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Piezo-electromagnetic Scavenger Power Supply for Wireless Apparatus 

Current state of the art wireless sensor/transmitter systems require a wired connection to a power source or a battery.  These wireless devices need reliable power sources that last as long as the sensing application itself, without requiring intervention of technicians to replace or recharge batteries, and without being subject to the vagaries of the conventional power grid such as lightning strikes, power failures, or expensive electrical wiring and connections.  

The Piezo-electromagnetic Scavenger Power Supply for Wireless Apparatus uses a novel combination of piezoelectric and electromagnetic technology to produce small amounts of electricity suitable for independently powering wireless sensor/transmitters for long periods without intervention.

Environmental power scavenging

Our approach for powering these wireless sensors is to scavenge or harvest power from the sensor’s operating environment, so that wireless sensors can be self-powered throughout their productive lives, rendering them truly wireless and completely autonomous.  An innovative application of current technology, combining piezoelectricity and electromagnetism, allows us to propose an inexpensive wireless sensor power supply using standard components and suitable for large-scale production.  

Application advantage:  Truly Wireless

Application of this device will allow wireless sensors to become autonomous and truly wireless, without any external power input (via temperature gradients, wind, vibration, water flow, light, etc.)  The rapidly growing wireless sensor/transmitter market is the target for this power supply, due to the low power requirement of wireless sensors.  It should be easy to get a few thousandths of an ampere out of a magnet and a crystal!  We expect to scavenge at least a watt, much more than wireless sensors need.  Obviously, the applications of a wireless power supply are not limited to wireless sensors.  Medical electronics, palmtop computers, and any low-powered device would benefit also.

Previous technology uses only the magnetic field to generate power.

Due to early truncations of Maxwells theories by Lorentz and Heaviside, references to the dynamic voltage field that precedes (and indeed initiates) a magnetic field where discarded due to the belief that the uncurled voltage component did not affect the circuit. 

Calculations of this field show an immense value, enough to warp space-time and form the magnetic field. If this precursor voltage could somehow be utilized it would provide a source of power not included in present power calculations. To those schooled in current dogma, this would seem to be energy appearing from nowhere!

New technology harvests both the magnetic field and the electric field to more efficiently generate power.

Our new technology uses separate mass structures to harvest electric and magnetic fields.  We use a crystal substance with special properties of piezoelectricity, ferroelectricity, and ferromagnetism to capture the A field.  Two toroidial magnets wound with wire capture the magnetic (B) field.  These components are combined and operated in a unsymmetrical circuit.

Method of power generation:  Magnetic flux manipulation plus piezoelectricity

The method to extract power from the environment uses a pulsed electromagnet to manipulate the flux from permanent magnets through a piezoelectric material to pickup coils.  Figure 1, Exploded Piezo-electromagnetic Assembly, shows a schematic view of the components of the assembly.  

The assembly has two magnetic toroids (of the type found on magnetrons within microwave ovens) with a pickup coil of wire wound around each one.  The magnets align with one another with opposite poles such that they are attracted to each other.  

Between the magnets is a disk shaped wafer of Barium Titanate (BaTiO3) coated on each face with a printed circuit in the form of a spirally wound Tesla coil made of gold, copper or aluminum.  
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Figure 1, Exploded Piezo-electromagnetic Assembly.

Theory of Operation of the Piezo-electromagnetic Scavenger

The general idea is to charge the spiral wound Tesla coil with a very abrupt short duration pulse (sharp leading and trailing edges) at the naturally resonant frequency of the coil.  As the magnets attract and repel due to the magnetic field of the Tesla coil, they stress the piezoelectric disk mechanically, and the electromagnetic fields of the magnets stress the electric field of the wafer.  
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Figure 2, Simplified Exploded Piezo-electromagnetic Scavenger Schematic

Look at Figure 2, Simplified Exploded Piezo-electromagnetic Scavenger Schematic.  Closing switch S1 allows current to flow from the battery into the spiral coil.  This is the charge-pulse, and this current goes to the load.  Power to the load circuit is equal to voltage times current multiplied by dwell time of the pulse (W=E*I*t.)

The expanding electromagnetic field perturbs the electric field of the Barium Titanate disk, and the magnetic fields of the two magnets.  This increasingly warps both magnetic and electric static fields with a dynamic field composed of multiple odd harmonics of the resonant frequency.  Fields intertwine, developing eddy fields spinning at the odd harmonic frequencies until the perturbing field builds up to maximum value.  The magnets also lessen their mutual attraction due to the polarity of the expanding field.

Voltage pulses from all three coils

After current flows out of the other end of the spiral coil and powers the circuit, the switch opens, and the wildly distorted fields rebound to their original static positions as the spiral field collapses, driving Tesla coil current in the opposite direction, through the diode to charge the battery.  The moving magnetic fields also induce current into the toroidial pickup coils on the two magnets, and this current goes through diodes to charge the battery.  

Voltage pulses from the crystal

The magnetic perturbations of the Tesla coil cause attraction or repulsion of the magnets, thereby physically flexing the Barium Titanate wafer, and generating a piezoelectric charge on the surface of the disk, which conducts through the printed circuit spiral coils connecting to a diode to charge the battery.  

Barium Titanate has been extensively studied.  Crystals of Barium Titanate were used in submarine sonar transducers.  We know that Barium Titanate is highly piezoelectric, has a high dielectric constant, and the frequency of resonance of the wafer is equal to the speed of sound in the material divided by twice the thickness of the wafer (F=c/2I.)  

Resonance an important factor in gain

Much of the gain in this circuit comes from the fact that the disk is physically resonant to the pulse frequency, which is also the resonant frequency of the Tesla coil, and the two toroidial pickup coils.  One may use a grid dip meter to determine resonant frequency of the coils.  Use an oscilloscope to determine wafer resonant frequency.  Circuits at resonance exhibit large voltage and current swings, and consequently, strong electromagnetic fields. 

Pulses develop in four phases

Each energy conversion process (piezo and electromagnetic) generates voltage, but at a different time.  The initial Tesla coil charge-pulse generates a lagging voltage on the pickup coils as current flows to the circuit.  Then the collapse of the Tesla coil field and the rebound of the permanent magnet field cause output voltage from the Tesla coil itself.  As the magnets mutual attraction changes, compression and decompression stresses the crystal, but due to mechanical delay, the pulse is later in time.  

Therefore, for each Tesla coil charge-pulse, four output pulses develop.  Figure 3, Pulse Timing Diagram, shows the four voltage sources and their relationship in time.  

The first positive pulse on the Tesla coil is the charge-pulse, created by current flow to the circuit.  The negative portion is the fly-back voltage due to collapse of the charge-pulse field when the switch opens.  This portion returns to charge the battery.

The charge-pulse induces voltage in both pickup coils, slightly delayed in time (phase-lagging) compared to the incidental pulse.  This voltage charges the battery through a diode bridge.  Collapse of the Tesla coil field causes current in the pickup coils to fly-back, and that current also routes through the bridge to charge the battery.

When the Barium Titanate disk wafer stresses due to changes in mutual attraction of the magnets, the crystal generates an output voltage at its resonant frequency.  This output lags in time due to mechanical lag in the magnetic assembly.
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Figure 3, Pulse Timing Diagram

Total energy input (from the battery) to the scavenger is the charge-pulse, using current that goes to the circuit.  Total energy output of the scavenger (available to charge the battery) is an integral of the sum of the Tesla coil fly-back pulse energy, both phases from both pickup coils, and both phases of the crystal.  Figure 4, Combined Recharge Pulse Diagram, shows the rectified composite waveforms of the Tesla fly-back, pickup coils, and crystal pulses.


[image: image4.png]Chirge-pilse

- nysh\
Combinad L
rechargs puse

/ Pitinp cols
A Ayback




Figure 4, Combined Recharge Pulse Diagram

Frequency of Operation

Higher frequency produces higher energy.  However, a limit exists on the highest frequency at which the device will operate.  Physical size is a determining factor on operating frequency, and our magnets are a standard size, which sets the size of the wafer, and ultimately, the resonant frequency of the Tesla coil and pickup coils.  We believe a frequency between thirty kilohertz to one hundred kilohertz (30 –100 kHz) is most suitable for this device.  Further iterations will be smaller and higher in frequency, somewhere between one to ten megahertz, which should generate even more power due to greater efficiencies.  The problem with ever-higher frequencies is electromagnetic radiation, which causes interference in the radio wavelengths.  This radiation must be shielded by an enclosure (called a Faraday cage.)

The Q of the circuit is low because we draw power from it, so the coils only need to be close in value, but the wafer oscillates at a very narrow range of frequencies, and has high impedance.  So once the naturally resonant frequency of the magnetic assembly is known, the Barium Titanate wafer is ground to the proper thickness, and the switching pulse frequency is fine tuned to the resonant frequency of the wafer.  A transformer matches the high impedance of the disk to the low impedance of the battery.

Total energy accumulation from crystal and magnets, at different times

Now, the total accumulation of energy is from both, the magnetic field collected from all of the coils including the energizing Tesla coil itself, and the electric field collected from the piezoelectric wafer.  These pulses occur at different times, so although each energy pulse itself is smaller than the original pulse, total accumulation over time is more energy than the original pulse!  No magic or rocket science is involved, just scrupulous scavenging.

More energy generates than is used to switch the circuit, and this extra energy goes to capacitor C1 through diode D2 in Figure two.  C1 charges to the peak voltage generated by the coils minus the voltage drop across the diodes.  This value can be larger than the original battery voltage.  

Preliminary electronic schematic

Look at Figure 5, Piezo-electromagnetic Scavenger Power Supply, Model “A.”  Replacing switch S1 in the previous figure with an insulated-gate-field-effect transistor and driving it with a dual timer integrated circuit (U2) allows adjustable switching at a high frequency with small pulse duration.  Replacing single diodes with bridge rectifiers allows capture of both positive and negative phases.  Transformer T3 matches the high impedance of the crystal to low impedance of the battery.  An efficient regulator (U1) reduces and maintains the output voltage at a desired value.  Relay K1 energizes when voltage is sufficient, and disconnects the battery.  Capacitor C2 supplies charge-pulse current thereafter, powering the circuit and then recharging each cycle.  
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Figure 5, Piezo-electromagnetic Scavenger Power Supply, Model “A.”

Research will develop formulas

Since this is a new concept of power generation, little is presently known regarding precise component values.  The number of turns of the coils, resonant frequency of the assembly, required magnetic strength of the magnets, physical/electrical characteristics of the Barium Titanate disk, switching frequency and duration, and battery overcharge protection are known problems to be worked out by experimentation during the first six months of Phase One.  

We expect to find that we need the battery only during start-up.  The over-riding thrust of initial research into these problems will be to develop formulas and computer programs, which will aid in designing future devices of this genre. 

Parts procurement

Procurement of parts is no problem, except for Barium Titanate.  Research indicates that substance to be the best for this application.  An interesting side note, submarine sonar transducers use Barium Titanate for it’s exceptional piezoelectric characteristics.  Strong magnets are readily available, in old disk drives, large speakers, and microwave oven magnetrons.  Other electronic components are standard state of the art.

Functional improvements

Improvements in circuit function are a certain by-product of this research.  We wish to include a small inexpensive computer chip with built-in analog-to-digital and digital-to-analog converters, to aid in proper battery charging cycles, as well as voltage regulation and other metering and control capabilities.  We envision integrating wireless Internet digital sensing and control of the piezo-electromagnetic scavenger.

It is possible to stack piezo-electromagnetic assemblies, either in parallel for more current, or series for more voltage, or a combination of both for more power, much as you do batteries.  

Simpler may be better

Sometimes adding capabilities and circuit complexity are not what works in the marketplace.  For a cost driven situation, lower complexity results in lower cost.  Perhaps research will make the circuit simpler.  

For example, part of the crystal output could drive the switch, eliminating the dual timer circuit.  Size could be reduced and operating frequency increased to make it more efficient.  By proper component selection, the regulator could be eliminated.  Use of new battery technology may do away with the overcharge protection relay.  Even on/off switches and the fuse could be discarded!  To start the device, give it a sound whack.  Figure 6, Economical Piezo-electromagnetic Scavenger Power Supply, shows a hypothetical minimal “strike to start” circuit.

[image: image6.wmf]L3

INDUCTOR/TOROID

-

+

D4

BRIDGE

1

4

3

2

C2

1000 uF

MODEL "MOSQUITO"

A

PIEZO-ELECTROMAGNETIC SCAVENGER POWER SUPPLY

B

1

1

Sunday, November 23, 2003

Title

Size

Document Number

Rev

Date:

Sheet

of

D1

DIODE

L2

INDUCTOR/SPIRAL

T3

 Z MATCHING XFMR

1

4

5

6

8

Piezo-electromagnetic Assembly:

Magnet 1 is wrapped with a torus of wire (L1)

Barium Titanate wafer (Y1) is placed over

magnet,

Spirally wound Tesla coil (L2) placed over wafer.

Magnet 2 is wrapped with torus of wire (L3) and 

placed over Tesla coil, magnets attracting.

Tie-wrap assembly tightly.

BARIUM TITANATE

DISK 1

MAGNET 1

Y1

CRYSTAL

-

+

D2

BRIDGE

1

4

3

2

ELECTRONIC SYSTEMS SERVICES

-

+

D5

BRIDGE

1

4

3

2

L1

INDUCTOR/TOROID

Q1

ZVP4424/TO

2

1

3

MAGNET 2

STRIKE ASSEMBLY TO START

C1

1000 uF

D3

DIODE

JP1

CONN PLUG 2

1

2

1

2

ENGINEER:  JON BLACKMON          DATE:  11/23/03

DRAFTSMAN:  JON BLACKMON       DATE:  11/23/03

C5

0.1


Figure 6, Economical Piezo-electromagnetic Scavenger Power Supply.
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