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Abstract

t]3Z 82 HEE v3 A 0}%u v3 }(8Z § Zv}olP&%JA @A vuev A( “ou SEE]
u Z]v «_U h&agbe&en a changa the direction of the current research toward the harvesting

of energy produced from renewable sources, and gadgets that can beasseehsors actuators and

monitors. The Flexoelectric effect is available for help, bseat can change the mechanical energy

to electrical (direct effect) or the electrical to mecheatli (converse effect).

This effect is hidden in the crystallinity of the dielectrdsch are also known as insulators, an
enormous number of materials, and has to do with the location of thegm®tn the crystal lattice.
When the strain is non-uniformed, the some protons come closer to edwT whereas some other

} v [ &ndl this produced a polarization, which can produce electric currentndlibg load is
capable of producing a non-uniformed strain, and that is why thecéfs named after the bending
(flex).

The benefits of the effect are incredible. From an electnigigiew, the effect is similar to
piezoelectricity, and so, a lot of application can take advantdge such as lighter, watches, and
sonars. Also this effect could benefit machines relevant to the humawvement, or even in
construction, with earthquake insulator or not (smart building).

The aim of this thesis is to provide proof that the effect exists] then to try and optimize it, so
that the electrical signal can be shown. To show how muchlaaretfect benefit a construction, like
fixing material or building material. In that case, it shoulckhewn that the reinforce concreter is
an insulator, and thus a flexoelectric material. Finally, tgpre the ground for a more detailed
analysis of the effect, with better machinery.

The purpose is to raise interest, and create excitementiHisrworthy effect, and thus more
detailed studies to occur.

Keywords

Flexoelectricity, flexoelectric materials, flexoelectouilding materials, structure analysis based of
the flexoelectric effect, experimental flexoelectricitysustural applications of the flexoelectricity,
flexoelectric layer effect, flexoelectric lines of influengeometrician manipulation for increasing
the strain gradient.
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TEST Kynar®
PROPERTY UNITS METHOD 740 PVDF
MECHANICAL
Tensile Strength. yield psi ASTM D 638 7.000
Ultimate Tensile Strength psi ASTM D 638 6.100
Tensile Elongation, break % ASTM D 638 50-250
Tensile Modulus psi ASTM D 638 250.000
Flexural Modulus psi ASTM D 790 260.000
Hardness. Shore D - ASTM D 2240 78
Abrasion Resistance mg/1000 cycles Taber CS 1 kg 5-10
Tear Strength. propagation g/mil ASTM D 1922 100
Refiactive Index - ASTM D 542 1.42
IMPACT
Izod Impact. notched ft-1b/in ASTM D 256 2.0-4.0
Charpy Impact ft-1b/in ISO 179 8.2
THERMAL
VICAT Softening Point . & ASTM D 1525 170
Crystalline Melting Point °C ASTM D 3418 170
Continuous Use Temperature °C DSC 150
Thermal Conductivity W/m°K ASTM C 177 0.19
Relative Thermal Index. Electrical Strength °C UL 746B 50
Relative Thermal Index, Mechanical Impact °C UL 746B 50
Relative Thermal Index. Mechanical Strength °C UL 746B 50
Coefficient of Thermal Expansion i ASTM D 696 6.6x10°
Low Temperature Brittleness Point € ASTM D 746A 0-10
PHYSICAL
Specific Gravity ASTM D 792 1.78
Area Factor in?/Ib/mil - 15,326
Water Absorption. 24 lus @73°F % ASTM D 570 0.03
ELECTRICAL
Dielectric Strength. in air @ .003” V/mil ASTM D 149 1.900
Dielectric Constant. 1kHz - ASTM D 150 7.5-9.0
Dissipation Factor, 1kHz --- ASTM D 150 0.01-0.03
Surface Resistivity ohms/square ASTM D 257 2 x.10"
Volume Resistivity ohm-cm ASTM D 257 2x 10"
IGNITION CHARACTERISTICS
Flame Class Rating - UL 94 VIM-0
Oxygen Index (LOI) % ASTM D 2863 43
UL File Number - - E54699
MISCELLANEOUS
Color Translucent White
Resistance to UV Radiation Excellent
Permeability to gases Low
Chemical Resistance to strong acids Excellent
Crystallinity Rating semi-crystalline
Polymer Type Homopolymer
Thickness tolerances +/- 10% of nominal thickness

Figure 4. Hr —r@Erfe{Eeseefs *% e Ws & <%o* <E%o...{}HA|fC...x Jk%Bo &TiXe0=EEZ %o <ETrfrz
tEE€sfxore Werlyee .SZU ver h }JAvo} i r<S effiXeoe%oex, EWr «{Z XereEEr
«https://catalog.cshyde.com/Asset/Data%20Sheet%2032-F.doc»
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TABLE II. Piezoelectric properties of P(VDF/TrFE) and PVDF.

This work Nix and Ward® Tashiro e al.®

P(VDF/TrFE)(75/25) PVDF295 K PVDF
10K 295 K 295K
d constant  d3; 0.6 7 16.5 —-0.25
(pC/N) o 6 12 1.5 —4.05
dy  —17 —38 —33 —252
day =23 —50 —38.3 —4.28
dis. =21 =31 —15.7 —30.7
e constant ey 45°¢ 140° —130
(mC/m?)  es 37 72 —145
e —170 —185 —276
ey —104 —128 -9
e;s  —103 —73 —135

Figure 4 5« f SrikiSw { ... %o * €.x. %« " Wemperature dependence
of elastic, dielectric, and piezoelectric properties of "singietalline”
films of vinylidene fluoride trifluoroethylene copolymer™ t'Kenji
Omote et. al." (tablel)
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Table 1 Summary of the piezoelectric energy harvesters

Items cantilever beam Trunk-shaped beam
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Table 2 4, of different materials at room temperature by experimental measurement and atomistic estimation.

Materials Dielectric constant #12 (pC/m) Experimental p12 (C/m) Ab initio
PMN [7] 11,720 3.4

PZT [10] 2130 1.4

BST [8] 13,200 76.5

BTS [12] 15,000 53

BT [11,15] 2300 9 5.5% 1073

SiTiO; single crystal [14,15] 300 6.1 x 10~ 2 at [001] 3.7x1073

SiTiO; ceramics [16] 1074

Simple dielectrics [2] 5 ~10~4
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4%0...ofs L,xT%{,xXfeE*fs I,*fs OX EX*@Er...reef| derwefre€r
ME|s+2%Z GX >tee%otE€e{Z
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4%0...ofs L,xT%{,xXfeE*fs I,*fs
ME|s+2%Z GX >tee%otE€e{Z
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4%0...ofs L,xT%{,xXfeE*fs I,*fs OX EX*@Er...reef| derwefre€r
ME|s+2%Z GX >tee%otE€e{Z
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4%0...ofs L,xT%{,xXfeE*fs I,*fs OX EX*@Er...reef| derwefre€r
ME|s+2%Z GX >tee%otE€e{Z

Figurel0. H%o W %o f€...°%0 ...xes o{T }ETr‘+{X

261



4%0...ofs L,xT%{,xXfeE*fs I,*fs OX EX*@Er...reef| derwefre€r
ME|s+2%Z GX >tee%otE€e{Z
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4%0...ofs L,xT%{,xXfeE*fs I,*fs OX EX*@Er...reef| derwefre€r
ME|s+2%Z GX >tee%otE€e{Z
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4%0...ofs L,xT%{,xXfeE*fs I,*fs OX EX*@Er...reef| derwefre€r
ME|s+2%Z GX >tee%otE€e{Z
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4%0...ofs L,xT%{,xXfeE*fs I,*fs OX EX*@Er...reef| derwefre€r
ME|s+2%Z GX >tee%otE€e{Z
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4%0...ofs L,xT%{,xXfeE*fs I,*fs OX EX*@Er...reef| derwefre€r
ME|s+2%Z GX >tee%otE€e{Z
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4%0...ofs L,xT%{,xXfeE*fs I,*fs OX EX*@Er...reef| derwefre€r
ME|s+2%Z GX >tee%otE€e{Z
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4%0...ofs L,xT%{,xXfeE*fs I,*fs OX EX*@Er...reef| derwefre€r
ME|s+2%Z GX >tee%otE€e{Z
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4%0...ofs L,xT%{,xXfeE*fs I,*fs OX ExXe@Er..reef| derwefre€r
ME|**%Z GX >tee%hotEe{Z

2.
2. Beam with triangular holes
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4%0...ofs L,xT%{,xXfeE*fs I,*fs OX EX*@Er...reef| derwefre€r
ME|s+2%Z GX >tee%otE€e{Z
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4%0...ofs L,xT%{,XfeE*fs I,*fs OX ExXe@Er..reef| derwefre€r
ME|**%Z GX >tee%hotEe{Z
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4%0...ofs L,xT%{,xXfeE*fs I,*fs OX EX*@Er...reef| derwefre€r
ME|s+2%Z GX >tee%otE€e{Z
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4%0...ofs L,xT%{,XfeE*fs I,*fs

OX ExXe@Er..reef| derwefre€r
ME|**%Z GX >tee%hotEe{Z
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4%0...ofs L,xT%{,xXfeE*fs I,*fs OX EX*@Er...reef| derwefre€r
ME|s+2%Z GX >tee%otE€e{Z
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4%0...ofs L,xT%{,xXfeE*fs I,*fs OX EX*@Er...reef| derwefre€r
ME|s+2%Z GX >tee%otE€e{Z
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4%0...ofs L,xT%{,xXfeE*fs I,*fs OX EX*@Er...reef| derwefre€r
ME|s+2%Z GX >tee%otE€e{Z
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4%0...ofs L,xT%{,xXfeE*fs I,*fs OX EX*@Er...reef| derwefre€r
ME|s+2%Z GX >tee%otE€e{Z
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4%0..ofs L,XxT%{,XxfeEsfs I,*fs 60X H% SEr...r
MCE"'%OZ GX >T"%ot€'{z
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4%0..ofs L,XxT%{,XxfeEsfs I,*fs 88X 5¢€,%0 V% Z
MCE"'%OZ GX >T"%ot€'{z
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4%0...ofs L,xT%{ ., XfeEsfs I,*fs fIX 2e¢t,e% VEr"€r
MCE"'%OZ GX >T"%ot€'{z
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