also with
a slight force becoming disconnected from the shaft to
permit removal of the cam from the shaft 5i. This type
of Structure facilitates the substitution of different pro
gram cams. Further, when the structure is disassembled
to the condition shown in F.G. 2, the cam 28 may also
be manually removed, the lever 34 being manually held
out of the Way. This further permits the substitution of
a different stepping or spray cam 28.

IO

5
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ported axially slidable shaft carried by said housing and
having rotational driving engagement directly with said
sequence cam, said shaft having a circumferential groove
on one side of said sequence cam; an additional Switch
carried by said housing, said switch having an actuat
ing portion movable in a direction generally parallel
to the axis of said shaft; and a switch actuating ever,
one end of said lever being pivotally retained by said
housing and its other end being free and drivingly en
gageable with said actuating portion of said additional
switch, said lever having an intermediate portion re
ceived in said shaft groove, whereby said additional
switch is actuable in response to axial movement of
said shaft.
3. A switch mechanism for opening and closing a
plurality of circuits in predetermined sequence, com
prising in combination: a housing; a sequence cam ro
tatably supported in said housing and having a Series of
tracks thereon; means holding said cam in an axially
fixed position; a series of switches within said housing
and each constructed to be connected into one of said

circuits, each of said Switches including a movable cam

follower, each of said switches being secured to said
housing so that the cam followers jointly engage with
said tracks to effect Switch operation in response to
rotation of Said sequence cam; a single rotatably sup

ported axially slidable shaft carried by said housing
and having rotational driving engagement directly with

Although various minor modifications might be sug

said sequence cam, said shaft having a circumferential
groove on one side of said sequence cam; an additional
Switch carried by said housing, said Switch having an

and properly come within the scope of our contribution

35

lel to the axis of said shaft; and a switch actuating
lever, one end of said lever being pivotally and slidably
retained by said housing and its other end being free

40

of said additional switch, said lever having a C-shaped
slot spaced from said one end and Snapped onto said
shaft at said circumferential groove, whereby said addi
tional Switch is actuable in response to axial movement

gested by those versed in the art, it should be understood
that We wish to embody within the scope of the patent
Warranted hereon all such embodiments as reasonably

30

actuating portion movable in a direction generally paral

to the art.

We claim as our invention:

1. A Switch mechanism for opening and closing a plu
Tality of circuits in predetermined sequence, comprising
in combination: a housing; a disc-like sequence cam ro
tatably Supported in said housing and having a series of
radially spaced axially directed tracks on an axially di

of said shaft.

4. In a Switch mechanism having a single shaft ro

ected face thereof; a series of Switches within said hous

ing and each constructed to be connected into one of said

circuits, each of Said Switches including a movable cam
follower biased in a direction parallel to the axis of said
Sequence cam against one of said tracks, each of said
SWitches being Secured to said housing so that the cam
followers jointly define four substantially radial lines of
engagement with said tracks, said lines of engagement
each being defined by a plurality of said cam followers
and being angularly spaced from adjacent lines of en

50
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of tracks thereon; means holding said cam in an axially

fixed position; a series of switches within said housing

and each constructed to be connected into one of said 70

circuits, each of said Switches including a movable cam
follower, each of said switches being secured to said

housing so that the cam followers jointly engage with
Said tracks to effect switch operation in response to

rotation of said sequence cam; a single rotatably sup

tatably supported in a housing for opening and closing
a plurality of circuits in predetermined sequence, said
shaft being also axially slidably supported in the housing
for opening and closing a circuit at any angular posi
tion thereof, the improvement comprising in combina
tion therewith: means in said housing defining a pair
of Slotted apertures extending through a wall of the
housing on opposite sides of the shaft; means in said
housing defining a nest on the inner side of said wall,
Said shaft and at least one of said slotted apertures ex

gagement by about 90°; said cam followers each being
Operative to open and close its switch in response to rota
tion of Said sequence cam; said housing having abutment
means adjacent to the periphery of said disc-like sequence
can at the Outer end of each of said lines of engagement,
Said means defining a plane adjacent to peripheral portions

of one side of said cam and normal to the rotational
axis thereof; and a spring acting between said housing
and said disc-like cam and continually urging said can
axially directly against said abutment means, no matter
What combination of said switches are being actuated.
2. A Switch mechanism for opening and closing a
plurality of circuits in predetermined sequence, com
prising in combination: a housing; a sequence cam ro
tatably supported in said housing and having a series

and drivingly engageable with said actuating portion

75

tending through said wall at said nest; said shaft having
at least one axially directed cam shoulder defining a
circumferential recess; a spring disposed in said nest and
having at least one resilient finger tangentially receiv
able in said shaft recess, said finger being yieldable
radially of said shaft in response to engagement with
said cam shoulder during axial movement of said shaft;
and a spring retaining member disposed within said
housing, said member having a flat apertured portion
slidably receiving said shaft and engageable with said
Spring to retain it in Said nest, and an ear extending
from each end of said flat portion respectively through
one of said slotted apertures, the outer end of each of
Said ears being adapted to prevent withdrawal thereof.
5. In a switch mechanism having a single shaft ro

tatably supported in a housing for opening and closing
a plurality of circuits in predetermined sequence, said
shaft being also axially slidably supported in the housing
for opening and closing a circuit at any angular posi
tion thereof, the improvement comprising in combina
tion therewith: means in said housing defining a pair of
slotted apertures extending through a wall of the hous
ing on opposite sides of the shaft; means in said hous

3,053,947
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ing defining a nest on the inner side of said wall, said
shaft and at least one of said slotted apertures extend
ing through said wall at said nest; said shaft having a
pair of circumferentially directed grooves each defined
by an axially oppositely directed cam shoulder and
another shoulder; a generally U-shaped spring disposed
in said nest having its closed end extending about said
one slotted aperture, and including a pair of resilient
fingers tangentially receivable in said grooves, said fingers
being yieldably radially of said shaft in response to en
gagement with said cam shoulder of either of said grooves
during axial movement of said shaft; and a spring
retaining member disposed within said housing, said
member having a flat apertured portion slidably receiv
ing said shaft and engageable with said spring to retain

it in said nest, and an ear extending from each end of
said flat portion respectively through one of said slotted
apertures, the outer end of each of said ears being
adapted to prevent withdrawal thereof.
6. A switch mechanism for periodically opening and
closing a plurality of circuits in predetermined sequence,
comprising in combination: a housing; a sequence cam.
rotatably supported in said housing and having a series
of radially spaced axially directed tracks on each axially
directed face thereof, said cam having ratchet teeth
on the periphery thereof; a series of switches within
said housing and each constructed to be connected into
one of said circuits, each of said switches including a
movable cam follower biased in a direction parallel to
the axis of Said sequence cam against one of said tracks,
each of said Switches being secured to said housing so
that the cam followers jointly define four substantially
radial lines of engagement with said tracks on each side
of said sequence cam, said lines of engagement being
spaced from adjacent lines on the same side of said
Sequence cam by about 90°, and each being substantially
aligned with one of the engagement lines on the other
side of said sequence cam; said cam followers each
being operative to open and close its switch in response
to rotation of said sequence cam; said housing having
abutment means adjacent to the outer end of each of
Said lines of engagement defining a plane adjacent to
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peripheral portions of one side of said cam and normal
to the rotational axis thereof; a spring acting between
said housing and said disc-like cam and continually
urging said cam axially directly against said abutment
means, no matter what combination of said switches are
being actuated; a motor-driven cam rotatably supported
on said housing in radially offset relation to said se
quence cam, and having a peripheral cam track; an
intermittent drive mechanism pivotally supported by
Said housing and reciprocably driven by said peripheral
cam track, said mechanism including a dog having one
Way driving engagement through a tooth engaging portion
thereof with the peripheral teeth of said sequence cam to
effect incremental advance thereof, said dog also having an
abutment portion; a stop on said housing for engag
ing said abutment portion of said dog to define the limit
of driving movement of said dog and hence also the limit
of each incremental advance of said sequence cann;
a single rotatably supported axially slidable shaft car
ried by said housing and having rotational driving en
gagement directly with said sequence cam, said shaft
having a first circumferential groove on one side of said
sequence cam, and a second and a third circumferential
groove axially spaced therefrom, said second and third
grooves each being defined in part by a cam shoulder
axially directed away from the cam shoulder of the
other of said second and third groove; an additional
switch carried by said housing, said switch having an
actuating portion movable in a direction generally par
allel to the axis of said shaft; a switch actuating lever,
one end of said lever being pivotally and slidably re
tained by said housing and its other end being free and

drivingly engageable with said actuating portion of said
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additional switch, said lever having an intermediately
disposed C-shaped slot spaced from said one end and
snapped into said shaft in said first groove for effecting
actuation of said additional switch in response to axial
movement of said shaft; means in said housing defining

O
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a pair of slotted apertures extending through a wall of
the housing on opposite sides of the shaft; means in
said housing defining a nest on the inner side of said
wall, said shaft and at least one of said slotted aper
tures extending through said wall at said nest; a gen
erally U-shaped spring disposed in said nest having its
closed end extending about said one slotted aperture,
and including a pair of resilient fingers tangentially
receivable in said second and third grooves, said fingers

being yieldable radially of said shaft in response to
engagement with said cam shoulder of either of said
second and third grooves during axial movement of Said
shaft; and a spring retaining member disposed within
said housing, said member having a flat apertured por
tion slidably receiving said shaft and engageable with
said U-shaped spring to retain it in said nest, and an
ear extending from each end of Said flat portion respec
tively through one of said slotted apertures, the outer
end of each of said ears being adapted to prevent with

25 drawal thereof.

30

7. A switch mechanism for opening and closing a
plurality of circuits in predetermined sequence, compris
ing in combination: a housing; a disc-like sequence cam
rotatably supported in said housing and having a series
of radially spaced axially-directed axially-operative tracks
on each axially directed face thereof; a series of paired
contacts; and Support means, secured to said housing,
for each of said contacts, and constructed to be con
nected into one of said circuits, the support means of
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one of each pair of contacts having a flat elongated
movable portion carrying the contact and including a cam
follower; said Support means being arranged on said
housing in eight quadrants divided into four quadrants
on each side of said sequence cam with the cam follow
ers thereof directed and biased generally axially of and
toward the opposite faces of said sequence cam, all of
said support means on each side lying in a substantially
common plane; each cam follower in each quadrant
being spaced from the rotational axis of Said sequence
cam by a distance differing from that of the correspond
ing cam followers in the other three quadrants disposed
on the same side of said sequence cam, said cam fol
lowers jointly defining four substantially radially extend
ing coplanar lines of engagement with said tracks on
each side of said sequence cam, the lines of engage

ment for each of said eight quadrants each being de

fined by a plurality of cam followers and being spaced
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from adjacent lines on the same side of said sequence
cam by about 90, and the four lines of engagement
on one side being substantially aligned with the four
engagement lines on the other side of said sequence cam

so that the cam followers jointly apply a substantially
balanced non-rocking force to said sequence cam; said
can followers each being operative to open and close a
pair of said contacts in response to rotation of said
Sequence cam.
8. A switch mechanism for periodically opening and
closing a plurality of circuits in predetermined sequence,
comprising in combination: a housing; a plurality of
Switches supported by a portion of said housing and
adapted to be connected in said circuits, each of said
switches having a cam follower; a disc-like sequence
cam rotatably supported in said housing, said cam hav
ing ratchet teeth on the periphery thereof and having
a plurality of radially spaced tracks on an axially directed
face thereof for engagement with the cam followers
of said switches and operative to open and to close

said switches in response to rotation of said sequence
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cam; a motor-driven cam rotatably supported on said

housing in radially offset relation to said sequence cam

8,058,947
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anism pivotally supported by said housing and recipro

and having a peripheral cam track; an intermittent drive

mechanism pivotally supported by said housing and re

cably driven by said peripheral cam track, said mech

anism having one-way driving engagement with the
peripheral teeth of said sequence cam to effect incre
ental advance thereof, said mechanism also having an
abutment portion; and a fixed stop integral with said
switch-supporting housing portion, said stop being abut
table by said abutment portion of said pivotal mech
anism to limit the driving movement of said pivotal mech

ciprocably driven by said peripheral cam track, said
mechanism including a dog having one-way driving en

gagement through a tooth engaging portion thereof
with the peripheral teeth of said sequence cam to effect
incremental advance thereof, said dog also having an
abutment portion; and a fixed stop integral with said
switch supporting housing portion, said stop being abut
table by said abutment portion of said dog to limit the

O

driving movement of said dog and hence also to limit
the magnitude of each incremental advance of the said

sequence cam to a predetermined angular amount which
is independent of any wear of said motor-driven cam
of said pivotally supported drive mechanism.
9. A switch mechanism for periodically opening and
closing a plurality of circuits in predetermined sequence,
comprising in combination: a housing; a plurality of
switches supported by a portion of said housing and
adapted to be connected in said circuits, each of said

drive mechanism.
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switches having a cam follower; a disc-like sequence cam

rotatably supported in said housing, said cam having
ratchet teeth on the periphery thereof and having a plu

rality of radially spaced tracks on an axially directed
face thereof for engagement with the cam followers of
said Switches and operative to open and to close said
switches in response to rotation of said sequence cam;
a motor-driven cam rotatably supported on said housing
In radially offset relation to said sequence cam and hav

anism and hence also to limit the magnitude of each
incremental advance of said sequence cam to a predeter
mined angular amount which is independent of any wear
of said motor-driven cam or of said pivotally supported
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