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57 ABSTRACT 

A switch device comprises an elongated member made 
of piezoelectric material and provided with a plurality 
of spaced apart lateral projections and driving means 
connected to the member. When the driving means is 
excited by AC voltage it vibrates the elongated member 
in the longitudinal direction. The member acts to trans 
form the longitudinal vibration into lateral vibrations in 
the projections. Output members are disposed to face 
respective projections and are selectively urged into 
engagement with the projections to produce output 
voltages. 

7 Claims, 4 Drawing Figures 
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1. 
SWITCH DEVICES 

BACKGROUND OF THE INVENTION 
This invention relates to a switch device, more partic 

ularly a switch device not using any electrical contact. 
The prior art switch device utilized in the push button 

type telephone sets and information processing appara 
tus comprises a micro-switch or a reed switch con 
nected to a push button for transforming the mechani 
cal displacement of the push button into an electrical 
signal. However, since such a switch makes or breaks 
a circuit by closing or opening its electric contact con 
nected in series or parallel with the circuit, troubles are 
caused by poor contact conditions of the contact al 
though such a switch is simple in construction and 
hence inexpensive. 
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ing the output voltage from the load resistor 11b. Thus, 
the voltage across the load resistor 11b comprises a 
switch signal corresponding to the operation of the 
push button. 
As the electric switch of the type described above 

does not include any mechanical contact, it is highly 

10 

15 

The applicant has already proposed an improved 
switch device not employing any contact as disclosed 
in a copending patent application Ser. No. 164,401 
filed on July 20, 1971. According to the embodiment 
shown in FIG.3 of that application which is reproduced 
herein as FIG. 1, electrodes 2a and 2b on the opposite 
ends of polarized elements 3a to 3n - which act as driv 
ing elements are connected across a source of alternat 
ing current 1 and output elements 4a to 4n having sub 
stantially the same member of mechanical vibration as 
that of the driving elements 3a to 3n are disposed re 
spectively in the directions of vibrations of the driving 
elements. Pairs of driving elements and output ele 
ments coaxial therewith constitute switch units Sa 
through 5n. Each of the driving elements 3a through 3n 
and output elements 4a through 4n comprises a piezo 
electric element or a magnetostriction element made of 
lead zirconate titanate, barium titanate or the like 
which undergoes a mechanical vibration when excited 
by an excitation signal or produces an electrical signal 
when acted upon by a mechanical vibration. For the 
sake of description, in the following it is assumed that 
piezoelectric elements are used. Across the electrodes 
6a and 6b at the opposite ends of the respective output 
elements are connected rectifiers 10a through 10n, 
each comprising diodes 7 and 8 and a capacitor 9, and 
the outputs of respective rectifiers are connected 
across load resistors 11a through 11n, respectively. Al 
though not shown in the drawing, each output element 
is provided with a push button which urges the output 
element into engagement with a cooperating driving 
element. 
When the output from the AC source 1 is applied 

across respective driving elements 3a through 3n, these 
elements vibrates mechanically in their direction of po 
larization. When the push button associated with 
switch unit 2b is depressed, the output element 4b is 
moved in the direction shown by an arrow to come into 
contact with the driving element 3b with the result that 
the mechanical vibration of the driving element. 3b is 
transmitted to the output element 4b causing it to vi-. 
brate at the same frequency. 
When the output element 4b is driven in this manner 

an electrical signal corresponding to the mechanical 
vibration is created in the direction of polarization in 
a manner well known in the art. The output signal is 
supplied to rectifier 10b through output electrodes 6a 
and 6b to be rectified and smoothed out, and the recti 
fied voltage is applied across the load resistor 11b. 
When the push button is released, the output element 

4b is separated from the driving element 3b thus remov 
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reliable and durable. However, since it requires a me 
chanical vibration each time it is operated, the con 
struction of the switch is relatively complicated and ex 
pensive. 

sUMMARY OF THE INVENTION 
It is an object of this invention to provide an im 

proved switch device which can eliminate various diffi 
culties described above. 
Another object of this invention is to provide a switch 

device of simplified construction in which only one 
driving member is used for a plurality of output mem 
bers, 

Briefly stated, according to this invention there is: 
provided a switch device comprising an elongated 
member provided with a plurality of substantially 
equally spaced apart lateral projections along the 
length thereof, driving means secured to the elongated 
member, means to apply an excitation signal to the 
driving means to cause it to vibrate mechanically, the 
elongated member acting to transform the longitudinal 
vibration imparted thereto by the driving member into 
lateral vibrations in the projections, a plurality of out 
put members capable of generating electric signals 
when applied with mechanical vibrations, the output 
members being disposed to respectively confront the 
projections, and means to bring a selected one of the 
output members into engagement with a corresponding 
projection thereby producing an electric signal from 
the selected output member. 

BRIEF DESCRIPTION OF THE DRAWING 
In the accompanying drawing: 
FIG. 1 is the reproduction of FIG. 3 of said copend 

ing application Ser. No. 164,401; 
FIG. 2 shows a connection diagram of one example 

of the switch device embodying the invention; 
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FIG. 3 is a view to explain the operation of the mem 
ber for changing the direction of vibration shown in 
FIG. 2; and t . . . 

FIG. 4 is a perspective view of a modified embodi 
ment of this invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTs 

FIG. 2 shows a preferred embodiment of the inven 
tion in which the same or corresponding portions are 
designated by the same reference numerals as in FIG. 
1. The embodiment shown therein comprises a member 
12 for transforming the direction of vibration with a 
driving element 13 excited by a source of alternating 
current, fixed to one end. The member 12 resonates to 
the vibration of the driving element 1 and is provided 
with a plurality of equally spaced apart lateral projec 
tions 14a through 14n along the length thereof. The 
output elements 4a through 4n are disposed to opposed 
the projections 14a through 14n, respectively, with a 
definite gap therebetween. 
In operation, when the output voltage of the AC 

source 1 is impressed across the driving element 13, the 
element 13 vibrates with the frequency of the AC. 
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source 1 to drive member 12. When the member 12 is 
driven by a mechanical vibration having frequency 
nealy equal to the natural frequency thereof, it vibrates 
in the longitudinal direction, and a portion of the vibra 
tion is connected into lateral vibrations in the projec- 5 
tions 14a through 14n, as shown by solid line and dot 
ted lines shown in FIG. 3. As a result lateral mechanical 
vibrations of the opposite phase mode are created in 
the projections so that it is possible to drive the output 
members 4a through 4n in the same manner as in FIG. 10 
1. If the frequency of the driving vibration is increased 
slightly, the member 12 creates a mechanical reso 
nance of the same phase mode. 
When a push button, not shown is depressed, an out 

put element, for example 4b associated with the push 5 
button is caused to engage projection 14b. As above 
described, since the projection 14b is caused to vibrate 
in its longitudinal direction the vibration thereof is 
transmitted to the output member 4b to generate an 
output voltage across its output electrodes 6a and 6b. 
This output voltage is rectified and smoothed out by 
the rectifier and the rectified voltage is supplied to the 
load resistor 11b whereby a switch signal is produced 
across the resistor while the pushbutton is depressed 
or during the internal in which the output member 4b 
is in engagement with the projection 14b. With this im 
proved construction it is not necessary to provide inde 
pendent driving members for respective switch units. 
Moreover, as the member 12 resonates to the fre- 30 
quency of vibration of the driving member there is no 
time lag between the vibrations of respective projec 
tions. For this reason, it is possible to fabricate the 
member 12 with materials of high mechanical Q. 

In the specification of U.S. Pat. No. 3,395,295, dated 35 
July 30, 1968 there is disclosed a solid state detector 
comprising a crystal having an electrostrictive charac 
teristic and excited by an AC voltage and rod like fol 
lower elements disposed along the length of the crystal 
with a small gap between the follower elements and the 40 
crystal so that when the crystal is excited by a signal at 
a given frequency the upper surface thereof vibrates up 
and down to collide with the lower ends of the follower 
elements thus creating an elastic collision between 
them. With this arrangement, however, the vibration 45 
energy applied to one end of the crystal is transmitted 
longitudinally to the crystal at the sonic speed so that 
the vibration energy transmitted to a particular one of 
the follower elements is delayed by a time proportional 
to the distance between that follower element and one 50 
end of the crystal across which the driving voltage is ap 
plied. In contrast, according to this invention, as the 
member 12 vibrates at the resonance frequency all pro 
jections vibrate simultaneously without time lag there 
between as shown by the solid and dotted lines in FIG. 
For example, a member 12 having a resonance fre 

quency of 135 KHz was manufactured. It had following 
dimensions: lateral width a = length of the projections 
as F width of the projections a = 6 mm. The length of 6 
driving element and the output elements was both 10 
mm. The spacing between adjacent projections 1 = 18 
mm. The spacing 11 between a support and one side of 
the projection on one end = 14.75 mm. The spacing 1, 65 
between the support and one end surface of the mem 
ber F 8.75. Since at the positions of the supports, there 
is no interference on the waveform by the projection, 

25 

4. f 

the member vibrates smoothly thereby shortening the 
wave length. 
FIG. 4 shows a modified embodiment of this inven 

tion wherein a member 15 for changing the direction 
of vibration comprises a plurality of parallel longitudi 
nal elements 16a to 16b which are connected together 
by a cross-bar 17, each element having the same con 
figuration as the member 12 of the first embodiment. 
Projections 18 of the elements 16a to 16d are arranged 
in a matrix. Although only one is shown, a plurality of 
output elements 19 connected with push buttons, not 
shown, are disposed to oppose the upper surface of re 
spective projections with small gaps therebetween. 
These output elements are normally biased away from 
the projections. 
A driving element 20 connected to a source of alter 

nating current, not shown, is fixedly secured to the pro 
jection of the cross-bar 17. As before, the member 15 
for changing the direction of vibration is supported by 
supports having a triangular cross-sectional configura 
tion. 
When the driving member 20 is driven by the output 

voltage of the source its vibration is transmitted to re 
spective longitudinal elements 16a-16d to create trans 
verse vibrations in respective projections 18. Under 
these conditions when any one of the push buttons is 
depressed, the output element associated therewith is 
brought into engagement with one of the projections 18 
to generate a switch signal in the same manner as the 
previous embodiment. 
With this modified construction wherein the projec 

tions and a plurality of driven elements are disposed in 
a matrix, it is possible to drive any one of the driven ele 
ments by a single driving element. Although in the 
above described embodiments the driving element and 
the output elements take the form of piezoelectric ele 
ments the driving element may be of any type that can 
generate mechanical vibrations when excited by an 
electric signal and the output element may also be of 
any type that can generate electric signal when ener 
gized by mechanical vibrations. Further, it should be 
understood that the driving element may be secured to 
any projection of the member for changing the direc 
tion of vibration. 
As above described the invention provides an im 

proved switch device of simplified construction which 
can selectively drive a plurality of switch units with a . 
single driving unit. 
What is claimed is: 
1. A switch device comprising an elongated member 

provided with a plurality of substantially equally spaced 
apart lateral projections along the length thereof, driv 
ing means secured to said member, means to apply an 
excitation signal to said driving means to cause it to vi 
brate mechanically, said member acting to transform 
the longitudinal vibrations imparted thereto by said 
driving member into lateral vibrations in said projec 
tions, a plurality of output members capable of generat 
ing electric signals when applied with mechanical vi 
brations, said output members being disposed to re 
spectively confront said projections, and means to 
bring a selected one of said output members into en 
gagement with a corresponding projection, thereby 
producing an electric signal from said selected output 
member. 

2. The switch device according to claim 1 wherein 
said driving member comprises a piezoelectric element. 
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including a polarized bar of piezoelectric material and 
a pair of driving electrodes. 

3. The switch device according to claim 1 wherein 
each one of said output members comprises a piezo 
electric element including a polarized bar of piezoelec 
tric material and a pair of output electrodes. 

4. The switch device according to claim 1 wherein 
said driving member comprises a magnetostrictive ele 
ment. 

5. The switch device according to claim 1 wherein 
each of said output members comprises a magnetostric 
tive element. 
6. The switch device according to claim 1 wherein 
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: 

6 
each one of said output member includes a rectifier 
connected across a load resistor across which an output 
signal is formed. 

(7. The switch device according to claim 1 wherein 
said member for changing the direction of vibration 
comprises a plurality of parallel longitudinal elements, 
each provided with a plurality of spaced apart lateral 
projections along the length of the elements, the lateral 
projections being disposed in a matrix, a cross-bar in 
terconnecting one ends of said longitudinal elements, 
and a driving member attached to said cross-bar. 

. . . . . . . 
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