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Abstract:

Small wind generators based on the piezoelectric effect in poly(vinylidene fluoride), or PVF2 for short
were designed, built and tested. The design was based on developing a voltage across a bimorph made
of two PVF2 sheets glued back-to-back and coated with electrodes. Suitable means of setting these
bimorphs into oscillation in the wind were developed. One of these designs (oscillating leaf) is based
on forcing the blades into oscillation at 60 Hz and feeding the output directly into the ac line. The other
two designs had the blades as parts of rotors which were forced to rotate by the wind. For these designs
the power was brought out through the rotor bearings and could be fed into the line by means of a
rectifier and synchronous inverter. The poled PVF2 is very expensive, but reducing the cost of the
poling process could make PVF2 wind generators practical for commercial use.
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ABSTRACT

Small wind generators based on the piezoelectric
effect in poly(vinylidene fluoride), or PVFZ for short were
designed, built and tested. The design was based on
developing a voltage across a bimorph made of two PVF,
sheets glued back-to-back and coated with electrodes.
Suitable means of setting these bimorphs into oscillation
in the wind were developed. One of these designs
(oscillating leaf) is based on forcing the blades into
oscillation at 60 Hz and feeding the output directly into
the ac line. The other two designs had the blades as parts
of rotors which were forced to rotate by the wind. For
these designs the power was brought ont through the rotor
bearings and could be fed into the line by means of a
rectifier and synchronous inverter. The poled PVF2 is very
expensive, but reducing the cost of the poling process
could make PVF, wind generators practical for commercial
use,




CHAPTER 1
INTRODUCTION

ﬁhen Coulomblstated the well-known law of the force
between two charges; it was thoﬁght'thgt‘electriéity
‘could be produced by pressure. First Hauy and then A, C.
Becquergl conducted experiments ip which particular
crystals showed ;}ect;ical effgcté when pressure was
applied. | |

Credit should also be gifen to the brothers Pierre
and Jacqu?s Curie for the discovery in 1880 that some’
crystﬁls wvhen compressed ip particulﬁr directions
produce positive and negative charges on certain portions
‘of their surfaces, the;e charges bging proportional to
the pressure, and which then vanish when the pressure is
removed.

This wasn'’t just a lucky discovery, because Pierre
Curie’'s previous study of pyroelectric.phenomen; ied botﬂ
~of them to look for electricify from pressure. They also
looked for a particularldirection of applying the force
and studied wﬁich groups of crystals .exhibit the effect.
80 the name piezoelectric, which means electricity by

pressure, was given to this class of material,

One of these piezoelectric materials 1is a




piezoelectric polymer, mnamely pqu(vinylidene fluoride),
abbreviated PVDF or PVF2. ?he piezoelectric effect in
PVF, was first discovered by Kawai, a Japanese scientist,
in 1969. As the name implies, this phenomenon is an
electric poiarization of the polymer (s0l1id) on which
forces are acting. For reasonaﬁle.forces the polarization
is proportional to the applied force. If the extgrnal
force is reverséd in sign the polarizati;n changes
direction., An inverse effect is a dimensional changeké
strain) caused ﬁy applying an‘electric field.

PVF2 and some of its copolymers have been shown to
be ferroelectric, while other piezoélgctric polimérs are
"less likely to-ie. PVFZ, whose molecular chain formula is
(CHZ—CFZ)n, appears to be the s;roﬁgest of piezoelectric
and pfroelectric polymers,

In or&er to make these polymers macroscopically
polar, there ha's £o be Qechaﬁical exfensioﬂ'aﬁd
electrical poling, Mechanical extension causes a
reorientation of fhe Qriéinal spheiulitic ﬁtructure‘int§
an array of crystallites which now has its moigcules
oriented in the difection of the force. Now the final
step comnsists oflevaporating electrodés on the sample aﬂd.
connecting them fo a high volfage soufce{ applying 8
field of 0.5 meg;volt per centimeter, fhis step creates a

permanent polar film.




Wind generator application of PVFZ, which is the
main aspect of this project, is qxplored herein in gresat
detail, Today wind power c;n be used to provide -
electricity ﬁy_conventional windmills, but a
piezoelectric wind gen;ragor is quite a differen£
technique to produce this electricity,

If a pieioelgctric polymer is set into oscillation
by means of wind; the-strpin in the polymer creatgs'a
Voltage'and since the polymer is oécillatipg the vqltage
output will be alternating., Suitable means of setti;g
these polymers into oscillation are developed through
three different types of gemnerators., They are named
lateral Ie;f rotor, Savonius rotor, -and oécillating leaf.,
Their engineering aspects are dealt with méinly in the
Theory and Procedure sections, |

The reason for the design of the iateral leaf rotor
is to.have as large a rotor as possible consistént with
the requirement of 60 Hz blade oscillation freqpency'so
that its 60 Hz power output can be fed into the utility
line. |

The Sa;onius (S—cross—séction) vertical axis rotor
ha; a low tip speed ratio, but its design shape is vary
suitable for oscillating blades. This has a flexible '
blade root made of PVF, attached té a central rod which

holds the entire éssembly together.




For both of these designs the output current from
the rotor is taken out through the rotor bearings and fed
into a resistor as a test ioad, with an oscilloscope
measuring the voltgge created due to the strain in.the
bimorph blade.

The oscillating léaf generator sets a PVFz bimorph
blade into oscillating bendipg motion, thereby creating
an ac voltage. A cantilever mounted %hin spring steel bar
has a PVF2 blade mounted on the free end. That puts the
entire system into oscillation if bar and blade have the
same resonan# frequency. The blade consists of two sheets
of the piezoelectric polymer PVF2 glued back-to—back onto
an inert plastic central layer. The bending alternatély
causes one PVF, sheet to be in tension and the other one
in compressiﬁn, producing a net electric field iﬁ the
same direction in both ;heets for one half cycle, while

both fields réverse in the next half cycle,
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circuit,

Let's consider that there-is a'single cfystal with
the dipoles of the unit cells aligned as shown in figure
4. In appiying an electric field as exhibited, the
crystal lengthens beciuse the ions are attracted to the
pole plates. If an AC voltage 1is apflied, the crystal
expands.and contracts in oscillation, sending out a-wave
into the surrounding medium, whether air or water, If we
apply ; mechanical force, the ;hérges'shown'above'build
up on fhe surface, creating a vbltgge which dieS“off
exponen@ially when the force is removed. One of the most
responsiv& piezoelectric polymers is poly(vinylidene
'-fluoride), PVFz, with tye chemical formula (CHZ—CFZ)n°

A few words ‘on th; chemical composition of,PVFi
woulcilpfoba1>1y be useful in undeiéstandixlg the
piezoelectricity of this material., Macromolecular chains
have many eleméntary repeat?ng unit cells, calied
monomers, that a;e linked chemically during
polymerization. These monomexrs have polar chemical
groﬁps. To obtain good pieioelectric polymers, théir
cénstitﬁénts should not be so big that they frevent
crystallization-of the maqromoleculés or make theq have
helical shapes which produce interﬁal'gathe?ing of
polarization., These macfopolecules.should'also be

chemically stable and not cross—linkéd into infusible and
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