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This invention relates to piezoelectric appa-
ratus and more particularly to relays or the like
wheérein the actuating member is similar to the
plezoelectric motor element disclosed in the
.Sawyer Reissue Patent 20,213,

. Plezoelectric crystal elements of the sodium-
‘potassium tartrate type have many advantages
for relay actuationi. They tend, however, to con-
tract or expand with changes in temperature and
to “set” or sag while in use, with the result that
the contact spacing, which must be exact, is often
disturbed. ] :
. An object of the invention, therefore, is to pro-
vide a relay of the plezoelectric element type that
shall be immune to the effects of “set” or sag.
Another object of the invention is to provide

" & relay, actuated by a piezoeleetric eiement, that

shall noet depend upon. critical contact spacing
and one that is substantially unaffected by tem-
perature changes. :

Another object of the invention is to provide
8 relay, actuated by a biezoelectric element, that
shall be rapid in action, inexpensive to manufac-
ture, yet extremely rugged. - :

Another object of the invention is to provide
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a relay or the like, actuated by a piezoelectric -

element, wherein alteration of the shape of the
element, from natural causes, or at very low ve-
locity, does not interfere with reiiability.

& still further object of the invention is io
provide & reiay or the like, actuated by a multi-
piate flexing piezoelectric element, wherein “set”
or sag thereof shall be compensated automatically.

In accordance with the invention, a piezoelec-
tric element, preferably a muitiplate flexing ele-
ment of the type disclosed in the:-Sawyer patent,
is so supported in operative relation to an instru-
mentality having a movable psrt such, for ex-
ample, agz a “snap-action” switch, that slow
changes in-the shape of the element, at low ve-
locity or from natural causes, are continuougly
compensated, whereas movements thereof at high

36

pivot, the free upper end being operatively con-
nected with the switch. The system is in stable
equilibrium and, if the resistance offered by the

" switch to movement by the free end of the ele-

ment is properly adjusted, slow bending of the
element is compensated by rotary movement of
the weight about its pivot, the free end of the
element being effectively “decoupled” from the
switch. When, however, potential is applied to
the electrodes of the element such as to cause
it to bend with high velocity, the inertia of the

‘weight is such that it serves the purpose of a

fixed mounting, causing operation of the switch.
Another way of explaining the action is by anal-
o€y to & high pass filier, the movable part of the .
switch corresponding to the output terminals
thereof, and the weight corresponding to & shunt-
ing inductor. .

The novel features of the invention are set
forth with particularity in the appended claims.
The invention. itself, however, both as to its or-
ganization and its method of operation, together
with further objects and advantages thereof, will
best be understocd from a consideration of the
foliowing description of certain specific embodi-
ments taken in connection with the accompany- .
ing drawing in which: -

Fig. 1 is & diagrammatic elevational view of
cne embodiment of the invention, also showing
an operating circuit therefor.

¥ig. 2 is a conventionalized side elevational view

~ of a modification of the device shown in Fig. 1.
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velocily are transmitted to the said instrumen-
tality Te obtain such action, a piezoelectric eie- )

ment of either the “bender” or the “twister” type
may be utilized, one portion of which is opera-
tively engaged with the switch at all times while
another portion is permitted to move slowly, as
the element “sets,” without disturbing the engage-
ment with the switch. Such elements are dis-
- closed in the Sawyer Reissue Patent 20,213, and
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they are now well known to those skilled in the -

art. For example, a “bender”’ element may be
mounted upright upon a horizontally pivoted
weight, t¢-flex in a plane at right angles _to the
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Fig. 3 is & conventionalized sectional view of
an alternative embodiment of the invention.,

Pig. 4 is a conventional view, partly in vertical
section and partly in elevation, .of another em-
bodiment of the invention.

Fig, 5 is g fragmentary view in perspective
showing an alternative embodiment of the in-
vention exemplified by Fig. 4. '

Fig, 6 is a view in perspective of an actual re-
lay constructed according to the invention, part
of the apparatus being broken away in order to
disclose more clearly the details thereof.

In all figures of the drawing, identical elements
are similarly designated. e :

Referring now to Fig, 1 of the. drawing, an em-
bodiment of the invention may comprise a weight
{ rotatably supported upon a horizontal pivot 3
on the upper surface of which is'vertically mount-
ed a plezoelectric crystal element 5 of the mul-
tiplate bender type, the erystal sections constitut-
ing the element being disposed in planes paralle]
to the plane of the weight-supporting pivot 3.
The upper end of the piezoelectric element ispra-
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vided with meahs such as a plurality of fingers
1—1, or the like, which engage the movable part
8 of-a snap-action switch (i, or the like, of the
type that requires only a short “throw” for actu-
ation. .

As is well known to those skilled in the art,
snap-action switches usually require a certain
definite amount of force to throw them from one
position past dead centfer to the other position.
This action may be secured by a small spring so
mounted with respect to the movable part of
the switch -or similar device that it is placed un-
der tension as the said movable part moves
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through dead centér, the tension being relaxed *

at either of the “rest” positions. There is also
another well known short throw switch on the
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markét known as a “micro switch,” manufac-

tured under United States Patent 1,960, 020 by
the .Micro Switch Corporation of Freeport Illi-
The latter switch requires a short throw
for operation to the closed position, after which

it tends, because of its construction, to-return to-

the open position. A slight modification of this
invention is necessary. for the operation of a
“micro switch” or switches of that general type,
as hereinafter will be explained in connection

. with other figures of the drawing.

For the purpose of causing the multiplate flex-
ing eléement 5 to bend to either one side or the

other, a source of potential is provided for ap-

plication to.the inner and outer electrodes there-
of. The source may, if desired, be unidirectional
and a reversing switch (not shown) may be uti-
lized or it may be constituted, as shown in Fig. 1,
by a battery {3, a central tap 15 which is con-
nected to the interior elecirode £7-of the muilti-
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plate flexing element, a three-point switch 19 be~ .

- ing so connected to the outer electrodes 21—2i

of the multiplate flexing element that either the
positive or negative termhinal of the battery 13 may

" be connected thereto: A bleeding resistor 23 hav-

ing a resistance usually of the order of +; to 10
megohms is connected across the electrodes of

- the multiplate flexing element for the purpose of

dissipating the charge thereon after actuation
thereof and after opening of the switch.

The weight { is so ehosen and the position of
the pivot 3 is so fixed that the system constifuted
by the piezoelectric element § and the weight is
in-a state of Stable equilibrium. Furthermore,
the inertia of the weight is so related to the force
required to throw-the snap-action .switch past
dead center that when the crystal element § tends
to slowly sag or “set” or to change its shape
because of temperature changes, the switch 1 is
not actuated but the weight { is so moved in &
small arc around the pivot 3 as to compensate
for changes in c¢rystal element configuration.

.However, if potential is applied to the electrodes,

the crystal element flexes at high velocity and,
because of the inertia of the weight and the
crystal element itself, the lower end of the ele-
ment does not move appreciably but the upper
end thereof moves with great force to snap the
switch past the dead center position.

The device; therefore, is immune to tempera-

ture effects, and to the effects of set or sag, re=_

sponding, to actuate the switch,-only to potentials
such that the crystal is caused to flex suddenly:

Obviously, the apparatus will be immune to
very low frequency alternating potentials if the
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frequency thereof is below the natural flexing pe- -

riod of the crystal and weight assembly, and the -

apparatus, accordingly, may be utilized to dis-
criminate between high and low alternating fref
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. as “Viscoloid.”

quency currents. Should the impressed potential
corréspond in frequency to flexing period of the
system, the switch will be repeatedly actusted.
It may be, of course, forced {0 operate, even &t
a different frequency, if the potentlal is suffi-
ciently high.

There are a number of modified embodiments -
of the invention anslogous to the device shown'
in Fig. 1. For example, referring to Fig. 2 of the
drawing, the piezoelectric element 5 may be sup- .

‘ported horizontally upon the weight { as shown '

in full lines in Fig. 2, or vertically below the
pivot 3. In such event, the vertically suspended
€lement would function in exactly the same man-
ner as hereinbefore described in connection with
Fig. 1. A “micro switch” 25 may be associated
with the horlzontally positioned piezoelectric ele-
ment provided & resilient adjustment device 21 is
supplied for maintaining a definite pressure upon
the free end of the element to balance the tend-
ency ‘of the movable portion 29 of the “micro
switch” to return to its open position. The ac-
tion of the adjusting device 27 will be explained
in more detail in connection with Flgs 3 and 6
of the drawing,

Inasmuch as the spirit of the invention resides

_in the provision of means whereby slow move-

ments of the crystal element are permitted with-
out disturbing its operative relation to a snap-
action switch, or the like, substantially the same-
result may be obtained by providing a deformable
mounting therefor in lieu of the pivotally sup-
ported weight {, the inertia of the crystal ele-

.ment itself being relied upon te secure snap~

action. Such alternative embodiment of the in-
vention is exemplified by Fig. 3 of the drawing
wherein one end of the crystal element is em-
bedded in a mass 3f of deformable material siich
The free end of the crystal ele-
ment, still referring to Pig. 3, rests upon the
movable portion 29 of a snap-action switch 25,
such as the “micro switch” previously referred to,
and is held against it by an adjusting device 27
shown partly in section and partly in elevation.

The adjusting device 27 is constituted by a small

plunger 33 that telescopes within & hollow screw .
8% having a knurled head 37 and is resiliently
urged against the upper face of the multiplate
fiexing element by z small spring 3¢ interposed
between the inner end of the hollow screw and

-the top of the plunger. The pressure exerted by

the spring upon the plunger and ul{imately upon
the crystal element is determined by adjustment-
of the hollow serew in a yoke 4{ such as is shown
more clearly in Fig. 6. The pressure is made
just slightly to overbalance the tendency of the

switch knob 29 to return to the open position but

it is-insufficient to cause any appreciable move-

ment of the crystal element such as would actu-
ate the switch 25,

11, in use, the crystal element § shown in Fig. 3
tends to sag or “set” or otherwise to change its .
configuration, such change is permitted &t & slow
rate by the semi-resilient-mounting 3{, the un- -
mounted end of the element always being main-
tained, by the device 27, in operative relation
with the movable portion 28 of the switch. 'On
the other hand, when potentials are applied to
the electrodes of the element, the sudden flexing
thereof is resisted by the mountmg and by the
inertia.of the mounted end, with the result that
the end in contact with the switch mechanism
either moves to cause the switch to close or te
permit it to open.- Essentially, the operation of
the device is’ the same as that of the first de-
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scribed alternative embodiment of the invention.

A still further embodiment of the invention is
exemplified by Fig, 4 of the drawing, wherein a
snap-action switch {1 is operatively connected by
a rod 43, or the like, to the mid-portion of a piezo-

electric crystal element 45 of the multiplate

bender type, the ends of which are fixed in a
yoke 471, which is in turn supported from the
piston 49 of d dash-pot §1. No attempt has been
made in the drawing to show the details of an
- actual dash-pot, the essential feature of. which
is the provision of a very small passageway 53
between the cylinder in which the piston carry-
ing the yoke moves, and a storage reservoir 55.
Should the bender type element shown in Fig,
4 tend slowly to deform, only relatively slight
resistance is offered to the fiow of fluid through
the interconnecting passageway 953, and the piston
- moves to compensate the changes in shape of the
crystal while permitting the switch arm 9 to re-
main in position. When, however, potential is
applied to the bender element, it tends to flex at
- high velocity and in such event the passageway
53 offers extremely high resistance to movement

of the fluid against which the piston presses with-
the result that the yoke 41 carrying the piezo-.

electric element does not move, thus permitting
the crystal to exert sufficient force upon the
switch arm 9 to actuate it.

In some respects, the embodiment of the inven-
tion shown in Fig, 4 is advantageous because the
opposition to-movement of the crystal mounting
is “resistive” rather than what might be termed
“inductive” such as is the case with the embodi-
ments exemplified by Figs. 1 and 2. Its action
is quite closely analogous to the action of the

‘mounting means 31 shown in Fig. 3 in that after

the crystal has slowly deformed by reason of

natural causes, no restoring force is applied to
it other than the difference in level between the
fluid in the cylinder of the dash-pot and in the
storage chamber.

[+

10

20

25

30

35

40

‘cal planes.

3

As will be apparent from an inspection of the
drawing, the pairs. of corner-clamping devices
656—61 are such as to permit a limited rocking
movement of the piezo-electric element while re-
straining- any movement of the corners in verti-
Accordingly, as the element sets or
sags or changes its shape hecause of temperature
changes, no force is applied to the switch arm,
the free end of the element being permitted to
move slowly {0 compensate such changes. How-
ever, when potentia] is applied to the electrodes
as described in connection with Fig. 1, the free
corner 68 and the corner 1f-in contact with the
switch arm tend to move with high velocity. Be-
cause of the construction of & twister type piezo-
electric element, the free corner and the corner
in eontact with the switch tend to move down-
wardly while the clamped corners tend to move
upwardly or vice versa, depending uipon the po-
larity of the applied potential. If it is assumed
that the momentarily applied potential is such as
to cause the free corner to move downwardiy at
& high velocity while the corner in contact with
the switch arm also tends to move downward,
the tendency toc movement of the sald free cor-
ner introduces a reaction into the system that is
the same in kind as the reaction that would be
introduced were the said free corner to be pro-
vided with g weight. This effect, together with
the actual inertia of the free corner, causes the
crystal to flex around an axis interconnecting
the clamped corners with the result that the
switch is moved to the closed position where it is
held by the resilient adjusting device until such
time as a potential of opposite polarity is applied.

It will, accordingly, be apparént from a con-
sideration of the foregoing description of several
modifications of the invention, that it offers ad-
vantages heretofore uncbtainable. The inven-
tion is mainly advantageous in that it obviates all
need for exact and meticulous contact spacing

. and in that a device consfructed in accordance

Referring to Fig. 5, if a “tw1ster” element 51

is utilized in the embodiment exemplified by Fig.

4, a plurality of yokes 41 are utilized and they
are connected, respectively, to pairs of opposite
corners of the element.

Perhaps the simplest embodxment of the inven-
tion is one wherein resilient mountings, weights,
and the like, are dispensed with and the inertia
of the crystal-element itself is relied upon to
cause g switch to be thrown when the said ele-
ment is energized. Such g device is shown in Fig.
6 of the drawing. It preferably comprises a base
59 having two uprights 61, the said uprights, re-
spectively, serving to hold the opposite corners
of a piezoelectric element 57 of the torque or
“twister” type. ¥For clamping purposes, each
upright may be provided with a slot or niche 63
having a vertically extending abutment 65 on
which & corner of the crystal rests and against
which the corner is held by a clamping screw 67.
One corner 68 of the crystal is left perfectly free
while the diagonally opposite corner T{ rests upon
the upwardly extending movable operating arm
29 of a switch 25 such as a “micro switch,” The
last-mentioned corner of the crystal is resiliently
held against the operating arm of the “micro
switch” by an adjusting device of the type shown
in section in Fig. 3 that is mounted in a yoke 44
which extends over the said corner. By turning
the knurled head 37 of the adjusting device, the
pressure upon the switch arm 29 may be main-
tained just sufficient to hold it in the closed posi-
tion after actuation by the piezoelectric element.
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‘natural causes.

therewith is. free from the froublesome disturb-
ance of contact spacing introduced by “set” or sag
or by changes in crystal element configuration
resulting from temperature changes or from other
Operative engagement between
the crystal element and the switch arm is main-
tained throughout the useful life of the device
and it has proven to be very rugged and reliable
in operation.

_ Further a.dvantages of the invention as well
as further embodiments thereof w;ll be appar-
ent to those skilled in the art to which it per-
tains. Por example, any other dévice, capable
of being actuated by a relatively small move-

ment of an element thereof, may be substituted -

for the switches shown. The invention, there-
fore, is not to be limited except insofar as is ne-
cessitated by the prior art and by the spirit of the
following claims.

What is claimed is:

"1, In combination, a piezoelectric element
adapted to flex rapidly in response to an electri-
cal potential applied thereto, a switch having a
movable part biased into operative engagement
with said element and yieldable mounting
means for said element permitting it to move
slowly while maintaining engagement with said
movable part.

2. The invention set forth in claim 1, further
characterized in that the switch is of the “snap-
action” type.

3. In combination, a piezoelectric element
adapted to flex at high velocity in response to
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an electrical potential applied thereto, & swiich
having 2 movable part biased into operative en-
gagement with said element, and vieldable mount-
ing means for said element, the mounting means
permitiing the element to move slowly while
maintaining 8 substantially fixed relation to said
movabie part. ) .

4. The invention set forth in claim 3, further
characterized in that the switch is of the “‘snap-
gction” type. :

§. In combination, s piezoelectric element, 2
switch having a2 movable part oberatively asso-
clated with sald element for actustion thereby
&t high velocity and a yieldaple support for the
element against which it rescts during actuation
of the movable part, saig support permitting the
element to move slowly while maintaining operg-
tive association with the movghle part. ‘

6. The invention set forth in claim .5, further
cheracterized in that the switch is of the “spap-
action” type,

7. In combination, g piezoelectric element, an
instrumentality of the “snap-action” type having
& movable part in operative engagement with 2

portion of the element, and g support for the .

element against which it reacts during operation
of the instrumentality, the support offering a
large opposing force to movements of the crystal
at high veloclty and relatively small opposing
force to movements thereof at low velocity, where-

60 the said movable part. . .

8. In combination, & piezoelectric element, a
carrier therefor including s weight, means sup-
portihg the weight for rotary movement around
an axis adiacent $o its center of gravity, the en-
tire movable system being so construcied and ar-
ranged that it is in stable equilibrium,

9. In combinstion & piezoelectrie element, an
instfumentality of the “snap-action” type having
& movable member, means for establishing and
meihjaining operative engagement between said

moveble member and one portion of the piezo--

electric element, and mounting means 16r hold-
ing another portion of said element in semi-fized
position, the s2id mounting means substantially
impeding rapid motions of the portion of the ele-
ment supported thereby while permitting siow
movements thereof.

18. The invention set forth in claim 9, further
chatacterized in that the ssig mounting means
includes g material having high internal viscosity,

11. The invention set forth in elaim 9, further
characterized in that the
of the multiplate flexing type.

12. In combination, s piezoelectric element and
a carrier therefor constituteq at jeast in part by
g dash-poft.

piezoelectrig element»is

en
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13. In ccmbination, a plezoelectric clement snd
& carrier therefor comprising a dash-pot and
means connecting the element to the dash-pot.

14, In combination, 2 piezoelectric element,
means of the snap-action type having a movabie
pari In operative engagement with a movable
portion of the element, said movable part ex-
erting a first force against the movement of the
element which upon said force being overcome
actuates said snap-action means, means associ-
ated with said element for exerting a second foree
against movement of said element, said force ex.
erfed by said associated means due to seb or sag
of said plezoelectric element being insufiicient to
overcome said first force and cause actustion of
said snap-action means, and sald force exerted
by said associated means due to operaticon of said
piezoelectric element being sufficient to overcome
said first force and cause actuation of said snap-
action means.

15. The invention as sei forth in claim 1, fur-
ther characterized by means for adjusting the
force of the bias. .

'16. In combination, & piezoelectric element
adapted to flex rapidly in response te an eleciri.
cal potential applied thereto, & switeh having a
movable part biased into operative engagement
with. said piezoelectric element, and movabie
mounting means for said piezoeleciric: element
permitting said element to move slowly while
maintaining engagement wi'th the said movable
part of said switch without actuating saig switch,
the resistance of said mounting means to move.
ment when said element flexes rapidly causing
said switch to be actuated.

17. The invention as set forth in claim 18,
further characterized in this: that said movable
mounting means comprises 2 mass of deform-
able material within which a portion of said pi-
ezoelectric element is embeddeg,

18. The invention as set forth in claim i,
further characterized in this: that said movable
mounting means comprises pivotably mounteq
inerfia means to which a portion of said piezo-
electric element is connected,

18. The invention as set forth in claim 5, fur-
ther characterized in this: that said yieldable
support comprises deformable magerial within
which a portion of said piezoelectric element is
embedded.

20. The invention 2s set forth in claim 5, fur-
ther characterized in this: that said yieldable
support comprises pivotably mounted inertia
means $0 which a portion of said piezoelectric
element is connected.
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