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Improvements in Snap Action Electric Switches

We, Narrowar RESEARCH DEVELOPMENT
CorroraTiON, a British Corporation,
established by Statute, of 1, Tilney Street,
London, W.1, do hereby declare the
invention, for which we pray that a
patent may be granted to wus, and the
method by which it is to be performed,
to_be particularly described in and by the
following statement : —

In snap-action electric switches it is
desirable when the switch is operated that
there is no decrease in contact force until
the snap motion in actually initiated. It
is the object of the present invention to
provide an improved form of switch in
which the application to the switch blade
of the operating force causes an initial
rise in the contact force between the
contacts to-be broken, ’ :

More particularly the invention is con-
cerned with a snap-action switeh of the
kind comprising a blade system which
carries, or itself forms, a movable contact
or contacts, and which is arranged in
compression between its ends so as to be
bowed freely therebetween, the dis-
position of the contact assembly being
such that through a change in the bow
formation upon the application to the
blade system laterally at or near one end
thereof of the operating force an initial
rise in the contact pressure is caused
between the contacts to be broken, and
whevein the contact assembly is disposed
not more than one quarter of the blade
length away from the end of the blade

“ remote from the point or anchorage to or
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near which the operating force is applied.

According to the present invention a
switch of the kind hereinbefore referred to
is modified in that the blade system con-
sists of two blades mounted together
between two anchorages and mechanically
coupled at or near one end, the operating
force being applied to the opposite end of
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one blade and the other blade carrying, or
itself forming, the movable contact or
contacts disposed not more than one
quarter of the length of said blade away
from the
from its said coupled end.

As a preliminary to the understanding
of the invention, reference is made
initially to Figures 1 to 7, 9 and 9a of the
drawing left with the
fication.

Reference will be made later herein to
Figure 8 which illustrates a construction
embodying the invention.

Referring now to the drawing left with
the provisional specification it will be
observed that in all the figures a blade
system  is  supported between two
anchorages. These may be adjustable and
may take the form described in British
Patent Specification No. 617,076, in
which case they are intended to remain
locked in position once they have been
adjusted to their correct angular dis-
position. The switch is operated by the
application to the blade of forces such as
T (Tigures 1 and 2) causing the blade to
gdopt the configuration shown in Figure

Tigures 1 to 5 show the two ends of the
lade spring set in line. This alignment,

however, is not essential to the proper
functioning of the switch. For instance,
if both ends of the blade are twisted in
opposite directions
then locked, a snap action is obtained but
the switch develops a non-locking
property, the blade tending to return to
the configuration of Figure 9 when the
operating force is removed.

Again, if the two ends of the blade of
Figure 1 are turned in the same direction,
the non-locking effect disappears, and the
snap action is still retained, but the force

anchorage end thereof remote b))

provisional speci- 5
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9a). As explained in the Speci-
No. 617,076 such- twists in the
same sense applied to the two anchorages
(which are then locked in position) will
reduce the positive stiffness of the blade
until when the twists arve large enough a
point is reached at which the blade has
zero stiffness. At this point the snap effect
disappears. -

Adjustment of the angles of twist of
ihe anchorages therefore provide a means
of varying the bias of the switeh action
(locked or non-locking) and the force
required to operate the switeh, which is
directly related to the forces hetween the
blade and the contacts on which it is
designed to bear.

I£ an external force T i3 applied at a
point X, to 4 blade set as in TFigure 1,
movement of X, to X, causes movement
of a point C,, at the remote end, tfo C..
Thus, if X moves downwards (¢ moves
upwards. This is true so long as € Hes in
approximately the last quarfer of the
blade. Moreover it is found that a certain
point in the hlade in this quarter will have
the property that when X reaches X.,
which is shown in Figure 2 and is on the
line of centres, (' reaches (', which is
coincident with (', or lies hetween (¢, and
( 1)

(Figure

Now when X has reached X, the stiff-
tiess measured at X passes through zero to
negative and the blade flies aver to the
shape shown in Figure 3 with X at X,
provided there i< no restraint to the
motion of X.

Tt follows therefore that if the contact
is provided to hear on the blade in position

40 (', with a certain contact force f.. the
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* freely towards X,
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initiation of the operafion of the switch
by the application of a force F will cause
ilie contact force f to increase, and further
that f will not fall below the value of f,
under the snap motion initiated by X
reaching X,.

These are highly desirable properties in
a snap-action switeh.

Tt follows of course that if the force T
continues fo he applied at X, after the
blade has snapped over, X, will move to
X, (Figure 4) and C, to €. Should the
<witch be of the change-over type with a
<econd contact set to bear on the blade at
(*, the result would be a lowering of the
contact force at (', which is undesirable.

This may be avoided in three ways. In
the first, the lever (dolly) which operates
the switeh can be provided with stops
which prevent this motion from X, to X..
Tn the second, as it i3 necessary to obtain
rapid snap action to allow X. to move
the lever has an
extension which, while embracing the
blade at X, will do so with some clearanee,

this clearance, combined with the stops

referred to, preventing movement from

X, to X,. In the third, a subsidiary

_spring member, e.g. a blade or a coil

spring, may be provided which tends fo
force the dolly towards the central
position, This spring has two valuable
effects; it removes the slack in the dolly
pivots and it applies to the blade, when
in either of its vest positions, a force
which tends to inerease the confact force
f at either position ('} or (.

Figure 6 is a side view of the blade
spring shown in plan in Figure 1. It will
be seen that the extension S, which
engages with the operating lever, is made
in one piece with the main blade, which
is rivetted to anchorages A and B at
each end. The blade S engages tightly
with the operating lever, and the Iatter
embraces the main blade with some
clearance as explained.

The effects described above can be
obtained with an alternative method of
construction in which the anchorage A,
adjacent to the operating lever, is allowed
to rotate when the blade is caused to
deflect. This however, demands freedom
of motion of the anchorage A, which is
under some side thrust; this is therefore
not a preferred construction. A modi-
fication of this arrangement consists in
applring the force F as a twist to the
:m‘nhorag‘p itself. thus overcoming initial
friction.

To ohtain extremely rapid changeover
the arrangement of Figure 5 may he used.
Here the two ends of the blade again are
ancliored but the centre of the blade is
restrained between two pins P, and r,
}x"hu'h.al].ow the blade to slide readily.
The pins P,, P, may be displaced upwards
or d(m"nw."}rxlg on the diagram to give

“locking ** action to the switeh and may
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he displayed to the left or right to modify 110

the speed of the snap action. The <ame
general effects are obtained, G, moving to
€, as X moves from X, to X, under the
influence of the operating force F. But in

this case there are two snap actions, one 115

on each side of the pins P,, P, : the right-
hand side eannot snap over until the Teft-
hand side has operated. Thus the right-
]‘1‘5111(1.Si(]e which carries the contacts at
C, will receive a sharp initiating impulse
when the left-hand side snaps over, thus
being carried very rapidly up to ity own
unstable point, then forced to snap over.
In this construction any tendency for the
contact resistance to fluctuate as the point
(* changes position against the fixed
contact, causes resistance changes which
can exist only for a verv short {ime
indeed. '

In connection with swifches of the so-
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called micro-gap type, it is necessary that
‘the fraverse of the point C between its
“fon " and “ off ”’ position is very small
(say 0.020 inch). At the same time it is
5 desivable to retain a fairly large ““-how >
on the main blade in order to give a large
angular motion of the dolly. If the blade
were of uniform width these two require-
ments might lead to the placing of C very
close to B with several consequent manu-
facturing difficulties. These can be
avoided by increasing the width of the
blade near to B as shown in Figure 7. The
distance between B and C can now be
15 increased while maintaining the traverse
of C at 0.020 inch for the following
reason. That part of the blade which has
heen widened will be stiffened in pro-
portion. The forces developed on this
stiffer part of the blade when the switch
is operated will be of the same order as

before, and therefore the deflection at a

given distance from the support B in

Tigure 7 will be reduced. But by setting

25 C further from B the desired small dis-
placement is restored. As a result, small
errors in the location of C will have little
effect on the traverse and adequate space
is available for the fixed contacts.

30 Tigure 8 shows a construction of the
kind hereinbefore referred to and modi-
fied in accordance with the invention. In
this side elevation A and B are fixed
anchorages between which the blades D,,

35 D, are secured as shown in plan in Figure

1. Operating forces are applied to D, at

X. When D, snaps over it pulls blade D,

with it by virtue of the bridge piece P,

the blades and bridge piece being punched

out in one piece. It will be seen that the
force exerted by 1, on D, will depend on
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the distance a. In manufacture the clear-
ance between B and P is adjustable and
set by a suitable jig to confer on the
assembly  the  1ight  performance 46
characteristic.

It is to be noted that the initial move-
ment of D, will at first cause a very small
pull on D, since P is merely flexed side-
ways, but as D, moves further P comes
into tension and drags D, with it. But D,
will not move very far before the blade
D, snaps over; hence D, does not receive
its major operation force until D, has
already started to move at high velocity.
This results in extremely rapid operation
of D, which is entirely unaffected by any
residual pressure applied to D, by the
hand operating the switch dolly. The
anchorage B may rotate and P be
removed, or B may be fixed, the upper
half of A be fixed and the lower half
attached to D, be allowed to rotate.

What we claim is: —

1. A switch of the kind herein referred
to, modified in that the blade system con-
sists of two blades mounted together be-
tween two anchorages and mechanically
coupled at or mear one end, the operating
force being applied to the opposite end of
one blade and the other blade carrying, or
itself forming, the movable contact or con-
tacts disposed not more than one quarter of
the length of said blade away from the
anchorage end thereof remote from its
said coupled end.

2. A switch as claimed in claim 1,
substantially as deseribed with reference
to TFigure 8 of the drawings herein
referred to.

S. W. SLAUGHTER,
Agent for the Applicants.
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Improvements in Snap Action Electric Switches

We, NaTIoNAL RESEARCH DEVELOPMENT
CorporaTION, o British Corporation,
established by Statute, of 1, Tilney Street,
London, W.1, do hereby declare the
nature of this invention to he as
follows : — .

It has already been proposed to provide
a snap-action switch in which the blade
consists of a *“ sine-spring *’ set to have a
90 negative stiffness when the middle of the

blade lies in a position of symmetry
between its two anchorages. The pro-
posal was made either that ome of the
sine-spring anchorages should be rotated
96 fo cause the switch blade to snap from one
contact to the other, or alternatively, that
the blade, held in fixel anchorages,

- shonld be caused to move by the pressure

86

of the operating lever (or dolly **) upon
a part of the spring blade lying hetween 100
the anchorages. )

The present invention can he applied to
either of these two hasic constructions
although it concerns primarily the dis-
position of the electrical contacts against 105
which the blade is forced by the move-
ments of the *“ dolly,” and also the pro-
vision of additional restraints on the
blade. ,

We have found that it is advantageous 110
to dispose these contacts near the end of
the blade remote from the point at which
the operating force is applied, e,g. at a
position not more than about one quarter
of the blade Iength away. from the.remote 115
anchorage. L _
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A number of examples of switehes
made in accordance with the present
invention are illustrated diagram-
matically in the accompanying drawing.

In the examples illustrated, the two
anchorages are intended to be and remain
locked 1n position once they have been

adjusted to the correct angular dis-
position. External forces such as T

(Figure 1) due to the movement of the
switch ** dolly ** will cause the blade to
move as shown in Figures 2 and 3.
Tigures 1 to 5 show the two ends of the
blade spring as being set in line within
each other although such exact align-
ment is mnot essential fo the proper
functioning of the switch. For instance if
hoth ends of the blade are twisted in
opposite directions (as in Figure 9) and
then locked a snap-action is obtained but
the switch developes a non-locking
property, the blade fending to return to
the conformation of Figure 9 when
the operating force is removed. 7
Again if the two ends of the blade of
Tigure 1 are turned in the same direction,
the non-locking effect disappears, and the
snap action is still retained, but the force
required to operate the switch s reduce:d
(Figure 9a). As explained in Patent
Application No. 3277045 (Serial No.
617,076) such twists of the same sense
applied to the two anchorages ( which are
then locked in position) will reduce the
«tiffness of the blade until when the twists
are large enough a point is reached at
which the blade has zero stiffness. At this
point the *“ snap ™ effect disappears.
Adjustment of the angles of twist of the
anchorages therefore provides a means of
varying the bias of the switeh action
(locking or non-locking) and the force
required to operate the switch, which is
directly related to the forces between the
blade and the contacts on which it is
designed to bear.
T an external force T is applied at a
point X, to a blade set as Tigure 1, move-
ment of X, to X, causes movement of a

50 point (', at the remote end, to (Y. Thus

b

1# X moves downwards € moves upwards.
This is true so long as (* lies in approxi-
mately the last quarter of the blade.
Moreover it is found that a certain point
in the blade in this quarter will have the
property that when X reaches X, which
is shown in Figure 2 and is on the line of
centres, (' reaches ('; which is coineident
with €, or lies between C, and (.

60 Now when X has reached X, the stifi-

65

ness measured at X passes through zero
to negative and the blade flies over the
shape shown in Figure 3 with X at X,
provided there is no restraint to the
motion of X.

It tollows therefore that if a conlact is
provided to bear on the blade in position
(', with a cerfain contact force f,, the
initiation of the operation of the switch
by the application of a force I will cause
the contact force f to increase, and further
that f will not fall below the value of 7,
until the ** snap = motion is initiated by
X reaching X,.

These are highly. desirable properties in
a snap-action switeh.

It follows of course that if the force T
continues to be applied at X, after the
blade has snapped over, X, will move to
X. (Figure 4) and C, to C;. Should the
switch be of the change-over type with a
second contact set to hear on the blade at
C, the result would be a lowering of the
contact force at €, which is undesirable.

This may be avoided in three ways. In
the first, the lever (dolly) which operates
the switch can be provided with stops
which prevent this motion from X, to X.
In the second, as it is necessary, to obtain
rapid snap action, to allow X; fo move
freely towards X,, the lever has an
extension which., while embracing the
blade at X, will do so with some clear-
ance, this clearance, combined with the
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stops referred to, preventing movement 95

from X, to X.. In the third, a subsidiary
spring member, e.g. a blade or a coil
spring, may be provided which tends to
force the dolly towards the central
position. This spring has two valuable
effects: it removes the slack in the dolly
pivots and.it applies to the blade, when
in either of its rest positions, a force which
tends to increase the contact foree f at
either positions €, or C;.

Tigure 6 is a side view of the blade
spring shown in plan in Figure 1. Tt will
he seen that the extension S, which
engages with the operating lever, is
made in one piece with the main blade,
which is rivetted to anchorage A and B
at each end. The blade S engages tightly
with the operating lever, and the latter
embraces thie main blade with some clear-
ance as explained.

The effects described above can be
obtained with an alternative method of
construction in which the anchorage A.
adjacent fo the operating lever, is allowed
to rotate when the blade is caused to
deflect. This however demands freedom of
motion of the anchorage A, which is
under some side thrust; this is therefore
not a preferred construction. A modi-
fication of this arrangement consists in
applying the force F as a twist to the
anchorage itself, thus overcoming initial
friction. '

To obtain extremely rapid changeover
the arrangement of Figure 5 may be used.
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Here the two ends of the blade again face
each other but the centre of the blade is
restrained between two pins P, and P,
which allow the blade to slide readily.
The pins P,, P, may be displaced upwards
or downwards on the diagram to give
*“ locking ™ action to the switch and may
be displaced to the left or right to modify
the speed of the snap action. The same
general effects are obtained, C, moving to
C; as X moves from X, to X, under the
influence of the operating force F. But
in this case there are two snap actionms,
one on each side of the pins P, P,: the
right-hand side cannot smap over until
the left-hand side has operated. Thus the
right-hand side which carries the contacts
at Cy, will receive a sharp initiating im-
pulse when the left-hand side snaps over,
thus being carried very rapidly up to its
own unstable point, then forced to snap
over. In this construction any tendency
for the contact resistance to fluctuate as
the point C changes position against the
fixed coutact, causes resistance changes
which can exist only for a very short time
indeed,

In the application of this invention to
switches of the so called * micro-gap
type, it is necessary that the traverse of
the point C Detween its “on® and
“off 7’ position is very small (say 0.020
inch). At the same tinte it is desirable to

retain a fairly large ** how >’ on the main
o o

blade in order to give a large angular
motion of the dolly. If the blade were of
uniform width these two requirements
might lead to the placing of C very close

to B with several consequent manu-
facturing  difficulties. These can . be

avoided by increasing the width of the

blade near to B as shown in TFigure 7. The

distance between B and € can now be

increased while maintaining the traverse

of Cat 0.202 inch, with the result that
a

swall errors in the location of C have little
effect on the traverse and that adequate
space is available for the fixed contacts.

Figure 8 shows a construction which is
generally related to Figure 5. In this side 50
elevation A and B are fixed anchorages
between which the blades D;, D, are
secured as shown in plan in Figure 1.
Operating forces are applied to D, at X.
When D, snaps over it pulls blade D, with 55
it by virtue of the bridge piece P, the
blades and bridge piece being punched
out in one piece. It will be seen that the
force exerted by D, on D, will depend on
the distance a. In manufacture the clear-
ance between D, and P is adjustable and
set by a suitable jig to confer on fthe
assembly  the  right performance
characteristic. )

It is to be noted that the initial move- 65
ment of D, will at first cause 2 very small
pull on D, since P is merely flexed side-
ways, but as D, moves further P comes
into tension and drags D, with it. But D,
will not move very far hefore the blade
D, snaps over; hence D, does not receive
its major operating force until D, has
already started to move at high velocity.
Thiy vesults in extremely rapid operation
of D, which is entirely unaffected by any
residual pressure applied to D, by the
hand operating the switch dolly.

It is to be understood that all the con-
structions  described, except that of
Figure 8, can be modified to allow the
anchorage adjacent to the operating lever
to rotate when the blade snaps over. In
Figure 8 anchorage B may rotate and P
be removed, or B may be fixed, the upper
half of A be fixed and the lower half 85
attached to 1, be allowed to rotate,
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Dated this 25th day of January, 1949,
S. W, SLAUGHTER,
Agent for the Applicants.

Leamington Spa: Printed for Her Majesty’s Stationery Office, by the Courier Press.—1953.

Published at The Patent Office,

25, Southampton Buildings, London, W.C.2, from which

copies may be obtained,
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This drawing is a reproduction of
the Original on a reduced scale.
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