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3,064,098
ELECTRICAL SWITCH MECHANISM
Frank G. Nicolaus, Chicago, Ii., assignor to Lion Manz-

facturing Cerporation, Chieago, Ill,, a corporation of
llinois

Filed Feb. 3, 1969, Ser. No. 6,496
8 Claims. (CL 260—-195)

This invention relates to improvements in electric
switches of the type actuated by a spiral cam, and has as
its principal object the provision in such a device of a
novel spiral cam means making possible multiple-contact
operation with snap action and 2 unidirectional resetting
or recycling action.

It is a further object to provide a switch of the class
described having at least a single-pole, double-throw, snap
action with _heavy contacts capable of carrying relatively
heavy current loads suited for use in connection with
various utility devices such as refrigerators, washing ma-
chines, and the like, and especially characterized by such
features as simplicity, reliability, low cost, and heavy
load-carrying capacity, but requiring relatively low oper-
ating power.

It is a particular object also to provide a spiral cam
type of switch in which a plurality of contact blades com-
prising a cocperative set each cooperating with one of a
plurality of concentric spira] tracks having especially con-
trived drop-off formations so arranged and constructed
as to cause the blades to shift contacting positions with a
snap action as a result of unidirectional rotation of the
spiral track system, and to be recycled and restored to an
initial condition as a result of continued unidirectional
movement.

Additional objects and aspects of novelty and utility
will appear as the following description proceeds in view
of the annexed drawing in which:

FIG. 1 is an elevational view of cne form of the novel
switch;

FIG. 2 is a perspective of the same;

FIG. 3 is a plan detail of one of the contact blades;

FIG. 4 is a fragmentary perspective of the spiral track-
ing member and contact assembly; :

FIG. 5 is a plan detail of the switching means showing
the contacts in readiness for a change of position;

FIG. 6 is a diagram of the cam tracks.

The principal features of novelty characterizing the new
switch relate particularly to the form and mode of opera-
tion of the switch contact blades and the spiral tracking
member, as depicted in FIGS. 3, 4, and 5, the latter view
showing the ratchet member as a wheel 10 which is pref-
erably molded from nylon and has suitably pitched ratchet
teeth 11 about its periphery, as well as a series of con-
centric, integrally-formed, spirally-evolved ridges or tracks
12, 13, and 14, and formed on at Jeast one face theerof.
. Cooperable with the tracking member is a stack-type
switch 16 (FIGS. 4 and 5) comprising a set of spring con-
tact blades 17, 18, and 19 secured at one end in the usual
pile-up of insulating wafers 20.

The contact blades are detailed in FIG. 3 and are par-
ticularly characterized in that they are provided at their
free ends with lateral wings or ‘projections, e.g. 17X,
adapted to ride on one of the tracking ridges or forma-
tions on the ratchet wheel, in the manner particularly il-
lustrated in FIG. 4.

A complete switch unit is shown in FIG. 1 and com-
prises a stamped base member 24 having an upset flange
portion 25 upon which the stack switch 16 is mounted, as
well as a stub spindle 32 upon which the ratchet wheel 19
is journalled.

An electromagnetic solenoid 35 is mounted upon an-
other base flange 36 (FIG. 2 also) by means of a bracket
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37, and has its plunger 38 slotted and pierced as at 39 at
the free end to receive the end of a combination stepping
and indexing pawl 4@, which is rockably attached thereto
by means of a roll pin 41.

Two guide flanges 26 and 27 are also struck up from
the base plate so as to lie in parallel planes, and each such’
flange has a long guide slot 26S or 278 (FIG. 2) formed
therein in paralielism with the like slot in the other.

The pawl member 40 is also preferably molded in one
piece from nylon, and has two divergent arms 43 and 44
each riding in one of the guide slots 26S or 278, as de-
picted in FIG. 2,

At the upper end of pawl projection 44 is a notch 45
constituting a driving tooth engageable in the teeth of the
ratchet wheel, while the opposite end portion of this pro-
jection is pendant and rides in the guide slot 26S and is
also notched as at 46 to provide a lug to which a driving
and return spring 47 is attached, the opposite end of this
spring being suitably anchored on the base plate.

The free end of the other or index pawl projection 43
also engages in the ratchet teeth in the manner shown in
FIG. 1, and affords a dead-stop and indexing means to
assure positive arrest of the ratchet wheel always at the

same relative position, this projection riding in the upper

guide slot 27S. This one-piece stepping and index pawl
guiding means 40, 43, 44, 26S, 27S is disclosed and
claimed in my application Serial No. 772,505, filed No-
vember 7, 1958,

Referring to FIG. 1, a novel switching action is achieved
by means of a special shaping of the cam tracking forma-
tions, in the respect that said formations, whether they be
ridges or grooves, are evoived spirally about the same cen-
ter coinciding with the rotative axis through the spindle 32;
and each track or ridge has an outer or evolutionary termi-
nus 12T, 13T, or 14T, spaced angularly and radially from
its own origin 124, 13A, or 14A, substantially as shown in
FIG. 1 or the diagram of FIG. 6 wherein it will be ob-
served that, whereas the terminus 14T of the inner track
does in fact lie on approximately the same radjus R4 with
its origin 14A, nevertheless the other termini and origins
all lie on different radii.

Terminus 34T and origin 14A of the innermost track
not only lie substantially on the same radius R4, but they
are interconnected by a short radial blocking web 14W,
the purpose of which is to prevent entry of the inner con-
tact blade wing 17X into the dead zone surrounding the
spindle where a jam up could be caused should the wheel
be turned in the wrong direction.

It will also be observed that the several termini 12T,
13T, 14T each lie on a different radius R3, R?, R4, re-
spectively.

As a result of the foregoing especially contrived track
configurations, there is an angular gap left between the
origin and terminus of each of the two spiral outer track
formations, but none on the innermost spiral 14, and
the several gaps are offset from each other in an angular
or circumferential sense, from. which it follows that the
several track termini 12T, 13T, and 14T, are mutually
angularly offset from each other, and since these portions
of the tracks constitute the drop-off points for the riding
wings 17X, etc. on the contact blades, it will be apparent
that the drop-off movements of the switch blades will
occur in the sequence of the termini, i.e. 14T, 12T, 13T,
as the ratchet wheel 18 turns clockwise, because the first

one (14T).

The blade action last described resulis in a switching
sequence as follows: The relationship of the three con-
tacts, while the ratchet wheel is moving through the long
principal phase of its cycle, will be as depicted in FIG. 1,
with the inner and middle contacts 17—18 “made” or in
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closed-circuit engagement and the outer contact 19 in
open-circuit condition. - As the cycle nears its end and
the last ratchet step is taken, two actions occur in very
rapid succession, namely, the inner blade 17 drops off
in about the first half of this step and breaks its contact
with the middle blade 18, and then as the last half of
this last step is taken the outer blade 19 drops so that the
condition shown in FIG. 5 prevails, but the FIG. 5 condi-
tion lasts only until the next step is taken, whereupon
the middle contact 18 again springs down into engage-
ment with the inner contact 17 so that the cycle starts
over and the condition of FIG. 1 again exists for the
major phase of ratchet travel through another 330 de-
grees, more or less, there being 36 ratchet teeth on the
embodiment shown, and the described contact action be-
ing completed in a range of about 30 degrees of total
drop-off displacement, the width of the gaps and amount
of angular offset thereof having a bearing on this range.

In summary, due to the described radial offsetting and
angular gapping of the set of concentric spiral tracks, the
action is such that the middle and innermost contacts are
“made”-during a predetermined major portion of the ratch-
et wheel travel, but near the end of each cycle. The
inner contact first drops off and breaks with the middle
contact during the first part of the last step, and instantly
thereafter the outer contact drops off and “makes” with
the middle contact as this last step is being completed.
On the first step next following the middle contact breaks
away from the outer contact and reengages the inner con-
tact, and 4 new cycle begins.

The aforesaid diop-off sequence may be changed so that
the outer blade drops to contact the middle blade and
simultaneously therewith the inner contact falls away
from the inner blade. This may bée achieved simply by
shifting the outer terminus slightly clockwise.

In general, the switching action may be varied by ma-
nipulation of three factors, namely: the number of spiral
tracks, the spacing between tracks in a radial sense, and
the arrangement or angular spacing of the gaps and ter-
mini. The width of the gaps is of consideration mainly as
respects keeping the angular distance or width across the
gap small so as to itilize as much of the 360° arc of
travel as possible. :

The tfiovel switching mechanism makes it possible to
utilize heavy contacts and heavy spring pressures because
the ‘spiral cam action frelieves the instantancous load.
Thuds, a unit such as illustrated requires -only two watts

of operating power per step and can be stepped rapidly

or at very long intervals.

1 claim: )

1. Tn a switch of the ¢lass described, a ratchet wheel,
electromagnetically powered stepping means for advanc-
ing said wheel step-by-step, a plurality of spiral cam tracks
&volved concentrically of the center of rotation of said
wheel and each having opposite ends designated respec-
tively as starting and terminal ends which are so arranged
that the said €nds of each track aré brought into close
juxtaposition with respect to each other and a correspond-
ing reference radius from said center which is slightly dis-
placed angularly relative to the reference radius for any
other track so as to provide a predetermined number of
drop-off steps for an associated contact means; together
with a plurality of contact members arranged to extend
in approximate parallelism in the general direction of a
chord of ‘said wheel; said- contact members being at least

three in- number and being spring-biased toward said .

center and tracks and each having a riding portion bear-
ing against one of said tracks by reason of said spring
‘bias and each so constructed and -arranged with respect
to the radial spacing of said tracks and the drop-off steps
thereof that in each cycle of révolution of said wheel at
least two of said contacts will be electrically engaged dur-
ing a substantial portion of the range of angular travel
of said ratchet wheel until the latter is moved to advance
one of said drop-off steps into position to permit a first
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one of said two engaged contacts to snap away from the
other, and substantially concurrently therewith to release
a third said contact to spring into engagement with said
other contact; and upon a still further movement of said
wheel to cause said other contact to disengage said third
contact and reengage said first contact, with Tepetitions
of said cycle by like advances of the ratchet wheel.

2. A switching device having a rotary member with
concentric spirally-evolved tracks thereon each having an
origin and a terminus, the termini constituting contact
drop-offs; cooperative contact members each having -a
riding part and mounted relative to the rotary member,
and biased toward the axial rotative center of the latter,
such that the several riding parts each ride an appertain-
ing one of said cam tfacks and tend to drop off the re-
spectivé termini thereof on-turning of the rotary member
appropriately, the respective origins and termini of the
several tracks being gapped apart angularly a distance to
permit the appertaining contact riding parts to drop there-
through; said termini being angularly offset relative to
each other in a predetermined manner to cause the drop-
off actions for the respective blades to occur in a predeter-
mined sequence.

3, In a rotary type switch having contact blades with
parts adapted to be actuated by riding a spiral tracking
formation moved about the axis of rotation thereof, im-
provements comprising, namely: a spiral tracking mem-
bér for actuating a plurality of contact blades in prede-
termined sequence and comprising a plurality, equal to
the number of contact blades to be actuated, of forma-
tions evolved spirally about said axis; contact means in-
cluding a riding part each arrafiged to ride one of said
formations, means biasing each contact means to cause
the appertaining riding part to bear yieldingly against
the appertaining track formation in a radial sense; each
said formation having a gap in the arc thereof providing
a drop-off formation for the appertaining riding part
whereby the latter and the corresponding contact means
is caused to move in a radial sense relative to another
said contact means, the several drop-off formations being
spaced apart in a direction around said axis.

4, A switching device comprising a rotatable member
and means for moving same about its axis of rotation;
at least three spiral tracks on said member evolved about
said axis each track having an origin with a terminus
lying farther. out radially than its origin and located on
a radius which i close to, but spaced from, a radius con-
taining the corresponding origin by a predetermined
small number of degrees so as to provide an appertain-
ing drop-off gap for each track; and a set of contacts
each having a riding member adapted to bear in a radial
sense upon an appertaining one of said tracks; means
mounting said eontacts so that the respective riding mem-
bers thereof lie one after another along -a narrow radial-
zone outwardly from said axis, said contacts being spring-
‘biased toward said axis so ‘as to shift toward the latter
on passing from the drop-off terminus of the appertain-
ing tracks, said gaps being angularly offset so as to cause
said contacts to drop off in a predetermined order for
circuit changing engagement and disengagement .in cyclic
rotation of the rotatable member.

5. A spiral cam switch comprising a rotatable ‘carrier
‘having a plurality of tracking formations each extending

_in a direction spirally about the axis of rotation of the

carri§r afnfi ‘spaced one from another in directions radial
to said axis, and each having a gap opening therethrough

‘in .radial directions to provide-contact drop-offs; a plu-
rality of cooperative contact blades fixed in position. ad-

jacent said carrier ‘to move in switching action along lines
radial ‘to said ‘axis each blade having a track-riding part;
‘means spring-biasing said blades to press in a radial di-
rection and ride -an appertaining one of said tracking
formations and adapted to move in drop-off switching ac-
tion from :the appertaining drop-off ‘responsive to rota-
tive ‘displacement of the carrier whereby to change
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switching engagement with another said contact, said gaps
being located relative to each other at predetermined
angular locations about said axis to effect said drop-off
switching actions at correspondingly different times dur-
ing such rotative displacement,

6. Apparatus as set forth in claim 5 further character-
ized in that said tracking formations are similarly evolved
about said axis from respective points of origin to lie at
substantially increasing radial distances from said axis
progressively thereabout, whereby to progressively in-
crease the tension on said blades as said carrier turns in
the direction of said radial increase from said origin such
that the said drop-off actions will occur with a snap
action.

7. A spiral cam switch comprising a rotatable carrier
member having a plurality of concentric, radially spaced-
apart tracks each evolved spirally about the axis of rota-
tion of said member and each containing a gap located
along a radius which is shifted angularly relative to other
such gaps to provide a plurality of contact drop-offs, and
a plurality of cooperative contact members fixed adjacent
said carrier and each spring biased in a radial sense rela-
tive to said axis and each having a member pressing in
a radial sense to ride one of said tracks under drop-off
tension and adapted to snap from the appertaining gap
on appropriate angular movement of said carrier mémber
and change switching engagement with at least one co-
operative contact, said gaps being situated at different
angular positions to cause the said drop-off movements
to occur at different angular positions of said carrier
member.
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8. A spiral cam type of switch comprising a rotatable
member adapted to be rotated unidirectionally and hav-
ing a plurality of independent, spirally-evolved tracks ar-
ranged about the center of rotation of said member and
substantially spaced apart one from another along lines
radial to said center, their spirals increasing along radial
lines in the direction of rotation of said member, a set
of switch contacts each having a tracking member posi-
tioned to follow one of said tracks, said contacts all being
spring-biased to cause said tracking members to bear
radially and yieldingly in foliowing engagement with the
appertaining track in a predetermined radial drop-direc-
tion; each track having a step dropping in said drop direc-
tion and said step being respectively situated at predeter-
mined locations angularly about said center such that
during one revolution of said rotatable member said con-
tacts will drop from the appertaining track steps and a
starting switching condition in a change-switching action
in a predetermined order and will reengage their respec-
tive tracks and be returned to said starting condition on
continued movement of said rotatable member in a suc-
ceeding revolution.
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