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This invention relates to electrically operated switches
or relays and more particularly to such switches or relays
employing piezoelectric actnating elements.

Two fundamental types of driving units for relays are
utilized in the art, a magnetic type of drive and a piezo-
electric or polarized electrostrictive type of drive. For
relay speeds up to one millisecond, magnetic drives are
generally employed since the use of the usual piezoelectric
or polarized electrostrictive materials would necessitate a
prohibitively large physical structure in order to obtain
sufficient energy frem a central source.

For higher relay speeds, however, the electrical circuit
parameters assume values that are physically realizable
with piezoelectric or polarized electrostrictive materials,
affording therewith attendant advantages, including re-
liability, long life, rapidity of action and low €nergy con-
sumption.

An object of the invention is to improve the operation
of piezoelectrically actuated relays.

A more particular object of the invention is to provide
a piezoelectric relay which will operate at a very high
speed.

An additional object of this invention is to provide a
piezoelectric relay having a balanced mechanical struc-
ture, free from unwanted vibrations,

A further object of this invention is to provide a piezo-
electric relay having minimal contact chatter.

These and other objects of the invention may be realized
by one construction comprising an inner stack of piezo-
electric crystals spaced between two outer stacks of piezo-
electric crystals. The outer stacks are joined by a yoke
which overlies the inmer stack. Matable contacts are
mounted on the top of the inner stack and on the under-
side of the yoke. The stacks are so arranged that upon
the application of a direct voltage thereto, the outer stacks
will contract longitudinally and the inner stack will ex-
pand longitudinally, thereby effecting a closure of the
contacts.

In another aspect of this invention, an improved piezo-
electric relay having a balanced mechanical form and
minimal contact chatter is realized. This is achieved by
having the contractible and expansible members each
comprise a pair of stacks. The two expansible stacks are
joined by a yoke which underlies another yoke joining
the contractible stacks. Matable contacts are provided
on each yoke. A balanced construction is thereby af-
forded and, in addition, both make and break contacts
can be obtained.

In the drawing:

Fig. 1 graphically depicts the displacement for the
thickness mode upen the application of a potential dif-
ference to a polarized ceramic illustrative of those which
may be used in devices constructed in accordance with
this invention;

. Fig. 2 graphically illustrates the displacement for the
length mode when a potential difference is applied to
the same polarized ceramic;

" Fig. 3 is a side elevation of an embodiment of the in-

10

15

20

25

30

35

40

45

50

55

60

65

70

2

vention in the form of a relay having normally open
contacts;

Fig. 4 illustrates the displacement with respect to time
of a vibrating crystal structure having the characteristics
shown in Figs. 1 and 2;

Fig. 5 is a side elevation of another embodiment of
the invention in the form of a relay whose contacts are
normally closed;

Fig. 6 is a plan view of still another embodiment of
the invention in the form of a relay having a balanced
mechanical structure with both normally opened and nor-
mally closed contacts; and

Fig. 7 is a side elevational view of the embodiment of
Fig. 6.

It will be noted that the relays of Figs. 3, 5 and 7 are
illustrated in the operated condition.

Refer now to Fig. 1. The curve shown indicates the
displacement (or strain) of the thickness mode in rela-
tion to the potential gradient applied to a barium titanate
ceramic crystal having a 4 percent inclusion of lead
titanate. At a potential gradient of 15,000 volts per
centimeter the thickness expansion will result in an in-
creased thickness of about 1.5 10— parts.

Fig. 2, which depicts the displacement of the length
mode of the same barium titanate crystal, reveals that
at the same potential gradient of 15,000 volts per centi-
meter, there is a corresponding contraction in length of
about 0.57 10~ parts. Although the characteristics of
Figs. 1 and 2 are those of barium titanate, it will be un-
derstood that other substances normally used as piezo-
electric elements may be utilized in the embodiment of
this invention, including but not limited to Rochelle salt,
crystalline ammonium dihydrogen phosphate, NH,H,PO,,
known in the art as an ADP crystal, and others.

Barium titanate is selected in the preferred form of the
invention because of its high “d” constant, i.e., high
strain set up in the crystal for a given applied field.
While Rochelle salt has a “d” constant which approaches
that of barium titanate, its characteristics are less stable.
Other piezoelectric substances having low “d” constants
will require higher potential difference to produce an
equivalent strain.

In the embodiment of the invention shown in Fig. 3,
the two outside stacks 1 and 2 and the inside stack 3 are
constructed of polarized laminations. The laminations 4
of the inner stack are perpendicular to its length and the
laminations 5 of each outer stack are parallel to its
length. The two outer stacks are joined by a yoke 10
which overlies the inner stack. The yoke 10 should be
of a material which would not give rise to difficulties
as the result of temperature expansion differentials, Thus,
in the present embodiment the yoke 10 may be advan-
tageously of barium titanate, Electrodes 6 separate the
crystal laminations 4 and 5 and are in electrical contact
with the contiguous surface of each crystal on both sides
of the electrode.

As can be seen from Fig. 3, the positive conductor 7
is connected to alternate electrodes in each stack. The
negative conductor 8 is connected to the remaining elec-
trodes. Consequently, each crystal lamination has the
positive conductor 7 connected to one of its electredes
and the negative conductor 8 connected to the other elec-
trode. When conductors 7 and 8 are energized, a direct-
current potential difference appears across each lamina-
tion, resulting in the contraction of the outer stacks 1-
and 2, expansion of the inner stack 3, and engagement of
the screw contact 11 and contact 12. :

It is to be understood that in order to avoid depolar-
ization, the actuating voltage advantageously should be
applied in the same direction as the polarization. .

The stacks are affixed to a rigid base 9, advantageously
of barium titanate, as in the case of the yoke 10, to ob~
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wiate the possibility of difficulties occasioned by tempera-
ture expansion differentials. Fig. 4 shows that for a
damped vibration, maximum displacement occurs in about
one-quarter of the compiete cycle. The damping is
achieved through the internal frictional dissipative effects
of the laminations. The characteristic shown for a
damped vibration in Fig. 4 is generic of that experienced
in either the thickness or length mode.

The physical parameters of the stack should be made
such as to achieve full displacement in the desired time.

Therefore, in order to achieve a full displacement in
10 microseconds, for example, a structure having a reso-
nant frequency of about 25 kilocycles is required. Since
maximum displacement is desired in 10 microseconds and
is achieved at about the first quarter of the cycle, the
period of vibration will be equal to 40 microseconds
corresponding to a frequency of 25 kilocycles. The struc-
ture will act as a quarter wave resonator whose length
will be determined by the relationship:

=2
4F

in which
I=Ilength of the stack
V=velocity of the wave
F=resonant frequency

With a velocity in barfum titanite of 4.4 10% ceati-
meters per second, the length / is equal to

4.4X105 em. [sec.
43X 25,6007 /sec.

or 4.4 centimeters for a 10-microsecond operation. In
accordance with this length and with the displacements
shown in Figs. 1 and 2, the two outer stacks 1 and 2
will contract longitudinally to the extent of 0.00025 centi-
meter and at the same time the inner stack 3 will expand
longitudinally by 0.00066 centimeter as follows:

4.4 cm.x0.57 X 10-¢=0.00025 cm. or 0.098 mil inch
4.4 cm. X1.5%10—4=90.00066 cm. or 0.26 mil inch

The aggregate relative travel of the stacks is equal to the
sum of the two displacements, 0.00091 centimeter or 0.36
mil inch.

Consequently, if the screw contact 11 and contact point
12 in Fig. 3 are separated by less than 0.36 mil inch they
will close in less than 10 microseconds.

The foregoing explanation pertains to the construction
of a relay having normally open contacts as depicted in
Fig. 3.

To provide a relay having normally closed contacts
the relative positions of the contractible and expansible
stacks may be reversed, as shown in Fig. 5. In opera-
tion, the outside stacks 13 and 14 will expand longitudi-
nally and the inside stack 15 will contract longitudinally,
effecting an opening of the previously closed contacts
16 and 17.

Throngh the use of four stacks as in Figs. 6 and 7 a
balanced mechanical structure may be achieved, affording
substantial freedom from unwanted vibration. As shown
in these figures, two yokes 18 and 19 are used, the yoke
18 joining the expansible stacks 20 and 21 and the yoke
19 joining the contractible stacks 22 and 23. In this
embodiment both make and break contacts are possible.
Contacts 24 and 25 are normally open and will close
when the relay is actuated. Contacts 26 and 27 are nor-
mally closed and will open when the relay is actuated.
This structure, thus, has the advantage of a balanced
mechanical action in which all motions occur symmetri-
cally with respect to the center line.

It is to be understood that the embodiments shown are
exemplary; other combinations possible will be apparent
to those skilled in the art and will not depart from the
scope of this invention,
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‘What is claimed is:

1. A switching device comprising a pair of motor ele-
ments each deformable lengitudinally in response to ap-
plication of a voltage thereto, said elements being fixed
at one end and having free portions in juxtaposition and
related so that the spacing therebetween varies upon lon-
gitudinal deformation of said elements in opposite direc-
tions, matable contact members coupled to said free por-
tions respectively, and means for applying voltages to said
elements to effect concurrent longitudinal deformation of
the two elements in opposite directions.

2. A switching device comprising a pair of motor ¢le-
ments each deformable longitudinally in response to ap-
plication of a voltage thereto, said elements having juxta-
posed portions related so that the spacing therebetween
varies upon longitudinal deformation of said elements in
opposite directions, matable contact members coupled to
said juxtaposed portions, and means for applying voltages
to said elements to effect concurrent longitudinal deforma-
tion of the two elements in opposite directions.

3. A switching device comprising a first elongated
piezoelectric motor element, a second elongated piezo-
electric motor element, means mounting said elements
in spaced adjacent relation with one pair of correspond-
ing ends fixed and the other corresponding ends free,
matable contacts coupled respectively to said free ends
and positioned so that the spacing therebetween varies
upon elongation of one of said elements and contraction
of the other of said elements, and means for energizing
said elements to effect concomitant elongation of one and
contraction of the other.

4. A device according to claim 3 wherein said means
mounting said elements includes a base member of the
same material comprising said piezoelectric motor ele-
ments.

5. A switching device according to claim 3 wherein
said first piezoelectric motor element comprises a stack
deformable in the length mode, said second piezoelectric
motor element comprises a stack deformable in the thick-
ness mode and said means for energizing said elements
comprises a source of direct-current voltage, and means
for applying said voltage io said stacks to energize said
stacks in their respective modes.

6. A switching device according to claim 5 wherein
said piezoelectric motor elements are of barium titanate.

7. A piezoelectric relay comprising a first elongated
barium titanate motor element 4.4 centimeters in length
and deformable in the length mode, a second elongated
barium titanate motor element 4.4 centimeters in length
and deformable in the thickness mode, means mounting
said elements in spaced adjacent relation with one pair
of corresponding ends fixed and the other corresponding
ends free, matable contacts coupled respectively to said
free ends and positioned so that the spacing therebetween
varies upon elongation of one of said elements and con-
traction of the other of said elements, said spacing not
to exceed 0.0009 centimeter when said motor elements
are deenergized, and means for energizing said elements
to effect concomitant elongation of one element and con-
traction of the other element whereby said contacts will
engage in substantially ten microseconds.

8. A switching device comprising a first motor element
and a second motor element wherein said first element
is encompassed within said second element, each of said
elements being deformable longitudinally in response to
application of a voltage thereto, said elements being fixed
at one end and having free portions in juxtaposition and
related so that the spacing therebetween varies upon
longitudinal deformation of said elements in opposite
directions, matable contact members coupled to said
free portions respectively, and voltage means for energiz-
ing said elements to effect simultaneous longitudinal de-
formation of the two in opposite directions.

9. A switching device according to claim 8 wherein
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said first motor element expands longitudinally and said
second motor element contracts longitudinally.

10. A switching device according to claim 8 wherein
said first motor element contracts longitudinally and said
second motor element expands longitudinally.

11. A switching device according to claim 8 wherein
said second motor element comprises a plurality of longi-
tudinally deformable members.

12. A piezoelectric switching device comprising a first
and a second motor element, said first motor element
comprising two stacks of piezoelectric crystals longi-
tudinally expansible upon the application of a direct
voltage thereto, said second motor element comprising
two stacks of piezoelectric crystals longitudinally con-
tractible upon the application of a direct voltage thereto,
a free end and a constrained end on each of said stacks,
a rigid base member, means for affixing said constrained
ends of said stacks to said base member in spaced prox-
imity, a first yoke joining the free ends of said con-
tractible stacks, a second yoke joining the free ends of
said expansible stacks and underlying said first yoke,
contact members integral with said first yoke, additional
contact members integral with said second yoke, and
means for impressing an electrical voltage on said crystals
whereby certain of said contact members are engaged and
the remaining contact members are disengaged by the
deformation of said crystals resulting from the impression
of said electrical voltage means thereon.

13. A piezoelectric relay comprising two outer stacks
of piezoelectric crystal laminations parallel to the length
of said outer stacks and longitudinally contractible upon
the application of a voltage thereto, an inmer stack of
piezoelectric crystal laminations perpendicular to the
length of said inmer stack and longitudinal expansible
upon the application of a voltage thereto in spaced align-
ment between said outer stacks, a free end and a con-
strained end on each of said stacks, a yoke joining said
free ends of said outer stacks, a rigid base member,
means for affixing said constrained ends of each of said
stacks to said base member, a first contact element integral
with said yoke, a second contact element integral with
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said free end of said inmer stack matable with said
first contact element, a plurality of electrodes in elec-
trical contact with said stacks, and means for applying a
direct-current voltage to said electrodes whereby the
application of said voltage to each of said stacks will
cause said contact elements to engage.

14. A piezoelectric relay comprising two outer stacks
of piezoelectric crystal laminations perpendicular to the
length of said outer stacks and longitudinally expansible
upon the application of a voltage thereto, an inner stack
of piezoelectric crystal laminations parallel to the length
of said inner stack and longitudinally contractible upon
the application of a voltage thereto spaced in proximity
to and between said outer stacks, a free end and a
constrained end on each of said stacks, a yoke joining
said free ends of said outer stacks, a rigid base member,
means for affixing said constrained ends of each of said
stacks to base base member, a first contact element in-
tegral with said yoke, a second contact element integral
with said free end of said inner stack matable with said
first contact element, a plurality of electrodes in elec-
trical contact with said stacks and means for applying
a direct-current voltage to said electrodes whereby the
application of said voltage to each of said stacks will
cause said contact elements to disengage.
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