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(57) Abrégé/Abstract:
A self-powered switching device using a prestressed flextensional electroactive member generates a signal for activation of a

latching relay. The electroactive member has a piezoelectric element with a convex and a concave face that may be compressed to
generate an electrical pulse. The flextensional electroactive member and associated signal generation circuitry can be hardwired
directly to the latching relay of may be coupled to a transmitter for sending an RF signal to a receiver which actuates the latching

relay.

50 rue Victoria ¢ Place du Portage 1 ® Gatineau, (Québec) KI1AOC9 e www.opic.ic.gc.ca i+l
50 Victoria Street e Place du Portage 1 e Gatineau, Quebec KIAO0C9 e www.cipo.ic.gc.ca al l a a



[

ABSTRACT

A self-powered switching device using a prestressed flextensional electroactive
member generates a signal for activation of a latching relay. The electroactive
member has a piezoelectric element with a convex and a concave face that may be
compressed to generate an electrical pulse. The flextensional electroactive member
and associated signal generation circuitry can be hardwired directly to the latching

relay of may be coupled to a transmitter for sending an RF signal to a receiver which
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actuates the latching relay.
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TITLE: Self-Powered Trainable Switching Network

BACKGROUND OF THE INVENTION

1. Field of the Inveution

“The prosent favention relates generally to switching devices for energizingights, eppliznces and
fho Tike. Mote particulaly, the present fnvention relates to & self-powered switch initiator device to
generate an activation signal for the latching relay. The power is generated frougha piezoclectric

element or through relative motion between a ma.gﬁet and e series of coils. The power is sent

\Dm\]mmﬁhwl\’l—'

through signal generation cirouitry coupled to a trensmitter for sending a unique coded R signal
10 10 one or more receivers that actuate the latching relay. The receivers are trainable and can

11  respond to multiple transmitters so as to turn on the building’s lighting or appﬁzmze systems.
12 '
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2. Description of the Prior Art

Switches and lsfohing relays for energizing lights, appliances and the like are well known in the
prier art. Typical light switches comprise, for example, single-pole switches and three-way
switches. A single-pole switch has two ferminals that are hot leads for an incoming line (power
source) and an outgoing bne to the light. Three-way switches can conirol one light from two
different places. Each fhree-wey switch has three terminals: the common terminal and two traveler
terminals. A typical pair of three-way switches uses two boxes each having two cables with the

W m N Uk WN

first box having an incoming Tne from a power source and an outbound line to the second box,

10 and fhe second box having the mcoming lne from the first box and en outbound tine to the light.
11 )

12 Ineach of these switching schemes it is necessary drill holes and mount switches and junction
13 boxes for fho ouflets as well as rumming cable. Drilling holes end mounting switches and junction
14  boxes can be difficult and time consuming. Also, running electrical cable requires starting ata
15 fixtrre, pulting cable through holes i the framing o each fixture in fhe circuit, and contiming all
16 the way back to the service panel. Though stmple in theory, getting cable to cooperate can be

17 difficult and time consuming. Cable often kinks; tangles or binds while pulling, and needs to be
is Straightened out somewhere along the rum.

i9 :

20  Remotely actuated switches/relays are also known in the art. Known reroote achuation controllers
21  inclode tabletop controllers, wircless remotes, timers, motion detectors, voice activated controllers,
22  &nd computers and related software. For example, remote actustion means msay inchude modules
23  thatare phugged into a wall ouflet and imo which a power cord for a device may be plngged. The
24 device can then be tumed on and off by a controller. Other remote actnation means include screw-
25  inlamp modules wherein the module is screwed into & light socket, and then a bulb screwed into
26  themodule. The Hght can be tuned on end off and cen be ditnrned or brightened by a controller,
27

28  Anexample of s typical remote controller for the above described modules is e radio frequency
238 (RF) base transceiver. With these controllers, a base is plugged mio an outlet and can control

30 eroups of modnles in conjunetion with a bend bald wireless R remote. RF repeaters may be used
31 1o boost the range of compatible wireless remotes, switches and security system sensors by up to
32 150 ft. per repeater. The base i required for a1l wireless RF remotes end ellows control of several
33 lamps or zpplisnces. Betizries ate also required in the hand held wireless remote,

34

35

Rafher than using a band held RF remote, remote wall switches may be used. These wall switches,

2
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1 which areup to 3/4" thick, are affixed to a desired location with an adhesive. In conjunction with a
2 base unit(phugged into 2 110V receptacle) the remote wall switch may control competible
3 modules or switches (receivers), The wireless switches send an KR signal to the base unit and the
4 bese unit then fransmits a signal along the existing 110V wiring in the home to compatible
5 switches or modules. Bach switch can be set with en addressable signal. Wireless switches also
6  roquire batteries.
7 .
8  These remotes control devices may also control, for example, sudiofvideo devices sach as the TV,
9 VCR, and stereo systerm, as well as lights and ofher devices using an RF to infiared (IR) base. The
10  RF remote can control andiofvides devices by sending proprietary RF commands to 2 converter
11 that trmslates the commands to TR. IR commends are then sent to the eudiofvideo equipment, The
12  console responds to nfrared signals from the infrared remotes and then transmits equivaient
13 commpends to compatible rectivers.
14
15 A problem with conventional wall switches is that exiensive wiring mmst be run both from the
16  switchboxes fo the lights and from the switch baxes to the power source in the service panels.
17 ' .
18  Another problem with conventional wall switches is that additional wiring must be ran for hghts
19 controlled by more than one swiich.
20
21  Another problem with conventional well switches is that the high voltage lines ere present s an
22 input to.and an output from the switch.
23 '
24  Another problem with conventional wall switches is the cost associsted with initial installation of
25  wire to, from and between switches,
26
27  Another problem with conventional wall switches is the cost and inconvenience associatedm;ﬂ
28  remodeling, relocating or rewiring existing switches.
25
. 30 A problem with conventional RF swiiches is that they still require an external power source such
31  as high voltage AC power or batteries.
32 _
33 Another problem with conventional RF switches is the cost and inconvemience associzted with
34  replacement of batteries,
35

CA 2977307 2017-08-25



wm\]mmpwwl—‘

10
11
12
13
14
15
18
17
18
i
20

Anofher problem with conventions] RF switches is fhat faey require high power fo individusl
modules and base units.

Another problem with conventional AC-powered RF switches is the difficulty when remodeling in
Tewiring or relocating a wall switch.

Another problem with conventional RF switches is that a pair comprising a transmitter and
receiver must generally be purchesed together.

Another problem with conventional RF switches is that transmitbers may inadvertently activate
ncorrect receivers.

Another problem with conventional RF switches is that receivers may accept an activation sigpal
from only one transmitter.

Another problem with conventional RF switshes is fhat transmitters may activate only one

receiver.

Accordingly, it would be desirable to provide a network of switching and/or latching relay devices
that overcomes the aforementioned problems of the prior art.
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SUMMARY OF THE INVENTION

The present mvention provides a self-powered switching or latching relay device using an
electroasiive or electromagnetic actuator. The piezoelectric element in the electroactive actuator is
cepable of deforming with a high amount of axiel displacement, and when deformed by a mechanical
impulse generates an electric field In an electromagnetic device, the relative motion between 2
magnet and & series of cofls develops the electricel signal. The efectroactive or eleciromagnetic
actuators are used as electromechanicel generators far gemerating & momentary signe] that actuates 2
{atthingfrelay mechamism. The Jaiching or relay mecherism fherchy toms electrical devices sach as
Kghts and apphznces on and off or provides en intermediate or dimming signal.

11

12 The mechanical achating means for the electroastive actuator element should apply pressure o the
13 electroactive actustor element with sufficient force/acceleration to generate an electricel pulse of
14 sufficient magnituds and duration. A switch similar to a ight switch, for exampile, may apply

15

pressure through a toggle, snap action or roller mechanism. Larger or mmltiple electroactive actator
16 elements may also be used to generate pulses.

17

18 Tn one embodiment, the electroactive actnator is depressed by the mammal or mechemical actuating
1° means z2nd the electdcal signal generated by the electroactive actuator is applied direcily to a relay
20 switch. In anofher embodiment of the mvention, circuitry is installed to modify the electrical pulse
21 * generaind by fhe clectromagnetic ar eleotroactive actuator. Fn yet anofher stmbodimeat, the

22 electromagnetic or electroastive sctuator signal powers an RE transmitier which sends an RF signal
23 o an RF receiver which then actmates the relay. In yet another embodiment, the electromagnetic or
24 electroactive achztor signal powers & transmitier, which sends a pulsed RF signal to an RF receiver
25  which then aciuates ths relay. Digitized RF signals may be coded (as with & garage door opener) to
26 only activate the relay that is coded with that digitized RF signal. The transmitiers may be capable of
27 developing one or more coded RF signals and the receivers lkewise may be capable of receiving one
28

or more coded RE signel Purthermore, the receivers may be “reinable” to accept coded RY signals
29 from new or rrmiltiple trensmitters,

Accardingly, it is 2 primary objest of the present invention to provide a switching or reley device
32 in which an electroastive or piezoelectric elément is used to activate the device.

Tt is anofher object of fhe present invention o provide a switching or relay device in which an
35 electromegnetic element is used to activaie the device. -

5
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1t is another object of the present invention to provide a device of the character described in which
switches mzy be installed without necessitating additional wiring.

1t is another object of the present imvention to provide a device of the character described in which
switches may be mstalled without cutfing holes into fbe boilding structore.

1t is snother object of the present invention to provide a device of the character described in which
switches do not require external electrical fnput such as 120 or 220 VAC or batiedes.

w @ oaom o W b

10

11 Tiis another object of the present mvention to provide a device of the character described
12  incorporating an electroactive or electromagnetic device that generates an electrical signal of
13  sufficient magnitnde to activate a laiching relay.

14

15'  Ttis mnother object of the present invention to provide a device of the character described
16  moarporating s electroactive or electromagnetic device fhat generates an electrcal signal of
17  sufficicnt magnitode to activate a radio frequency transmitter for activating z latching relay.
18

1%  Ttis enother object of the present invention to provide 2 device of the character describsd
20  imcorporating an electromagnetic actnator that penrrates an electrical signal of sufficient
21  magnitude to activate a radio frequency transmitter for activating  latching relay.

22 ) .

23  Ttis another object of the present nvention o provide a device of the character described
24  incorporating a transymitter thet is capable of developing at least one coded RF signal.

25 '

26  Itisanother object of fhe present invention to provide a device of the character described
27 incorporeting a receiver capeble of receiving at least one coded RF signal from at least one
28  {reusmtier. '

29

30  Itis emofber object of the present invention to provide & devioe of the character described
31 mcorpomﬁngarwcivmcapablcof‘mmf’mamqﬁmdedRngnﬂsﬁmmmmm
32 trensmitters. -

33

34 Itisanoﬂmobjectofthep:wcnﬁnvmﬁonmpmvidea.dcviogof‘mcchmmrdsscribedfmuse
35

 actoating Highting, apphances, security devices and other fixtires in a building.

6
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Further ohjects and advantages of the invention will become apparent from 2 consideration of the
dxawingsandcnsuingdwcripﬁonthmf_.

N R R
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an elevation view showing the details of construction of 2 ﬂcxtcnsibnal piezoclectﬁc
actuator used in the present invention;

FIG. 2 is an elevation view showing the details of construction of an alternate multi-layer
flextensional piezoelectric actuator nsed in a modification the present invention;

FIG. 3 is an elevation view of a device for mechanical application and removal of a force to an
10 actnatory’

FIG. 4 is an elevation view of the device of FIG. 3 iltustrating the deformation of the actuator upon
13 applcation of a force;

FIQ. 5 is an elevetion view of the device of FIG. 3 illustrating the recovery of the actuator upon
16  removal of the force by tripping of 2 quick-release device;

FIG. 6 is a schematic showing the switching device of the present invention incorporating
19  flextensional piezodlestric actuator;

FIG. 7 i & detailed schemitic showing the pulse modification, tone generstor and RF penerator
22 subcirouit portions of FIG. 6;

FIG. 8 is & plan view of the tmed loop anteona of FIG. 7 illstrating the jumper at 2 position
25 meaximizing the inductor cross-section;

FIG. 9 is 2 plan view of the timed Joop antenna of FIG. 7 iltostrating the jumper at 2 position
28  minimizing the mdoctor cross-section;

TIG 10 iz a schematic view of a linear electromagnetic actustor for peneration of an electrical
31 signal in the presert invention;

FIG. 11 is 2 15 a schematic view of 2 Totary electromagnetic aciuator for generation of an electrical
34  signalin the presert invention; and
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1 TFIG. 12 is aparfial schematic of a voliage regulation subcircuit for use in an altemnate embodiment

2 of the invention.
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DESCRIPTION OF THE PREFERRED EMBODIMENT

Electroactive Actnator

Piezoeleciric and electrostrictive materials (generally called "electroactive” devices herein)
develop a polarized eleciric field when placed under stress or strain. The electric field developed
by 2 piezoelectric or electrostrictive matesial is 2 function of the applied force cansing e
mechanical stress or strain. Conversely, electroactive devices undergo dimensional changes in an
applied electric field, The dimensional change (i.e., expansion or contraction) of an electroactive

W @ N A U W N

10 device is & fimetion of fhe epplied electric field. Electroactive devices are commenly used as

11 drivers, or "actuators” dus fo their propensity to deform under sach electric fields. These

12 clectroactive devices or actuators also have varying capacities to generate an electric field in

13 response o a deformation caused by an applied force.

14 )

15  Existing electroactive devices mctnde direct and indirect mode actators, which typically meke
16  mseofa chenge in the diraensions of the material to achicve a displacement, but in the present
17  invention are preferably used as electromechanical generators. Direct mode actuators typically

18 inchude a piezoslestric or clectrostictive ceramic plate (ot stack of plates) sandwiched betwec a
19  pair of electrodes formed on its major surfaces. The devices generally have a sufficiently large
20  piezosleciic md/or electrostrictive coefficient to produse the desired strain in the ceramic plate.
21  However, direct mode actuators suffer from the disadvantage of only being able t achieve a very
22  small displacement (strain), which is, at best, only a few tenths of & percent. Conversely, direct
‘23 mode generator-actnators require application of 2 high amount of force fo piezoclectrically

24 generate 2 pulsed momentary electrical sipnal of sufficient magnitude to activate 2 latching relay.
25 _

26  Indirect mode acinators are known in the prior art fo exhibit greater displacement and strain than is
27 achievable with direct mode actetors by achieving sirain emphificetion vis extemal structres. An
28 cxample of an indireot mods sotnstor is a flexiensionsl transduoer, Flextrusional rnsdurers are
29 composite structures composed of 2 piezoclectric ceramic element and a metallic shell, stressed
30 plastic, fiberglass, or similar structores. The actuator movement of canventional flextensional

31 devices commonty ocours as 2 result of expausion in the piezoelectric material which

32  mechamically couples to an amplified contraction of the device in the transverse direction. fn

33 operation, they can exhibit several orders of magpitude greater strain and displacement then can be
34 pioduoed by direct mode ctustors.

35

10
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The magnitnde of achievable strain of indirect mode actuators can be increased by constructing
them either as "unimorph” or "bimorph" flextensional actuztors. A typical unimorph is a concave
structure composed of a single piezoelectric element extemally bonded fo & flexible metal foil, and
which results in axial buckiing or deflection when electrically energized. Common unimorphs can
exhibit a strain of as high as 10%. A conventional bimorph device includes an intermediate
flexible metal foil sandwiched between two piezoelectric elements, Electrodes are bonded to each
of the major surface of the ceramic elements and the metal foil is bonded to the ioner two
electrodes, Bimorphs exhibit more displacement than comparable unimorphs becanse under the

applied voltage, one ceramic element will contract while the other expands. Bimorphs can exhibit
strains up to 20%.

Far certain applications of eleciroactive actustors known in the prior art, asyrmmetrically stress
bizsed electroactive devices have been proposed in order to inorease the axial deformation of the
electroactive material, and therefore increase the achievable sirain of the electroactive material. In
such devices, (which mclude, for example, "Rairibow" actaators (as disclosed in U.S. Patent

5 A71,721), and ofher fiextensional actuators) the asymumetric siress bizsing produces a curved

structure, typically having two major sirfaces, one of which is concave and the other which is
CONVEX.

Referring o FIG 1: A unimorph actnator called "THUNDER", which has fmproved displacement,
strain znd load capabilities, has recenily been developed and is disclosed in U.S. patent no.
5,632,841. THUNDER (which is an acronym for THin layer composite UNimorph ferroelectric
Driver and sEnsoR), is a unimorph actuator in which 2 pre-stress layer is bonded to a thin
plezoeleoiric ceramic wafer at high temperature, and doring the cooling down of the commposite
strocture asymmerically stress bizses the cerammic wafer due to the difference in thermal
contraction rates of the pre-stress layer and the ceramic layer.

The THUNDER actuator 12 is as 2 composite structure, the construction of which is llustrated in
FIG. 1, Bach THUNDER actustor 12 is constracted with an electroastive member preferably
comprising a piezoelectric ceramic layer 67 of PZT which is electroplated 65 and 652 on its two
opposing faces. A pre-stress layer 64, prefersbly comprising steel, stainless stee], beryliinm alloy
or other metal substrate, is adhered to the electroplated 65 surface on one side of the cerarmic layer
67 by = first adbesive layer 66. In the simplest embodiment, the adhesive layer 66 acts asa
prestress lzyer. The first adhesive layer 66 is prefecably LaRC™-ST material, as developed by
NASA-Langley Research Center and disclosed in U.S. Pat. No. 5,639,850 A second adhesive

11
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1 layer 66a, also preferably comprising LaRC-S] material, is adhered to the opposite side of the
2 ceramic layer 67. During memifasture of fhe THUNDER actaator 12 the cermmic layer 67, the
3 adhesive layer 66 and the pre-siress layer 64 are simmltaneousty heated to a temperature sbove the
4. mclﬁngpohnofﬂleadhcsivcmniﬁizlﬁmcﬁceﬁxcvmicuslxye:scomposixigﬁmTBfUNDER .
5  actuator (namely the ceramic layer 67, the adhesive layers 66 and 662 and the pre-stress layer 64)
6  are typically placed inside of an entoclave or a convection oven 28 2 composite stmcture, and
7 slowly heated by convection until all the layers of the structure reach 2 femperature which is above
8  themelting point of the adhesive 66 material but below the Curie temperature of the cerantic layer
9 67. Rtis desireble to keep the temperature of the ceramic layer 67 beneath the Curie temperature of
10 the ceramic layer in order to avoid disnupting the piezoelectric characteristics of the ceramic layer
11 67. Because the multi-layer structure is typically convectively heated at 2 slow rate, all of the
12 hymmdmbea@pmmmlyﬂacmmpum.hmymm“ema@mhyu‘
13 66 is typically Jocated between two other Jayers (i.e. between the ceramic layer 67 and the pre-
14 stress layer 64), the ceremic layer 67 and the pro-stress layer 64 are ususlly very close to the same
15  tcmperature and are at least as hot as the adhesive layers 66 and 66a during the heating step of the
16  process. The THUNDER actuator 12 is then allowed o cool.
17 :
18  Duxing the vooling step of the process (Le. after the adhesive layers 66 and 662 have re-solidified)
19 the ceramio Jayer 67 becomes compressively siressed by the adhesive layers 66 and 662 and pre-
20  stress layer 64 due to the higher coeffictent of thermal cantraction of the materials of the adhesive
21  layess 66 and 662 and fhe pre-siress layer 64 than for fhe material of the ceramic layer 67, Also,
22  dueto fhe greater themmal contraction of the laminate materials (e.g. the first pre-stress layer 64
23 2nd the fifst adhesive layer 66) on ane side of the ceramic layer 67 relative to the thermal |
24 contraction of the lamnate material(g) (e.g. the second adhesive Ixyer 662) on the ofher side of the
25 ceramic layer 67, the cerarmic layer deforms in an aronate shape having 2 normally convex face
26 12a 2nd a normally concave face 12¢, as fThustrated in FIGS. 1 and 2. One or more additional pre-
27 stressing layer(s) may be similarly adhered to eifher or both sides of the ceramic layer 67 in order,
28 for example, to increase the siress In the ceramic'layer 67 ar o strengthen the actuator 12.
29 Furthermore, the substrate comprising a separate prestress layer 64 may be eliminated and the
30 adhesive layer 66 may apply the presiress {o the ceramic layer 067. Alernatively, only the
31 prestress layer(s) 64 and the edhesive leyer(s) 66 may be heﬁ end bonded to a ceramic layer 67,
32 while the ceramie layer 67 is at a lower tempersture, in order o induce greater compressive giress
33 into the ceramic layer 67 when cooling the actator 12,
34
35

Referring now to Figure 2: An altemste actuator 12D may melude 8 composite piezotlectric

12
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1 ceramic layer that comprises multiple thin layers 67 and 67a of PZT which are bonded to each
2 ofher. Each layer 67 and 672 comprises a thin layer of piezoelectric material, with a thickness
3 preferably on the order of about 1 mil. Each thin layer 67 and 67a is electroplated 65 and 652, and
4 65b and 65¢ on each major face respectively. The individual layers 67 and 67a are then bonded to
5  each other with an adhesive layer 662, using an adbesive such as LaRC-SL Alternatively, and most
&  preferebly, the thin layers 67 and 672 may be bonded to each other by cofiring the thin sheets of
7.  piezoelectric material together. As fc'& as two layers, but preferably at least four sheets of
8 piezoelectric material may be bonded/cofired together. The composite piczoelectric ceramic layer
9  maythen be bonded to prestress layer(s) 64 with the adhesive layer(s) 66 and 66b, and heated and
10 cooled as described above to make 2 modified THUNDER actuator 12D. By having multiple
11 fhinner layers 67 and 67a of piezoelectric material in a modified actuator 12D, the composite
12  ceramic layer generates a lower voltage and higher current as compared to the high voltage and
13 low current generated by a THUNDER actuator 12 having only a single thicker coramic layer 67.
12
15 A flexible fnsulator may be used to coat the convex face 12a of the actuator 12. This insulative
16  coating helps prevent unintentional discharge of the piezoelectric element through inadvertent’
17 contact with another conductor, Hiquid or immen contact. The coating also makes the ceramic-
18  clementmore durable and I&;istantto cracking or damage from impact. Since LaRC-Slis a
19  dielectric, the adhesive layer 66a on the convex face 12a of the actuator 12 may act as the
20  insulative layer. Alternately, the insulative layer may comprise a plastic, TEFLON or other durable
21 coating.
22
23  Blectrical energy may be recovered from or ntroduced to the actnator element 12 by 2 pair of
24 . electrical wires 14. Each electrical wire 14 is attached at one end to oppostte sides of the actuator
25  element 12. The wires 14 may be commected (for example by glue or solder 20) directly io the
26  clectroplated 65 and 652 faces of the ceramic layer 67, or they may alternatively be connected to
27  the pre-siress layer(s) 64. As discussed above, the pre-stress layer 64 is preferably adhered to the
28-  ceramic layer 67 by LaRC-SI material, which is a diclectric. When the wires 14 are connected fo
235  the pre-stress layer(s) 64, it is desirable to roughen a face of the pre-stress layer 64, so that the pre-
30  stross layer 64 intermittently penctrates the respective adhesive layers 66 and 668, and make
31  electrical contact with the respective electroplated 65 and 65a faces of the ceramic layer 67. The
32  opposite end of each electrical wire 14 is preferably commected fo an electric pulse modification
33  circut 10.
34
35

Prestressed flextensional transdncers 12 are desirable due to their dorability and thelr relatively

13
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large vertical displacement, and concomitant relatively high voltage that such transdncers are
capable of developing, The present nvention however may be practiced with any eleciroactive
clement having foe popesties and characteristios herein described, ie., the ability to gencrate 2
voltage in response to a deformation of fae device, For example, the invention msy be practiced

using mapnefostrictive or ferroelectric devices, The transdncers also need not be normalty ercuate, -

bt may also inclnde transducers that are normally flat, and may further inchude stacked
piezoelectric clements.

\amdmm»hwwf—-'

In opersation, as shown in FIG. 4, when a force indicated by arrow 16 is apphied to the convex face

10  12acf the actoator 12, fhe force deforms the piezoelectric element 12, The foroe may be applied to
11  the piezoelectric actuator 12 by any appropriate means such as by application of manual pressure
12  directlyto the pi.czoelectris actuator, or by other mechamical means, Preferably, the force is

13  applied by a mechanical switch (e.g., 2 plunger, striker, toggie or roller switch) capable of

14  developing & mechanical impulse for application to and removal from the actuator 12, The

15  mechamical impnlse (or removel thereof) shonld be of sufficient force to cause the convex fase 12a
16  of the actuator 12 to deform quickly and accelerate over 2 distance (approximately 10 mm) which
17  generates en electrical signal of sufficient magnitude to aciivate an electromechanical latching
18  relay. ‘

15

20  Reforing o FIGS. 3, 4 2nd 5: An ilhusiration of & suitsble means for application of mechanical
21 force comprises a switch plate end 2 phunger assembly 13. The two ends of the piszoelectric

22  actuator are each pivotebly held in place within a recess 44 of a switch plate 18, The switch plate
23 18is the same shape as the actator 12 confained therein, preferably rectenguler. Tn an elternate
24  embodiment & circular actnator may be mountsd in 2 circular recess of a oiroular switch plate.
25  The recess(es) 44 in fhe switch plate 18 hold the actuator 12 in place in its relaxed, ie.,

26  undeformed state. TheTecesses 44 are elso sufficienfly decp to fully receive the ends or edges of
27 the actnztor 12 m #ts fully deformed, ie., flat state. The phmger assembly comprises a push button
28 22 pivotably commested to & hinged quick-release mechanism 24. The opposite end of fhe quick-
29  release mechanism 24 contacts shaft 26 connected to & pair of plates 27 and 28 which are clamped
30 onboth sides of the ctuator 12. A release cog 25 is Jocated elong the path of the quick-release
31  mechanism 24.

32 . :

33  Referrng to FIGS. 4 and 5: In operation, when the push button 22 15 depressed in the direction of
34  amow 16, the quick-releass mechanism 24 pushes down on the shaft 26 &nd pleies 27 and 28 and
35

deforms the actuator 12. When the quick-release mechemism 24 reaches the release cog 25, the
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quitk-release mechanism 24 pivots on its hinge and releases the downward pressure from the shaft
26, plates 27 znd 28 znd actustor 12, The actuator 12, on account of the restoring force of the
substrate of the prestress layer 64, returns quickly to its undeformed state in the direction of arrow
30 as in FIG. 5. Other means by which & force may be applied to and/or released from the ectnator
include twisting of door knob, opening & door that places pressure on an ectuator in the jamb,
stepping onto the actuator on the ground, floor or in a mat, or even sitiing down.

As previonsly mentioned, the applied force causes the piezoelectric actuator to deform. By virtue
of the piezoelectric effect, fe deformation of the piezoelectric element 12 generates an
instantzmeons voltage between the faces 12a and 126 of fhe actuator 12, which produces a pulse of
electrical ensrpy. Forthermore, when the force is removed from the piezoelectric actuator 12, the
actator recovers its original arcuate shape. This is becanse fhe subsirate or prestress layer 64 to
which the cerarmic 67 is bonded exerts a compressive force on the ceramic 67, and the actuator 12
fhs bas a cocfficieat of elasticity that canses the actuator 12 to Tetum fo its mdeformed newtral
state, On the recovery strake of the actuator 12, the ceramic 67 retorns to its undeformed state and
thereby produces another electrical pulse of opposite polarity. The downward (applied) or upward
{recovery) sirokes should cause a force over a distance that is of sufficient magnitude to create the
dosired electrical pulse. The duration of fhe recovery stroke, and fherefore the duration of fhe pulse

produced, is preferably in the range of 50-100 milliseconds, depending on the amount of force
spplied to the actuator 12, '

Tn the preferred embodiment of the invention, the electrical pulse that is generated upon removal
of the fores i.e., when the actuator 12 recovers its shape, is the pulse that is used. This is becanse
the dowmwerd force apphod,byhmdfurcxm;plc,mybcmmsismt,whcmasﬂacrecovcry
force of the actuator is a more predictable snd consistent foroe, Farthermore, because the second
pulse has an opposite polarity to the frst pulse, rapid application of the first and second pulse may
canse gn attached relay to simply open and close. Electrical fittering components (such as a diode

or zero vollage switching cirouitry) may be used to isolate fhe relay from the first pulse in order to
only use the second pulse.

15
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Electromagnetic Actuator

Referring now to FIGS. 10 znd 11: In another embodiment of the invention the acination means
for generating the electrical signal comprises a magnet and a series of coils, which generate an
electrical signal in response to relative motion between the megnet and the coils. '

Referring to FIGS. 10 and 11: In the preferred embodiments of the electromagnetic actuatar 98 or
99, mechanical or mammal actuation means, such as a linear switch 103 or rotary switch 203 is
coupled to one or more magnets 105 or 205z-¢ respectively, and more preferably a rare earth

w B ;U W

10  magnet Rare earth magnets are preferred because they have higher magnetic fields than typical

11  permenent magnets. A small rare earth magnet may be used so that the electromagnetic actuator

12  may be made more compact. ‘

13 .

14  The electromagnetic actuator 98 or 99 also comprises a series of wire coils 106 or 206. More

.15  specifically, for 2 magnet 105 coupled to 2 inear switch 103, 2 sexies of small wire cofls 106 are

16  arranged along a substrate 104 in close proximity to and substantially parallel to the Jongitndinal

17  axis along which the rare earth magnet 105 moves in response to actuation of the linear switch

18 103. Alternately, the coils comprise a series of coils 206 aranged on fhe interior of a circular
18 substrate 204, i.c., around a central axis about which the magnets 205a, 205b and 205¢ rotates in

20 . responsefo actuation of a Totary switch 203. There may be as few as one coil, but preferably at

21  least three coils are located along the axis relative fo which the magnet moves. More specifically, 6

22  ormore cofls areprcfc:mblyevcniyspabsdalqngﬂ;caxisofmoﬁonofthcmagnc‘gwbichfora

23 linear actuztor 98 is 2t least three times the length of the magnet.

24

25  Inoperation, when the manual or mechanical actnation of the linear switch 103, the attached

26  magnet 105 moves along Jongitndinal axis from postiion 111 to position 112. As the magnet 105

27  passes a coil 106, the changing magnefic field creates an electric field in the coil 106. The current

28  flows from ground (pot shown) through the coil 106 and into a wire 107 comnected to 2 conductor

29 14. This happens at each coil 106 so that as the magnet 105 passes the series of coils 106 an

30  electrc field is generated in each coil 106 end is surnmed at conductor 14. In e Hke memer, when

31  the rotary switch 203 in the embodiment of FIG. 11 is rotated, the magnet(s)205a-c move in )

32 relation to the cofls 206 attached to the pexiphery of the casing 204 of the bcﬁomagucﬁc motor

33 99, and generate an electric field in a ke mammer. '

“16
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Referring to FIGS. 6 and 7: The pulse of electrical energy is transmitied from the actuator 12, 98
or 99 via the electrical wires 14 comcc‘bcd 1o each of the actuator 12 to a switch or relay 90. The
pulse of electrical enerpy is of sufficient magnitude to cause the switch/relay 90 to toggle from one
position o another. Alteratively and preferably, the electrical pulse is first transmitted through 2
pulse modification cirouit 10 in order to modify the character, i.e, current, voltage, frequency
and/or pulse width of the electrical signal.

Referring now to FIG. 7: The electrical pulse modification ciroutt 10 essentially compnscs a
diode-capacitor array and 2 voltage regulator Ul. The anode and cathode of the diode D1 are
commected to each wire 14 respectively. More specifically, the anode is connected via a first wire
14 1o the convex face 122 of the actnator 12, and the cathode is comected via the ofher wire fo foe
cancave face 12¢ of the actoator 12. This connection allows onty the voltage pulse generated on
the recovery strole of the actnator 12 to be transmitied past the diode D1, '

The pulse modification circwit 10 elso comprises a voltage regulator U1, which controls the input
electrical pulse downstream of the diode D1. The output signal of voltage regulator U1 is
preferably 3.3 volts DC. One or more capacitors C1, C2 and C3 may be provided between the
diode D1 and the voltage regulator U1. The capaciiors C1, C2 and C3 are connected in parallel
with the diode D1. The capacitors C1, C2 and C3 act as filters to provide 2 more uniform voltage
input to the voltage regulator U1. The capacitors C1, C2 and C3 also prevent excessive peak
voltages from affecting downstrezm components of the cironit (sach as the voltage regulator UT).
The output of the voltage regnlator is a pulse of uniform voltage with a durafion of approximately
50-100 miltiseconds depending on the load applied to the actuator 12, The output voltage signal of
the pulse modification circuit 10 may then be fransmitted via another wire to the relay switch 90,
in order to change the position of fhe relay switch 90 from one position to another.

Referring to FIG. 12: An alfernate pulse modification circuit contains a capacitor-diode array that
operates 1n & different mammer. More specifically, the alternate capacitor-diode array preferzbly
has four capacitors C11, C12, C13 end C14 and nine diodes D11-D19 comnected between the
positive amd negative terminals of the actuator. More specifically, the four capacitors C11, C12,
C13 and C14 ad fhree diodes D11, D12 end D13 are poqncctedin series across the output of the
actustor, fn @ alternating feshrion, L., the capacitors and diodes are connected with C11, D11,
C12,D12, C13,D13 and C14 in series in that order. Bach of the capacitors C11,C12,C13 and
C14 preferably has the same valne, and each of the diodes D11, D12 and D13 preferably has the
same value. Each of the diodes D11, D12 and D13 zre preferably comnectzd to each other anode to
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cathode, with the cathode of diode D13 commected to the gromnd terminal of the actuator and the
anode of diods D11 connected to the positive terminal of the actoator.

Each junction between a capacitor Ci1, C12, C13 apd Cl4and adiode D11, D12 and D13 is
comected through mother diode either o ground or the positive terminal of the actuator. Mare
specifically, the junctions of the capacitors C11, C12, C13 and C14 with the cathodes of the serfes
diodes D11, D12 and D13 is commested through the anode of another diode D16, D17 and D18 to
fhe positive terminal of the actuator. Also, the junctions of the capacitors C11, C12, C13 and C14
with the anodes of the series diodes D11, D12 and D13 is connected through the cathode of
anofher diode D14, D15 and D19 fo the negative or grownd terminal of s actuator. Ths, the first
series diode D11 bas ifs anode connected throngh C1 to the positive terminal of the actoator and
fhrough the cathode of diode D19 fo the negative terminal of the actuator, and also has its cathode
cormetted though fhe anode of diode D17 to the positive terminal of the actuator. Likewise, ﬂm;
second series diode D12 has s anode comnected fhrough C2, D1 and C1 to the positive terminal
c;f the actuator and fhrough the cathode of diode D15 to the negative terminal of the actuator, and
also has its cathode connected though the anode of diode D16 to the positive terminal of the
actator. Finally, the third series diode D13 has its anode compected through €3, D2, C2, D1 and
C1 to the positive terminal of the actuator and through the cathode of diode D14 1o the negative
terminal of the actustor, and has its cathode comnected though the anode of diode D18 to the

positive terminal of the acinator, and also has its cathode commected through C4 to the negative
terminal of the actnafor,

In operation, the voltage pulse from the actuator charges the series capacitors C11, C12, C13 and
C14 through the series diodes D11, D12 &nd D13. Since the capacitors C11, C12,C13 and Cl14
preferebly arc of equal value, each of them carries one quarter of the charge of the voltage pulse.
As the pulse subsides to one quarter of iis original value, the diodes D17, D16 and D1R connested
between each of the series diodes series capacitors C11, C12, C13 and C14 and the positive
terminal became positively biased and fhe capacitors C12, C13 and C14 discharge through them.
As fhe capacitors discharge, the diodes D14, D15 and D19 besome postiively biased, placing each
capacitor in paraile] with the output volmga. Thus as the voltege pulse subsides, capacitor C11 is
placed in parallel with fhe output firough diode D19, Capacitor C12 through diodes D15 and D15,
capacitor C13 firough diodes D14 and D16 and capacitor C14 through diode D18.

This modified diode-capacitor array essentially quadriples the amount of energy from the voltage
pulse. By splitting the pulse into lower voltages and then adding the current in parallel, fhe amray

18
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transforms mcpxﬂsehxtoammmeabhvahm,wiﬁ;lowumhnga,bmhigharcmm
duration, which is desirable m downstream components of the self-powered switching relay.

Referring again to FIGS. 6 and T: Mare prefrably, the output of fhe voltzge regulstor Ul isused
1o power tone generator or encoder 40 comprising an inverter arrey U2, which generates a pulsed
tone. This pulsed tone modulates an RF generator section 50 which radiates an RF signal using a
fumed loop amterma 60. The signal radiated by the loop antenma is intercepted by en RF receiver 70
and a decoder 80 which generaies g relay pulse to activate the relay 90.

wm\]mm}hut\’"“

[
o

The cutput of the voltage reguiator Ul is comected to an inverter array U2, which acis as an encoder

11 40 for the electrical pulse. More specifically, fhe output canductor for the output voltage pulse
12 (nominally 3.3 volts) is cannected to the input pin of & hex mverter array U2. Preferably 3 of the 6
13 inverters U2A, UZB and U2C i the fuverter array U2 are comnected in series, and the other inverters
.14 {not shown) are not nsed (grounded). The last foverter U2C is commected in parallel with a series
‘15 combination of a resistor R2 and a capacitor C5, which determine the oscillation frequency of the
16  inverter amay U2, The first two of the series comected inverters UZ2A and U2B are connected in - -
17  parallel wifh 2 series combination of 2 resistor R1 and capacitor C5. In operation, capacitor CS is
18  cherged fhrough the frst resistor R2. After fhe capacitor C5 is fully charged, the voltage then follows
19  resistor R1 which triggess each of the inverters U24, U2B and U2C to topgle in series. This eyclic
20  toggling of the verters U2A, UZB and U2C generates 2 square wave output determined by the RC
21 constent of the R2-C5 comibination. Comnecting the inverters U2A, U2R and U2C in series generates -
22 afaster switching signal for the final inverter U2C of the scries and fius & clean, ebrupt outpat signal.
23 Thus, the oniput of the inverter array U2 is & sexies of square waves oscillating between 0 and &
24  positive voltage, preferably +3.3 VDC, the duretion of the series of square waves being determined
25 by the ducation of the outpuf voltage pulse of the voltage regnlator Ul. By choosing an appropriate
26  R-Ctime constant, one can deteemine from the duretion of the pulse, fhe desired pulse width and
27 hence, the number of cycles of the square wave. In the preferred embodiment of the fuvention, R2
28  hesavalue of zbout 1.2 megachms end fhe capacitor CS has 2 value of 220 picofarads. Alternatively
29 capacitor C5 is tmsble in order to adjust the frequency of oscillation of fhe fnverter srray U2, These
30 valmes provide a one millisecond long square wave having a pulse width of one helf millissoond
31  which equaies o approximately 100 square wave cycles.
32
33 The tone generator or encoder 40 may be canstructed as an IC and therefore may be mintatimized and
32 alsgprogrammedwtﬂ:ava:iciyofvaluca Thus the encoder 40 is capable of generating one of many
35

mﬁquemodcdﬁgnﬂsbysﬁnpbvmyhg&cRCmMofﬂ:cmmdﬁm.Mmspwiﬁmny,ﬂm
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encoder 40 can generaie one of a billion crﬁlsrepossible codes. Tt is also possible and desirable to
have more then one encoder 40 inchuded in the circuit in order to generate more than one code from
ane actuator or transmitter. Aliernately, any combination of mmitiple actnators and mmltiple pulse
modification subcircuifs may be nsed fogether to generate a variety of unique encoded signals.

The DC omiput of the voltage regulator Ul and the square wave output of the verter amray UZ are
connectedﬁomRF generator 50. The RF generator 50 congists of tank circuit connected to the
voltage reguiator Ul fhrough both abipola:tansistuf (BIT) Q! and an RF choke. More specifically,

\o0’.3\IC'I\U‘lr‘>"‘~’t‘J"'J

the tank circuit consists of a resonznt cirouit comprising an indnctor L2 and 2 capacitor C8 comnected

10  to each other at each of their respective ends (in pareflel}. Either the capacitor CB or the mdnctor L2
11  orboth may be tunable in order to adjust the frequency of the tank cireuit. An inductor L1 acts a5 an
12 . RF choke, with one end of the mductor L1 connected to the output of the voliege regulator Ul and
13 the opposite end of the industor L1 comected to a first junction of the 1.2-C8 tank circuit.

14  Proferably, fae RF choke inductor L1 s an ndnctor with 2 dismeter of sppraximately 0.125 inches
15  and turos on fhe order of fhirty and is comected on a loop of fhe tank circuit mductor L2. The second
16  and opposite junction of fhe 12-CB tank circuit is comecied to the collector of BIT Q1. The base of
17  fhe BIT Q1 is also comected firough resistor R3 to the output side of the imverter array U2. A

18  capacitor C7is comnected to the base of a BIT Q1 and to the first junction of the tavk circuit, Another
19 capacitor C9 is comected in paralle] with the collector and emitter of the BIT Q1. This capacitor C9
20  improves the feedback characteristios of the tapk oircuit. The emitter of the BIT is connected firough
21  resistor R4 to ground. The emitter of fhe BIT is also connected to gromnd through capacitor C10

22  which is in paraliel with the resistor R4. The capactior C10 in parallel with the resjstor R4 provides a
23  more steble canduction path from fhe emmitter at high frequencies.

24 . ’ .

25  Referring now to FIGS. 8 and 9: The RF generator 50 works n conjunction with a trmed Joop

26 - anterma 60. In the preferred embodiment, the indnctor L2 of fhe tank cireit serves as fhe loop

27  anienna 60. Mare preferably, the nductorloop anterma 1.2 comprises a single rectanguler loop of
28 ooppcrwirchzvingaﬁaddiﬁmalsmaﬂcrloop or jumper 61 commeoted to the rectengular loop 12, )
29 Adjustment of fhe shape sud angle of the smaller loop 61 relative to fhe rectangular Ioop 1.2 is used
30 to merease ar decrease the apparert diameter of the inductor 12 and fims tumes the RF transmission
31  frequency of the RF generator 50. In an atemate embodiment, 2 separate tmed anterma may be

32 comected to the second junction of the tank civewit,

33 .

34  Addifional fitring components in the cirouit inclnde 2 gromded capacitor C4 comected fo the imput
35

ofﬁ:einvcrtcrmymandagrmmdedcapacﬂmCﬁcomwmd’mﬂ:wmputofﬁmmvmmy

20

CA 2977307 2017-08-25



U2.

In operation: The positive voltage output from the voliage regulator Ul is connected the inverter
array U2 and the RF choke inductor L1. The voltage drives the inverter array U2 to generate a
square wave output, which is connected to the base of the BIT Ql fhrough resistor R3. When the
square wave voltage is zero, the base of the BIT remains de-energized, and current does not flow
through the inductor L1. When the square wave voltage is positive, the base of the BIT Q1 is
energized through resistor R3. With the base of the BIT Q1 energized, cixrent is allowed to flow
across the base from the collector o the ermitter and current is also allowed to flow across the

o @ N @ U W N M

10  inductor L1. When the square wave returns to a zero voltage, the base of the BIT Q1 is again de-
1l energized.

12 . .

13 When current flows across the choke inductor L1, the tank circuit capacitor C8 charges. Once the
14  fakcircuit capacitor C8 is charged, the tank cirouit begins to resonaie st the frequency determined
15 by the circuit’s LC constant. For example, a tank cirouit having a 7 picofirad capacitor and an
16  doctor L2 having a single rectangular loop measuring 0.7 inch by 0.3 inch, the resopant frequency
17 of the tank cirpuit is 310 MEz. The choke indnctor L1 prevents RF leakage into upstream .
18 components of the cireudt (the Inverter agay U2) because changing the magnetic field of the choke
195  indoctor L1 produces an eleciric field opposing upstresm cument flow from the tank ciroit. To
20  produce an RF signal, charges have o oscillate with frequencies in the RF range, Thus, the charges
21  oscillating in the tank ciroutt inductor / fmed loop anteoma 1.2 produse zn RF signal of preferably 310 * -
22 Mbz Asthe square wave output of the inverter furns the BIT Q1 o1 and off, the signal generated
23  from the loop anterma 60 comprises a pulsed RF signal having a duration of 100 milliseconds and a
24  pulse width of 0.5 milliseconds fhms producing 100 pulses of 310 MHz. The RF generator section is
25  tunable to multiple frequencies. Therefore, not only is the transritter capable of a great muwber of
26 tmique codes, it is also capable of generating each of these codes at a different frequency, which
27 greafly increases the mmmber of possiblc combinations of unique frequency-code signals.

28
29  TheRF generator 50 and antma 60 work in conjumetion with an RF receiver 101. More specifically,
30

. &an RF receiver 101 in proximity to the RF transmitter 126 (within 150 feet) can receive the pulsed RF

31 signal temsmitted by the RF generator 50. The RF receiver comprises a receiving antenna 70 for

32  infercepting the pulsed RF signal (toue). The tone generates a pulsed electrical signal in the receiving
33 gnterma 70 that is input to 2 microprocessor chip that acts as 2 decoder 80. The decoder 80 filters out
34 a]]signalsexceptforﬁ}cBFsignzlitisprogmnmedmrwcive,c.gé,ﬁlcsignalgcncmndbyﬁeRF
35

generator 50. An extemal power source is also comnected {o the microprocessar chip/decoder 80, n
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Tesponse to fhe intereopted tone from fhe RF generator 50, the decodsr ohip produces 2 pulssd
electrical signal, The external power source comnected to the decoder 80 augments the pulsed voltage
output signal developed by the chip. This angmented (e.g., 120VAC) voltage pulse is then epplied to
a conventional relay 90 for changing the position of & switch within the relay. Changing the relay
switch position is then used to fun an electrical device with & bipolar switch on or off; or toggle
between the several positions of a mnitiple position switch. Zero voltage switching elements may be
added to engure the relay 90 activates only once for each depression and recovery cycle of the
flextensional tremsducer element 12 or eleqtmmagnsﬁc actuator.

\Dm\]mmpwl\)!“
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Switch Initiator System with Trainable Receiver

Several different RF transmitters may be used that generate different tones for controlling relays
that are tuned to receive that tone. In another embodiment, digitized RF signals may be coded and
programmmable (as with a garage door opener) to only activate a relay that is coded with that
digitized RF signal. In other words, the RF transmitter is capable of generating at least one tone,
but is preferably capable of generating multiple tones. Most preferably, each tramsmitter is coded
with one or more umique signals. This is easily done, since programmable ICs for generating the
tone can have over 2° po#sible unique signal codes which is the equivalent of over 1 billion codes.

\om\]mlﬂ}bwt\)}-‘

10 Most prgferably the invention comprises a system of muttiple transtmitters and one or more
11 receivers for actuating building lights and appliances. In this system for remote control of these
12 devices, an extremely large mumber of codes are available for the transmitters for operating the
13 lights and or appliances and each transmitter has at least one umique, permanent and nonuser
14 changeable code. The receiver and controller module at the light or appliance is capable of storing
15 and remembering a number of different codes corresponding to different transmitters such that the
16 controller can be programmed 50 as to actuated by more than one transmitted code, thus allowing
17  two ormore iransmitters to actnate the same light or appliance.
18 , . .
19 The ;ccmote: control system includes a receiver/controller for lca'r_ﬁjng 2 imique code of a remote
20 transmitter to canse the performance of a fimction associated with the system, light or appliamce
21  with which the reccivcr/cﬁntollcr module is associated. The remote control system is
- 22 advantageously used, in one embodiment, for interior or exterior lighting, household appliances or
23 seourity system.
24
25 Preferably, a phurality of transmitters is provided wherein each transmitter has at least one unique
26 and permsnent non-user changeable code and wherein the receiver can be placed into a program
27  mode wherein it will receive and store two or more codes corresponding to two or more different
28  tremsmitters. The number of codes which can be stored in transmoitters can be extremely high es,
29  for example, greater than one billion codes. The receiver has a decoder module therein which is
30 capable of leaming many different transmitted codes, which eliminates code switches n the
31  receiver and also provides for multiple transmitters for actnating the light or appliance. Thus, the
32 mvention makes it possible to eliminate the requirements for code selection swféchcs inthe
33  {rensmitters and receivers.
34
35

Referring to FIGS. 6, 7 and 12: The receiver module 101 inclodes a suitable receiver antenna 70 for receiving radio
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frequency transmissions from first and second transmitters, each a transmitter such as transmitter
126, and supplies an input to a decoder 80 which provides an output to a microprocessor unit 144.
The microprocessor unit 144 is connected to a relay device 90 or controller which switches the light
or appliance between one of two or more operation modes, i.e., on, off, dim, or some other mode of
operation. A switch 122 is mounted on a switch unit 119 connected to the receiver and also to the
microprocessor 144. The switch 122 is a two position switch that can be moved between the

“operate” and “program” positions to establish operate and program modes.

In the invention, each transmitter, such as transmitter 126, will have at least one unique code which
is determined by the tone generator/encoder chip 40 contained in the transimitter. The receiver unit
101 is ablc to memorize and store a number of different transmitter codes which eliminates the nced
of coding switches in either the transmitter or receiver which are used in the prior art. This also
eliminates the requirement that the user match the transmitter and receiver code switches.
Preferably, the recciver 101 is capable of receiving many transmitted codes, up to the available
amount of memory locations 147 in the microprocessor 144, for example one hundred or more

codes.

When the controller 90 for the light or appliance is initially installed, the switch 122 is moved to the
program mode and the first transmitter 126 is energized so that the unique code of the first
transmitter 126 is transmitted. This is received by the receiver antenna 70 and decoded by the
decoder 80 and supplied to the microprocessor unit 144, The code of the first transmitter 126 is then
supplied to the memory address storage 147 and stored therein. Then if the switch 122 is moved to
the operate mode and the first transmitter 126 energized, the receiver 101, decoder 80 and the
microprocessor 144 will compare the received code with the code of the first transmitter 126 stored
in the first memory location in the memory address storage 147 and since the stored memory
address for the first transmitter 126 coincides with the transmitted code of the first transmitter 126
the microprocessor 144 will energize-the controller mechanism 90 for the light or appliance to

energize de-energize or otherwise operate the device.

In order to store the code of the second transmitter 126 the switch 122 is moved again (o the
program mode and the second transmitter 126 is energized. This causes the receiver 101 and
decoder 80 to decode the transmitted signal and supply it to the microprocessor 144 which then
supplies the coded signal of the second transmitter 126 to the memory address storage 147 where it
is stored in a second address storage location. Then the switch 122 is moved to the operate position
and when either of the first and second transmitters 126 are energized, the receiver 101 decoder 80

and
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microprocessor 144 will energize the controller mechanism 90 for the light or appliance to cnergize

de-energize or otherwise operate the device.

Thus, the codes of the first and second transmitters 126 are transmitted and stored in the memory
address storage 147 during the program mode after which the light or appliance controller will
respond to either of the first and second transmitters 126. Any dcsired number of transmitters can
be programmed to operate the light or appliance up to the available memory locations in the

memory address storage 147.

This invention eliminates the requircment that binary switches be set in the transmitter or receiver
as is done in systems of the prior art. The invention also allows a controller to respond to a number
of different transmitters because the specific codes of a number of the transmitters are stored and

retained in the memory address storage 147 of the recetver module 101.

In yet another more specific embodiment of the invention, each transmitter 126 contains two or
more unique codes for controlling an appliance. One code corresponds in the
microprocessor to the “on” position and another code corresponds in the microprocessor 144 to the
“off” position of the controller. Alternately, the codes may correspond to “more” or “less”
respectively in order to raise or lower the volume of a sound device or to dim or undim lighting for
gxample. Lastly, the unigue codes in a transmitter 126 may comprise four codes which the
microprocessor interprets as “on”, “off”, “more” and “less” positions of the controller 90, depend
on the desired setup of the switches. Alternatively, a transmitter may only have two codes, but the
microprocessor 144 interprets repeated pushes of “on” or “off” signals respectively to be

interpreted as dim up and down.

In another embodiment of the invention, receivers may be trained to accept the transmitter code(s)
in one-step. Basically, the memory 147 in the microprocessor 144 of the receiver modules 101 will
have “slots” where codes can be stored. For instance onc slot may be for all of the codes that the
memory 147 accepts to be turned on, another slot for all the off codes, another all the 30% dimmed

codes, etc.

Each transmitter126 will have a certain set of codes, maybe just one, the “toggle” code, wherein the
receiver module 101 knows only to reverse its current state, if it’s on, turn off, and if it’s off, turn
on. But, the transmitter 126 may have many codes as listed above, and many more codes for the

complex control of appliances. Each of these codes is “unique”. The transmitter 126 will send
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out ifs code set in & way in which the receiver101 knows in which slofslto put each code. Also,
with the increased and longer pulse of electricity that can be generated in the transmitter 126, 2
single transmission of 2 code set s doable even with mechamically produced voltage. As a back-
up, if this is not true, and if wireless transmission uses up more electricity than we have available,
some sort of temporary wired connection (jumper not shown) between each transmitter and
receiver target is possible. Although the disclosed embodiment shows mamal or mechanical
interaction with the transmitter and receiver to train the receiver, it is yet desirable to put the
receiver in reprogram mode with a wireless transmission, for example a “training™ code.

In yet another ermbodiment of the invention, fhe transmitter 126 may have multiple unique codes
and the transmitter randomly selects one of the multitude of possible codes, all of which are
programmed o the memary allocation spaces 147 of the microprocessor 144,

In yet another embodiment of the invention, the transmitter 126 signal need not be marmally
operated or triggered, but may as easily be operated by any mammer of mechanical force, i.e., the
movement of a window, daor, safe, foot sensor, etc. and that a burglar alarm sensor might
simmltaneously send a signsl o the security system and 2 hight in the lntruded upon roem.
Likewise, the transmitter 126 may be combined with other apparams For example, a fransmitter

126 may be Jocated within 2 garage door opener which can also tnm on one or more Lights in the
house, when the gerage door opens.

Furthermore, the transmitters can talk to & cemtral system or repeater which re-transmits the signals

by wire or wircless means to lights and appliances. In this manner, one can have one

transmitter/receiver set, or marry transmiters interacting with many different receivers, some

_irensmitters talking o one or more receivers and some receivers being comirolled by one or more

transmitters, thus providing & broad system of interacting systems and wircless iransmitters. Also,
the trenspofiters and receivers may have the capacity of interfacing with wired communications
liks SMARTHOME or BLUETOOTH.

While in the preferred embodiment of the mmvention, the actustion means has been described as -
from mechnical to electric, it is within the scope of the invention io include batteries in the
transmitter to power or supplement the power of fhe transmitter. For example, rechargeable
batteries may b incloded in fhe transmitter cirwitry and may be recharged frongh fhe
electromechsnical actuators. These rechargeable batteries may thus provide backup power o the
transmmitier.
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It is seen that the present invention aliows a receiving system to respond fo ane of a plorality of
transmitiers which have different umique codes witich can be stored in the receiver during a
program mode, Each time the "program mode switch® 122 is moved to the program position, &
different storage can be cormected so that the new transmitier code would be stored in fhat

address. After all of the address storage capacity have been used additional codes would erase all
old codes in the memory address storage before storing e new ane.

This fuvention is safe becanse it eliminates fhe need for 120 VAC (220 VAC in Burope) tines to be
num to each switch in the house. Instead the higher voltage overhead AC tines are onty rin to the
apphiances or lights, and they are actuated through the self-powered switching device end relay

. switch. The tvention also saves an initial and renovation construction costs associated with cutting

holes and rumning the electricel tmes tofffirongh each switch and within the walls, The invention s
perticularly meefiul in historic strustures undergoing preservation, as the walls of the structore nesd
not be destroyed and then relbuilt. The nvention is also usefl in concrete constraction, such as

structures using concrete slab and/or stucco construetion and elimimete the need to have wiring on the
surface of the wells and floors of these structores. '

While fhe above description contzins mamny specificities, these shonld not be construed as
Iimifetions on the scope of the invention, but rather as an exemplification of ane preferred
embodiment thereof. Many other variations are possible, for example:

In addition to piezoelectric devices, the electrorctive clements may comprise magnetosirictive or
ferroelectric devices;

Rather than being arcuate in shape, the actuators may normally be flat and still be deformable;

Multiple high deformation piezoelecitic actuators may be placed, stacked mnd/or bonded on top of
each other;

Muitiple piezoelectric actnators mey be placed adjacent each ofber to form an arrey.
Larger or different shepes of THUNDER elements may also be used to generate higher fmpdses,

‘The piezoelectric clements may be flextensiona] actnatnrs ar direct mode piezoslectric acmators.
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A bearing material may be disposed between the actnators and the recesses or switch plate in order

to reduce friction and wearing of one element against the next or against the frame member of the
switch plate. ‘

Other means for applying pressure to the actuator may be used including simple application of
marmal pressure, rollers, pressure plates, toggles, hinges, knobs, sliders, twisting mechanisms,

release latches, spring loaded devices, foot pedals, game consoles, traffic activation and seat
activated devices.

mmdmm,{swl\)k‘

10

11 Accordingly, the scope of the invention should be determined not by the embodiment fiustrated,

12 but bythe appended claims and their legal equivalents.
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CLAIMS
1. A self-powered switching system comprising:

a voltage generator;

a voltage regulator subcircuit electrically connected to an output from the voltage generator;

a first signal transmission subcircuit electrically connected to an output of the voltage regulator
subcircuit, the first signal transmission subcircuit comprising a first electromagnetic signal generator
subcircuit connected to a first transmitter;

a first signal reception subcircuit for receiving a electromagnetic signal transmitted by the first
transmitter;

a second signal transmission subcircuit in communication with the first signal reception
suhbcircuit, the second signal transmission circuit comprising a second electromagnetic signal generator
subciruit connected to a second transmitter that generates a second electromagnetic signal in response
to the received first electromagnetic signal;

a second signal reception subcircuit for receiving the second electromagnetic signal transmitted
by the second transmitter, the second signal reception subcircuit comprising a switch signal generator to
generate a switch command signal in response to the received second electromagnetic signal; and

a switch having a first condition and a second condition, the switch being in communication with
the second signal reception subcircuit, and being adapted to change between the first condition and the
second condition in response to the switch command signal received by the switch from the second
signal reception subcircuit.

2. The self-powered switching system according to claim 1, wherein:

the first signal transmission subcircuit further comprises a first encoder for generating a first
radio frequency code signal as a portion of the first electromagnetic signal, the first radio frequency
code signal being one or more of one billion or more possible coded signals, and the first coded radio
frequency signal being indicative of an identification of the first transmitter; and

the second signal transmission subcircuit further comprises a second encoder for generating a
second radio frequency code signal as a portion of the second electromagnetic signal, the second radio
frequency code signal being indicative of an identification of the second transmitter.

3. The self-powered switching system according to claim 2, the second signal reception subcircuit

further comprising a decoder, the decoder comprising:

-29.
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a memory for storage of one or more radio frequency code signals; and
a comparator for determining whether the first radio frequency code signal matches the one or
more radio frequency code signals stored in the memory to determine a signal match;
the decoder generating the switch command signal in response to the comparator’s
determination of the signal match.
4. The self-powered switching system according to claim 3, the voltage generator comprising an
electro-mechanical generator,
wherein the electro-mechanical generator generates a voltage output upon input of mechanical
energy to the electro-mechanical generator.
5. The self-powered switching system according to claim 4, wherein the electro-mechanical
generator comprises at least one of an electroactive member and an electromagnetic member.
6. The self-powered switching system according to claim 3, the voltage generator comprising an
electro-mechanical generator,
wherein:
an application of a force to and a release of the force from the electro-mechanical
generator produces a first electrical energy output from the electro-mechanical generator,
the first signal transmission subcircuit expends a first quantity of electrical energy to
generate the first electromagnetic signal, and
the first quantity of electrical energy is less than the first electrical energy output from
the electro-mechanical generator.
7. The self-powered switching system according to claim 6, wherein the application of the force to
and the release of the force from the electro-mechanical generator produces a voltage signal having a
duration of at least 50 milliseconds.
8. The self-powered switching system according to claim 3, wherein the first radio frequency code
signal indicative of the identification of the first transmitter is permanent.
9. The self-powered switching system according to claim 3, wherein the first radio frequency code
signal indicative of the identification of the first transmitter is not user-changeable.
10. The self-powered switching system according to claim 3, wherein the first radio frequency code
signal indicative of the identification of the first transmitter identifies only the first transmitter and is not

indicative of an identification of any transmitter other than the first transmitter.

-30-
23298669.1

CA 2977307 2018-01-22



CA 2,977,307
Blakes Ref. 67651/00004

11. The self-powered switching system acco‘rding to claim 4, further comprising an electrical energy
storage device connected to an output of the electro-mechanical generator.

12. The self-powered switching system according to claim 11, wherein the electrical energy storage
device is a rechargeable battery.

13. A self-powered switching system comprising:

a voltage generator;

a voltage regulator subcircuit electrically connected to an output of the voltage generator;

a first signal transmission subcircuit electrically connected to an output of the voltage regulator
subcircuit;

the first signal transmission subcircuit comprising a first electromagnetic signal generator
subcircuit connected to a first transmitter, the first signal transmission subcircuit further comprising a
signal generator for generating a first coded radio frequency signal, wherein the first coded radio
frequency signal is one or more of one billion or more possible coded signals, and wherein the first
coded radio frequency signal is indicative of an identification of the first transmitter and is not user-
changeable;

a first signal reception subcircuit for receiving a radio frequency signal transmitted by the first
transmitter;

a second signal transmission subcircuit in communication with the first signal reception
subcircuit, the second signal transmission subcircuit comprising a second electromagnetic signal
generator subcircuit connected to a second transmitter, and a signal generator for generating the first
coded radio frequency signal;

a second signal reception subcircuit for receiving a second electromagnetic signal transmitted by
the second transmitter; and

a control subcircuit for selectively training the second signal reception subcircuit to receive the
first coded radio frequency signal transmitted by the second transmitter;

wherein the second signal reception subcircuit further comprises a decoder, the decoder
comprising:

a memory for storage of one or more coded radio frequency signals; and
a comparator that determines whether the first coded radio frequency signal matches

the one or more coded radio frequency signals stored in the memory to determine a signal match;

-31-
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the decoder generates a switch command signal in response to the signal match; and
a switch having a first condition and a second condition, the switch being in communication with
the second signal reception subcircuit, and being adapted to change between the first condition and the
second condition in response to the switch command signal received by the switch from the second
signal reception subcircuit.
14. The self-powered switching system according to claim 13, the voltage generator comprising an
electro-mechanical generator,
wherein the electro-mechanical generator is adapted to generate a voltage output upon input of
mechanical energy to the electro-mechanical generator.
15. The self-powered switching system according to claim 14, further comprising an electrical
energy storage device connected to an output from the electro-mechanical generator.
16. The self-powered switching system according to claim 15, wherein said electrical energy storage
device is a rechargeable battery.
17. The self-powered switching system according to claim 14, wherein the electro-mechanical
generator comprises at least one of an electroactive member and an electromagnetic member.
18. A switching system, comprising:
a self-powered transmitter subcircuit, comprising:
a voltage generator;
a voltage regulator subcircuit electrically connected to an output from the voltage
generator;
a signal transmission subcircuit electrically connected to an output of the voltage
regulator subcircuit, the signal transmission subcircuit comprising:
an electromagnetic signal generator subcircuit connected to a first transmitter;
and
an encoder for generating a single radio frequency code, wherein the generated
single radio frequency code is one or more of one billion or more possible coded signals, and single radio
frequency code is indicative of an identification of the first transmitter and is different from an
identification of other transmitters in the switching system;
wherein the first transmitter transmits an electromagnetic signal generated by

the electromagnetic signal generator subcircuit and encoded with the single radio frequency code;
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a signal reception subcircuit, comprising:

a receiver for receiving the electromagnetic signal transmitted by the self-powered
transmitter subcircuit;

a control circuit for selectively training the receiver to receive the electromagnetic signal
encoded with single radio frequency code transmitted by the first transmitter;

a switch signal generator to generate a switch command signal in response to an
electromagnetic signal received by the signal reception subcircuit from the self-powered transmitter
subcircuit; and

a switch having a first condition and a second condition,

the signal reception subcircuit being in communication with the switch,

the switch being adapted to change between the first condition and the second condition in
response to the switch command signal being received by the switch from the signal reception
subcircuit,

the signal reception subcircuit further comprising a decoder, the decoder comprising:

a memory that stores one or mare radio frequency codes, and

a comparator that determines whether the single radio frequency code matches the one
or more radio frequency codes stored in the memory to identify a frequency code match,

the decoder generates the switch command signal in response to the frequency code
match, and

the switch changing between the first condition and the second condition in response to
the switch command signal received by the switch from the signal reception subcircuit is indicative of a
change in a physical condition of an actuator member associated with the switch.

19. The switching system according to claim 18, wherein the change in the physical condition of the

actuator member corresponds to movement of the actuator member.

20. The switching system according to claim 19, wherein the actuator member is a door or a
window.
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