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CHAPTER 
1

PROBLEM OF CLIMATE 
CHANGE ON OUR PLANET
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1.1.

CONTINUOUS INCREASE 
OF GLOBAL ENERGY 

DEMAND
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The DEMOGRAPHIC EVOLUTION on our planet, from the appearance of man until 1750, it is 
characterized by a very slow demographic growth. But, from 1750 to the present, it has been 
characterized by great demographic expansion, caused an agricultural, industrial and 
technological revolution, which has caused among other things the increase in life expectancy.

Then, in 1950 our planet had an approximate population of 2.500 million people, now in 2016 are 
around 7.300 million and according to the UN report, the forecasts are to reach 8.500 million in 2030, 
9.500 million in 2050, and be above 11.000 million people on our planet in 2100.

YEAR
WORLD 

POLPULATION 
(Millions)

1750 800
1800 1.000
1850 1.250
1900 1.750
1950 2.500
2016 7.300

2030   (***) 8.500
2050   (***) 9.500
2100   (***) 11.000

(***)   UN Estimation.
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This increase in population growth together with technological advances, causing a huge and 
CONTINUOUS INCREASE IN GLOBAL DEMAND FOR ENERGY. We can see below a forecast 
made by the World Energy Council (WEC), where we can see that by about 2100, global energy 
consumption will almost triple from the current value: (Toe = Ton of Oil Equivalent) 

And this is one of the most important problems that currently exist, which causes:

- Deficit of energy sources
- Use of polluting energy sources
- Impacts on climate changes
- Diseases
- Reduction in life expectancy
- Poverty
- Hungry
- Wars for control of energy sources.

YEAR
WORLD ENERGY 
CONSUMPTION

(GToe/year)

1960 4,9
1980 7,2
2000 9,9

2016   (***) 11,9
2040   (***) 16,8
2060   (***) 20,1
2080   (***) 25,0
2100   (***) 32,6

(***)   WEC Estimation.
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1.2.

CLIMATE CHANGES: 
VITAL SIGNS OF THE 

PLANET
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As NASA explains in its report: "Global Climate Changes: Vital Signs of the Planet“, the Earth's 
climate has changed throughout history. Just in the last 650,000 years there have been 7 cycles of 
glacial advance and retreat, with the abrupt end of the last ice age about 7.000 years ago marking the 
beginning of the modern climate era. Most of these climate changes are attributed to very small 
variations in Earth’s orbit that change the amount of solar energy our planet receives.

The current warming trend is of particular significance because most of it is very likely human-
induced and proceeding at a rate that is unprecedented in the past 1.300 years. In the following 
graph, based on the comparison of atmospheric samples contained in ice cores and more recent 
direct measurements, provides evidence that atmospheric CO2 has increased since the Industrial 
Revolution.
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Earth-orbiting satellites and other technological advances have enabled scientists to see the big 
picture, collecting many different types of information about our planet and its climate on a global 
scale. This body of data, collected over many years, reveals the signals of a changing climate. 

The evidence for rapid climate change is convincing:

- Sea level rise.- Global sea level rose about 170 mm in the last century. The speed in the 
last decade, however, is almost double that of the last century.
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- Global temperature rise.- The Earth has warmed since 1880, although most of this warming 
has occurred since the 1970s.It is important to note that the 10 warmest years have occurred 
in the last 12 years.

This is causing that the ice mass reduction in glaciers around the world (including in the Alps, 
Himalayas, Andes, Rockies, Alaska and Africa) and that the amount of snow in the Northern 
Hemisphere has decreased over the past five decades and that the snow is melting earlier. The 
oceans have absorbed much of this increase heat, and this has caused the reduction of the ice 
mass in the Antarctic, Arctic and Greenland.
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- Extreme events.- And all this is causing, more and more extreme weather effects,
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1.3.

ONE OF THE GREATEST 
POLLUTERS: THE 

TRANSPORT
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One of the greatest polluters is the transport, whether by road, sea or air, because they use 
fossil fuels.

It has begun the change to the hybrid vehicle that combine an electric motor with a combustion 
engine. When a battery in a hybrid vehicle is exhausted, or additional power is needed for 
acceleration, or when a longer journey has to be made, a fuel engine is also required to continue 
circulating.

The objective is to make transportation with electric vehicles, but, although electric vehicles are 
becoming more popular, they suffer from a limited autonomy and his batteries should be 
recharged frequently, and this is an insuperable wall until today for society to accepts it 
definitely. 
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As a result, to solve the problem of recharging, and be able to introduce electric vehicles in society, 
the existing inertia in the market, and consequently the big Companies and the Research and 
Development Centers worldwide are spending huge amounts of resources, both economic 
and human, in trying to improve two important aspects of batteries:

- One, develop batteries with high energy density in order to increase the vehicle 
driving autonomy.

- Two, develop batteries to reduce the battery charge time.

Other alternatives are also replace an exhausted battery with another charged one, or replace 
the electrolyte by other fully charged electrolyte. 

In any case, and although these objectives are achieved, a great number of disadvantages are 
derived:

- They still provide very limited driving autonomy.
- Batteries need to be recharged frequently.
- Battery charging times are long.
- Very large infrastructure investment is required.
- As well as problems related to saturation of electricity grids.
- And therefore a need for increasing the number of electricity grids.
- As a result we arrive again at the energy deficit with all the problems that we 

have  mentioned above.
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CHAPTER 
2

OBJECTIVE:
FIND NEW ENERGY 

SOURCES

17



Then, as a result it seems clear that the objective is very important and urgent focus significant 
efforts in research and development around the world, before reaching the line of no return, to 
FIND NEW ENERGY SOURCES with the following characteristics:

- Unlimited.
- Present geographically anywhere in the world.
- Reduced cost.
- Environmentally friendly.
- Able to replace polluting energy sources that exist.
- Able also to avoid fossil fuel consumption for transportation 

and pass definitely to electric vehicles.
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In the presentation we have listed the following problems:

- Increase of energy demand in the world
- Climate change: Caused by polluting energy sources



This has attracted considerably the attention in recent years, and alternatives to polluting energy 
sources have been proposed such as renewable and sustainable energy sources. As 
hydraulic, eolic or solar energy. 

19

But they have some important limitations:

- They do not provide enough energy for such an increase in global demand of energy.

- Hydraulic or eolic power plants need large forces of the nature for generating power, 
because in order to move the turbines, large forces provided by the wind or by falling water 
are needed. This involves geographical limitations and consequently these generation plants 
can not deliver power in all parts of the Planet. 

- In the same way solar power plants, require large areas and clearly has also geographical 
limitations.



But imagine that it would suppose transform efficiently and environmentally friendly all dynamic 
forces around us, no matter how small, to electrical energy.

Imagine further, that the means of transformation of these dynamic loads to electrical energy, born 
from a huge number of different raw materials existing in nature. 

And finally imagine that the dynamic forces of which we speak are the proper forces of nature 
due to the interaction between all materials, the gravity and climatic effects.

Practically, this would mean that:

THIS COULD SOLVE THE PROBLEMS MENTIONED OF 
GLOBAL ENERGY DEMAND AND POLLUTION ...

… AND IN LARGE MEASURE HELP TO AVOID THE 
CLIMATE CHANGE AND HELP TO SAVE OUR PLANET.

- WE COULD HAVE UNLIMITED ENERGY.
- WITH A LOW TRANSFORMATION COST.
- AND GEOGRAPHICALLY AVAILABLE AROUND THE WORLD.
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CHAPTER 
3

OUR CONTRIBUTION:
NEW PIEZOELECTRIC GENERATOR 

SYSTEM
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3.1.

PIEZOELECTRICITY:
MATERIALS AND 

PIEZOELECTRIC EFFECT
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The phenomenon was first discovered in 1880 when Pierre and Jacques Curie demonstrated that 
when specially prepared crystals (such as quartz, topaz and Rochelle salt) were subjected to 
a mechanical stress they could measure a surface charge. 

A year later, Gabriel Lippmann deduced from thermodynamics that they would also exhibit a 
strain in an applied electric field.

The Curies later experimentally confirmed this effect and provided proof of the linear and 
reversible nature of piezoelectricity

The piezoelectric effect refers to a change in electric polarization that is produced in certain 
materials (such as crystals, certain ceramics, and biological matter such as bone, DNA and various 
proteins) when they are subjected to mechanical stresses. They will also work in reverse, 
generating a strain by the application of an electric field. 
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The availability of piezoelectric materials as raw materials is enormous:

- Naturally occurring crystals.- On the one hand, of the 32 types of crystals that exist in nature, 
21 have piezoelectric capacity naturally (as Quartz, tourmaline or Rochelle salts), and another 
group of 10 crystals have piezoelectric properties after being subjected to a polarization process.

- Other natural materials.- Biological materials exhibiting piezoelectric properties (Tendon, Silk, 
Enamel, Dentin, DNA, Dry bone, Viral proteins, including those from bacteriophage)

- Synthetic crystals.- Langasite (La3Ga5SiO14) and Gallium orthophosphate (GaPO4) that are 
quartz-analogous crystals, Lithium Niobate (LiNbO3) or Lithium Tantalate (LiTaO3)

- Synthetic ceramics.- Barium Titanate (BaTiO3), Lead Zirconate Titanate more commonly known 
as PZT, ( This is the most common piezoelectric ceramic in use today), Potassium Niobate, 
Sodium tungstate, 

- Lead-free piezo ceramics.- Sodium Potassium Niobate, Bismuth Ferrite, Sodium Niobate, 
Bismuth Titanate, Sodium Bismuth Titanate

- Group III–V and II–VI semiconductors

- Polymers.- Polyvinylidene Fuoride (PVDF)

- Organic nanostructures



3.2.

PIEZOELECTRIC BASIC 
PRINCIPELS:

VOLTAGE AND INTENSITY
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VOLTAGE GENERATED:

The voltage generated by the piezoelectric element is proportional to the pressure applied:

Wherein

- g33 is a piezoelectric voltage constant in millivolts per meter/Newton corresponding to a ratio 
of a potential difference generated (in volts) to force F applied (in Newton) for a 1-meter-long 
piezoelectric element;

- h is the thickness or height of the piezoelectric element; and

- P is a pressure applied on the piezoelectric element; since the pressure P is the force F 
applied perpendicular to a surface of the piezoelectric element per area A over which that 
force is F distributed, that is, P = F/A, then:
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To explain clearly, we will give a practical example. We propose in this case, a cylindrical 
piezoelectric element, with the following possible dimensions:

We consider values of piezoelectric constant voltage means (typical values between 0.010 
Vm/N and 0.060 Vm/N):

Finally, we consider different application forces (F) on the piezoelectric element:

We will apply the formula, considering the shape of the piezoelectric element and the parameters 
described:

D = 1,5 mm = 0,0015 m
D = 2 mm = 0,002 m
D = 4 mm = 0,004 m 

h = 2,5 mm = 0,0025 m
h = 5 mm = 0,005 m
h = 10 mm = 0,01 m
h = 15 mm = 0,015 m 

g33 = 0,040 Vm/N
g33 = 0,050 Vm/N
g33 = 0,060 Vm/N

F = 1 N F = 4 N
F = 2 N F = 5 N
F = 3 N F = 6 N



g33
(Vm / N)

h
grosor 

(m) 

D
Diámetro 

(m)

Tensión 
generada

F = 1N
(V)

Tensión 
generada

 F = 2N
(V)

Tensión 
generada

F = 3N
(V)

Tensión 
generada

F = 4N
(V)

Tensión 
generada

F = 5N
(V)

Tensión 
generada

F = 6N
(V)

Configuración 1 0,0025 56,59 113,18 169,76 226,35 282,94 339,53
Configuración 2 0,005 113,18 226,35 339,53 452,71 565,88 679,06
Configuración 3 0,01 226,35 452,71 679,06 905,41 1.131,77 1.358,12
Configuración 4 0,015 339,53 679,06 1.018,59 1.358,12 1.697,65 2.037,18
Configuración 5 0,0025 70,74 141,47 212,21 282,94 353,68 424,41
Configuración 6 0,005 141,47 282,94 424,41 565,88 707,35 848,82
Configuración 7 0,01 282,94 565,88 848,82 1.131,77 1.414,71 1.697,65
Configuración 8 0,015 424,41 848,82 1.273,24 1.697,65 2.122,06 2.546,47
Configuración 9 0,0025 84,88 169,76 254,65 339,53 424,41 509,29

Configuración 10 0,005 169,76 339,53 509,29 679,06 848,82 1.018,59
Configuración 11 0,01 339,53 679,06 1.018,59 1.358,12 1.697,65 2.037,18
Configuración 12 0,015 509,29 1.018,59 1.527,88 2.037,18 2.546,47 3.055,77
Configuración 13 0,0025 31,83 63,66 95,49 127,32 159,15 190,99
Configuración 14 0,005 63,66 127,32 190,99 254,65 318,31 381,97
Configuración 15 0,01 127,32 254,65 381,97 509,29 636,62 763,94
Configuración 16 0,015 190,99 381,97 572,96 763,94 954,93 1.145,91
Configuración 17 0,0025 39,79 79,58 119,37 159,15 198,94 238,73
Configuración 18 0,005 79,58 159,15 238,73 318,31 397,89 477,46
Configuración 19 0,01 159,15 318,31 477,46 636,62 795,77 954,93
Configuración 20 0,015 238,73 477,46 716,20 954,93 1.193,66 1.432,39
Configuración 21 0,0025 47,75 95,49 143,24 190,99 238,73 286,48
Configuración 22 0,005 95,49 190,99 286,48 381,97 477,46 572,96
Configuración 23 0,01 190,99 381,97 572,96 763,94 954,93 1.145,91
Configuración 24 0,015 286,48 572,96 859,43 1.145,91 1.432,39 1.718,87
Configuración 25 0,0025 7,96 15,92 23,87 31,83 39,79 47,75
Configuración 26 0,005 15,92 31,83 47,75 63,66 79,58 95,49
Configuración 27 0,01 31,83 63,66 95,49 127,32 159,15 190,99
Configuración 28 0,015 47,75 95,49 143,24 190,99 238,73 286,48
Configuración 29 0,0025 9,95 19,89 29,84 39,79 49,74 59,68
Configuración 30 0,005 19,89 39,79 59,68 79,58 99,47 119,37
Configuración 31 0,01 39,79 79,58 119,37 159,15 198,94 238,73
Configuración 32 0,015 59,68 119,37 179,05 238,73 298,41 358,10
Configuración 33 0,0025 11,94 23,87 35,81 47,75 59,68 71,62
Configuración 34 0,005 23,87 47,75 71,62 95,49 119,37 143,24
Configuración 35 0,01 47,75 95,49 143,24 190,99 238,73 286,48
Configuración 36 0,015 71,62 143,24 214,86 286,48 358,10 429,72

0,04

0,0040,05

0,06

0,04

0,00150,05

0,06

0,04

0,0020,05

0,06

28

We obtain the
following table:

The maximum value (3.055,77 v) is 
achieved with greatest force (6N) 
on the piezoelectric with the 
smallest area (D = 1,5 mm), with 
greatest thickness (h = 15 mm), and 
with the highest piezoelectric 
constant (g33 = 0.060 Vm / N).

The minimum value (7,96 v) is 
achieved with lowest force (1N) 
on the piezoelectric with the 
largest area (D = 4 mm), with 
smallest thickness (h = 2.5 mm) 
and the lowest piezoelectric 
constant (g33 = 0.040 Vm / N).
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In the same way, by controlling the speed at which the force is applied in an piezoelectric 
element, the current Iout can be controlled since current I depends on the variation of electric 
charge (dQ) over time (ds):

As a result, we will have greater intensity if we apply a force very quickly as a thud, that if we 
applied the same force slowly and progressively.

CONCLUSION:

- Selecting a type of piezoelectric material, which has a piezoelectric constant defined.
- Defining the shape and dimensions of the piezoelectric element on which the force is applied.
- Controlling the magnitude of the force applied.
- And controlling the speed at which this force is applied.

IT IS POSSIBLE TO CONTROL THE OUTPUT VOLTAGE AND THE OUTPUT 
CURRENT OF A PIEZOELECTRIC ELEMENT.



3.3.

BACKGROUND
(PRIOR ART DOCUMENTS)

Until today all the harvesting systems applications around the world says that 
piezoelectric material can generate very small amounts of energy

30
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The piezoelectric effect is currently used in many applications such as for example electric 
generators. 

In general, in the prior art the known piezoelectric generators can be classified into 2 types:

- A first group of piezoelectric generators are equipped with piezoelectric elements arranged in 
SHEETS SUPERPOSED one above the other. 

The main disadvantage in the first group of piezoelectric generators is that the output current 
generated in a piezoelectric element is small due to the stacked arrangement that results in that 
the force acting initially on the stack of piezoelectric elements only affects the piezoelectric elements 
in the outer layers of the stack and said force is gradually transmitted to the inner layers of the stack.

JP2005162082 7936113B2 5570286 WO2010032622A1WO2006047926
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- A second group of piezoelectric generators includes PIEZOELECTRIC BARS such as for 
example those described in BE881528A1, US8143766 or FR2619765.

The main disadvantage in the second group of piezoelectric generators is that the due to the use of 
piezoelectric bars, the force applied results in the torsion of the bars resulting in that force increases 
gradually and therefore current that is generated by the set piezoelectric elements is 
undesirably low.

8143766B2

BE881528A1
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CONCLUSIONS:

- In the prior art, the force applied is gradually transmitted, then the output current 
generated by the piezoelectric element is small.

- In the prior art, there is no system that perform a precise control about the amount of 
force applied to the piezoelectric elements and the speed of application of this force. Then, 
there is no control over the piezoelectric output voltage and output current.

Piezoelectric 
Generators with 

sheets superposed

Piezoelectric 
Generators with 

Piezoelectric Bars

NO CONTROL ABOUT:

- Amount of force applied.
- Speed of application of this force 

NO CONTROL ABOUT:

- Piezoelectric elements Output voltage
- Piezoelectric elements Output current 
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- In prior art, as there is no control of these parameters, then it is not possible a parallel 
connection between the different piezoelectric elements, because the parallel connection is 
possible only when they have the same output voltage of the piezoelectric elements, then can 
not increase the output current, because can not be connected in parallel. 

NO CONTROL 
ABOUT 

PIEZOELECTRIC 
ELEMENTS 

OUTPUT 
VOLTAGE

NO POSSIBLE 
INCREASE THE 

OUTPUT CURRENT 
OF 

PIEZOELECTRIC 
GENERATOR

NO POSSIBLE 
PARALLEL 

CONNECTION

- Being only possible serial connection between the piezoelectric elements, can increase 
the output voltage connecting in series different piezoelectric elements, but in order to 
obtaining high voltage output the force acting on the piezoelectric elements should be 
high, and then with high risk of damage.

POSSIBLE 
INCREASE THE 

OUTPUT VOLTAGE 
OF 

PIEZOELECTRIC 
GENERATOR

POSSIBLE 
SERIAL 

CONNECTION

WITH ELEVATE 
FORCE 

HIGH RISK OF 
DAMAGE THE 

PIEZOELECTRIC 
ELEMENT

And as a result, PRIOR ART PIEZOELECTRIC GENERATORS CAN NOT 
GENERATE HIGH VOLTAGE AND HIGH CURRENT, AND THEN CAN ONLY 

BE USED AS AN ADDITIONAL ENERGY SOURCE.



3.4.
COMPARISON BETWEEN 

OUR DISRUPTIVE PIEZOELECTRIC 
GENERATOR CONCEPT

Vs
PREVIOUS PIEZOELECTRIC HARVESTING 

SYSTEMS

(Our system generates thousands of times the amount of energy that the previous 
systems generated with the same amount of the same material applying the same force)
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When it is said that our system can generate significant amounts of energy with piezoelectric material, 
THE INTERLOCUTORS ARE SKEPTICAL because until today in the thousands of existing applications 
around the world, the experience says that piezoelectric material can generate very small amounts of 
energy, practically the energy generated was negligible.

Until now all applications developed have used piezoelectric sheets of very small thickness and 
large  force application area and this configuration generates the very small amount of energy that everyone 
relates to piezoelectric materials.

But the configuration of our patented system has a very important difference with respect to all the 
previous ones, since it does not use sheets of very small thickness and a large force application are, but its 
configuration has a completely opposite concept, that is to say, cylindrical piezoelectric elements with 
the smallest possible diameter, or in other words, the smallest force application area and the greatest 
thickness or length of the cylinder.

HOW WOULD BE THE 
APPLICATION THAT WE HAVE 

TESTED WITH CYLINDRIC 
CONFIGURATION IN THE OLD 

SHEET CONFIGURATION 

(On the next page we will make 
the comparison of the energy 
generated applying the same 

force)
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OLD PIEZOELECTRIC SHEETS

0,04975 Vm/N x ( 0,00015 m x (23,54 N / (0,0094 m x 0,010 m ))) = 1,87 V

I = 4,8 mA
P = V x I = 1,87 V x 4,8 mA = 1,87 V x 0,0048 A = 0,00901 W

NEW CYLINDRICAL PIEZOELECTRIC ELEMENTS

0,04975 Vm/N x ( 0,008 m x (23,54 N / (3,1416 x 0,00075 m x 0,00075 m ))) = 5303 V

I = 4,8 mA
P = V x I = 5303 V x 4,8 mA = 5303 V x 0,0048 A = 25,45 W

COMPARISON PIEZOELECTRIC TECHNOLOGY PRIOR TO OUR PATENT (SHEET 
CONFIGURATION) Vs PATENTED TECHNOLOGY (CYLINDRICAL 

CONFIGURATION)

YOU CAN SEE THIS VALUES IN THE DIFERENT VIDEOS  OF 
OSCILLOSCOPE MEASUREMENTS IN THE NEXT CHAPTER

5.5. EMPIRICAL DEMOSTRATION OF THE TECHNOLOGY 
CONCEPT of this presentation
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This HUGE IMPROVEMENT OF EFFICIENCY can be quickly explained considering:

1.- THE SMALLER FORCE APPLICATION AREA, THE GREATER WILL BE THE VOLTAGE:
- OLD Piezoelectric Sheet Area = 10 mm x 9,4 mm = 94 mm2
- NEW Cylindrical Piezoelectric element Area = P x (1,5 mm /2)^2 = 3,1416 x 0,75 mm x 0,75 mm) = 1,77 mm2

1st Voltage multiplier factor = 94 mm2 / 1,77 mm2 = 53,2

2.- THE GREATER THICKNESS,THE GREATER WILL BE THE VOLTAGE
- OLD Piezoelectric Sheet  thickness = 0,15 mm
- NEW Cylindrical Piezoelectric element thickness = 8 mm

2nd Voltage multiplier factor = 8 mm / 0,15 mm = 53,3

TOTAL VOLTAGE FACTOR = 1st  factor x 2nd Factor = 53,1 x 53,3 = 2836 

THE SAME QUANTITY OF PZT PIEZOELECTRIC MATERIAL 14,1 mm3 
WITH THE SAME CONSTANT g33 = 0,04975 Vm/N,

APPLIYING THE SAME FORCE OF 23,54 N  AT THE SAME SPEED
OUR CYLINDRICAL CONFIGURATION  IS

2836 TIMES MORE EFFICIENT
THAN THE PREVIOUS SHEET TECHNOLOGY CONFIGURATION THAT EVERYONE KNOWS !!!

IT IS DEMOSTRATED IN THE EMPIRICAL TECHNOLOGY CONCEPT PROOF      (see videos)
THAT 

AN ENERGY OF 25.45 W peak (5.3 KV and 4,8 mA) 
CAN BE GENERATED BY A FORCE OF 2,4 Kg

SOMETHING IMPOSSIBLE TO CONCEIVE IN THE 
PIEZOELECTRICTECHNOLOGY BEFORE OUR PATENT !!!



3.5.
EMPIRICAL DEMONSTRATION

OF THE 
TECHNOLOGY CONCEPT

Laboratory Tests that demonstrate the calculations of the patent, which was 
proposed by an important Technology Center and carried out on February 20, 

2020 in the University’s laboratories with the collaboration of PhDs in 
engineering who are professors of Industrial Electronics.
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PIEZOELECTRIC ELEMENT
3 Cylindrical piezoelectric elements of PZT material:

- Diameter 1.5 mm
- Thickness 8 mm

APPLIED FORCE
F= 2,4 Kg = 23,54 N

Applied Force.mp4
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ELECTRIC ARC
The voltage can be measured approximately indirectly considering the concept of dielectric strength.

According to the tables that can be found in the attached links, the dielectric strength of the air can go from 0.4 to 
3.0 kV / mm (3.0 kV / mm can be reached at sea level).

https://images.app.goo.gl/sVmGJYJtmC9MNrF86
https://es.m.wikipedia.org/wiki/Chispa_el%C3%A9ctrica
https://es.m.wikipedia.org/wiki/Rigidez_diel%C3%A9ctrica

Considering that in the 3 different piezoelectric elements that have been tested in this technology concept proof, 
the arc jumps when there is a separation of about 5 mm, it would indicate that we are between 2 kV and 15 kV.

Electric Arc.mp4
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ASSEMBLY FOR TESTING

VOLTAGE DIVIDER
VOUT = VIN x ( R2 / (R1 + R2 )) 
VOUT = VIN  x ( 1,1 / (2,2 + 1,1 ))
VOUT = VIN x 0,33

VIN = VOUT / 0,33
IIN = VOUT / R2
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VIDEOS OF THE RESULTS
Oscilloscope Parameters: 500 V / Div

1 us / Div

RESULTS:

VOUT = 1.750 V

VIN = VOUT / 0,33 = 1.750 V / 0,33 = 5.303 V

IIN = VOUT / R2 = 5.303 V / 1,1 MOhms = 5.303 V / 1.100.000 Ohms = 0,0048 A = 4,8 mA

OSCILLOSCOPE TEST 1.mp4 OSCILLOSCOPE TEST 2.mp4 OSCILLOSCOPE TEST 3.mp4
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G33 TRANSFORMATION CONSTANT OF 
THE PIEZOELECTRIC ELEMENT
3 Cylindrical piezoelectric elements of PZT material:

- Diameter 1.5 mm
- Thickness 8 mm 

Applied Force F= 2, 4 Kg = 23,54 N

VIN = g33 x h x (F/A)

g33 = VIN / (h x (F/A))
g33 = 5303 /(0,008 x (23,544 / (3,1416 x 0,00075 x 0,00075)) = 0,04975 Vm/N

g33 = 0,04975 Vm/N
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RESULTS
Concept proof for demonstration of the technology:

1.- 3 Cylindrical piezoelectric elements of PZT material:
- Diameter 1.5 mm
- Thickness 8 mm
- G33 = 0,04975 Vm / N

2.- Applied force F = 2, 4 Kg = 23,54 N

3.- It is possible to see in the 3 demonstrative videos of the 3 proofs of concept carried out with the 3 different 
piezoelectric elements of the same PZT material, which have the same dimensions, that applying the same force the 
results of the graphs shown by the oscilloscope are in the 3 cases:

- The peak voltage generated by the 3 piezoelectric elements are 5,303 V = 5.3 KV

- The peak current generated by the piezoelectric elements are 4.8 mA

- The peak power generated by the piezoelectric elements are P = V x I = 5.3 KV x 4.8 mA = 25.45 W
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CONCLUSIONS
It is evident, and according to the basic electronics rules, that if we consider each piezoelectric element as a
power supply, if we put 2 equal elements in series and apply the same force at the same time, the output
voltage will be added and will be double and if we put 3 it will be triple, and so on. In the same way if we
put 2 equal piezoelectric elements connected in parallel, and we apply the same force at the same
moment at the same speed the output intensity will be added and will be double and if we put 3 in parallel
it will be triple and so on ...

This is explained in the connection matrix described on the following pages.
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Considering the previous point, and in order to assess the great potential of the patented technology 
with an application example, in this case for an electric car …

… after the empirical demonstration in laboratory (See videos attached in this presentation) about that 
the application of 1 force of 2,4 Kg on 1 cylindrical piezoelectric element of PZT material, which is the most 
common and one of the least efficient in terms of transformation from mechanical to electrical energy, we 
achieve a power peak of 25.45 W …

OBVIOUSLY, in order to answer this question, IT IS NOT POSSIBLE TO MAKE A SIMPLE RULE OF 3 of 
the generated power of 25.44 W by a force of 2,4 Kg described in the technology concept proof at the 

possible power that the generated force of the 2000 Kg of the car will generate, BECAUSE THERE WILL BE 
LOSSES IN THE SYSTEM, BUT OBVIOUSLY THE RESULTING ENERGY WILL BE VERY IMPORTANT 

AND IT WILL BE CAUSE AN IMPORTANT INCREASE OF THE ELECTRIC VEHICLE AUTONOMY.

HOW MUCH ENERGY CAN BE ACHIVED WITH THE HIGH FREQUENCY FORCES GENERATED BY 
THE 2000 Kg OF A ELECTRIC CAR IN MOVEMENT ?

In particular, and as described in the patent, in order to increase the electric vehicle autonomy, it is proposed, 
between other actions, to locate 4 generators, each formed by 1 matrix connection of hundreds piezoelectric 
elements, and located under the 4 dampers and on top of the wheels. It is also proposed to put additional 
generators in other different vehicle positions in order to collect the maximum amount of energy from all the 
parts in movement, but also from the air flow as we will see on the following pages

Added to applications in the transport sector, and in the same way, in the presentation and on the web, you 
can see examples and calculations of applications in the energy generation sector.



3.6.

PIEZOELECTRIC 
GENERATOR 

SYSTEM PATENTED
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Our PIEZO ELECTRIC GENERATOR SYSTEM is composed by the following elements:

The following figure (Fig. 1) scheme Piezoelectric Generator System (100) is represented:

- PIEZOELECTRIC GENERATORS (650)

- ELECTRIC POWER STORAGE AND SUPPLY DEVICE (200). 

- OUTPUT CONTROL DEVICE (800)

- CHARGE STATUS MONITORING DEVICE (600)

- SWITCHING DEVICE (300)
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3.6.1.

PIEZOELECTRIC 
GENERATOR (650)
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Our piezoelectric generator system (100), may have as many Piezoelectric Generators (650)
as different positions have the system in which it is possible to receive dynamic loads 
(FN) and transform them into electric power (POUTN)
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The Piezoelectric Generators (650) is composed by:

1.- ARRAY (400) OF PIEZOELECTRIC MODULES (Mji,i)

3.- IMPUT FORCE CONTROL DEVICE (700)

2.- ACTIVATION PLATE (750)

4.- DAMPING ELEMENT (760)



53

1.- ARRAY OF PIEZOELECTRIC MODULES (400)

1.1 - PIEZOELECTRIC MODULES CONCEPT (Mji,i)  

Each piezoelectric module (Mji,i) of the array (400) is composed by:

- Piezoelectric element (Eji,i) .- for transform the dynamic forces micropulses received 
(F) to an electrical signal of high frequency pulses, proportional, as we have seen 
previously, to the force applied  and the application speed of this force, also to the shape 
and dimensions of the piezoelectric element, and finally, to the type of piezoelectric element 
or in other words proportional to his piezoelectric constant.

- Alternating current/direct current converter (Cji,i) .- for converting alternating current 
generated by the piezoelectric element (Eji,i) into direct current.
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1.2 – ARRAY OF PIEZOELECTRIC MODULES (Mji,i) AND OUTPUT POWER (POUT_TOT)

The array (400) is composed by a number of sets (i) of piezoelectric modules (Mji,i), each of said sets (i) are 
electrically connected to each other in parallel.

j1 = number of piezoelectric modules connected 

in series in set i1

j2 = number of piezoelectric modules connected 

in series in set i2

j3 = number of piezoelectric modules connected 

in series in set i3
…

ji = number of piezoelectric modules connected 

in series in set ii

The sets (i) are composed by a number (j1, j2, …ji) of piezoelectric modules (Mji,i) electrically connected to 
each other in series.

It is important to note that the electrical voltage (Vout) in each sets (i) of piezoelectric modules (Mji,i) should be 
the same to connect the sets (i) in parallel.
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2.- ACTIVATION PLATE (750)

An activation plate (750) for evenly distributing the predetermined force (F) acting on the 
piezoelectric modules (Mji,i) such that they all receive substantially the same 
predetermined force (F), substantially at the same moment and substantially for the 
same time.

Instead of receiving 1 force of 1.000 kg, it is better to receive 1.000 forces of 1 kg each one, 
which will be applied in 1.000 piezoelectric elements, and whose signals of small magnitude 
are easily converted to DC.
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3.- INPUT FORCE CONTROL DEVICE (700)

Contrary to the piezoelectric generators of the prior art, we want to have control of the 
voltage and the current generated by each piezoelectric element in order to can connect 
this in serial but also parallel configuration.

POSSIBLE 
INCREASE THE 

OUTPUT CURRENT 
AND OUTPUT 
VOLTAGE OF 

PIEZOELECTRIC 
GENERATOR

POSSIBLE 
SERIAL 

CONNECTION + 
PARALLEL 

CONNECTION

(Sets with same 
Voltage in the 

moment and for 
the same time)

INPUT 
CONTROL 

DEVICE (700)

PREDETERMINED
FORCE

AND
PREDETERMINED

SPEED

OUTPUT 
VOLTAGE 

AND
OUTPUT 

CURRENT
CONTROL

And as we have seen before, for this we need to have control of the applied force and 
control the speed of application of this force on each piezoelectric element.

The piezoelectric generator continuously receives dynamic forces through Input force control 
Device (700). 

When the predetermined trigger force is reached, the INPUT CONTROL DEVICE (700) 
transmits this force at a predetermined speed to all the piezoelectric modules (Mji,i) of 
the array (400) through the activation plate (750).
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4.- DAMPING ELEMENT (760)

The force exceeding the predetermined force is absorbed by the DAMPING ELEMENT
and thus the piezoelectric modules are also protected.
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We explain the system with an example:

1.- Arrive to the INPUT FORCE CONTROL DEVICE (700) a dynamic load (For example 3.000 kg).

2.- It is trigger only when arrive to the predetermined force (for example 1.000 kg), and launch in 
this moment this force at a predetermined speed with the ACTIVATION PLATE (750) to all the 
piezoelectric modules.

3.- The excessive force (In this case the force exceeds 2.000 Kg) is absorbed by the DAMPING 
ELEMENT (760).

4.- The ACTIVATION PLATE (750) evenly distributes the force (In this case 1.000 Kg) to all the 
piezoelectric elements (1.000 elements) at the same moment and during the same time:

- Each little predetermined force (1 Kg) with the predetermined speed act to each 
piezoelectric element.

- The piezoelectric elements has been development with a decided material and shape, to 
perform and output current predetermined and output voltage predetermined.

- In each piezoelectric module exist an AC/DC converter to achieve a continuous output 
current and a continuous output voltage.

- After that, to achieve the desired output voltage of the generator are connected in series 
piezoelectric modules needed, forming sets, always with the same total voltage.

- Finally, to achieve the desired output current, the necessary sets are connected in 
parallel.
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Variable 
dynamic 

loads

3.000 Kg

1.000 forces of 1 kg 
triggered at a 

predetermined 
speed

INPUT FORCE 
CONTROL 

DEVICE (700) 

It is trigger when arrive 
to the predetermined 
force of 1.000 kg and 

launch in this moment 
this force at a 

predetermined speed 
with the activation plate 

(750) to all the 
piezoelectric modules …

AC/DC 
CONVERTER 

ARRAY (400)

ACTIVATION PLATE (750)
for 1.000 piezoelectric modules

POUT

F = 1.000 Kg 
with 

predetermined 
speed

2.000 Kg

DAMPING ELEMENT (760)
to absorb excessive force
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CONTINUOUS OUTPUT SIGNAL CAUSED BY HIGH FREQUENCY OF DIFFERENT 
FORCE PULSE APPLICATION

2.- From here, and depending on the frequency of micro-pulses, we will have a train of output pulses,
always of the same magnitude and with the same duration (T), given that, as mentioned, the trigger
system of the generator is designed so that always fire at a predetermined force and speed, and as a
consequence transmit to each and every one of the piezoelectric elements the same magnitude of force, at
the same speed and for the same time:

1.- Each piezoelectric module, formed by a piezoelectric element and by its AC/DC converter, and as a
function of the transformation parameters described in the specifications of the selected piezoelectric material
and the additional reduction caused by the conversion stage, will have, as a result of this micro pulsation
or application of a momentary force (in the mentioned example of 1Kg), a resulting output signal in the
form of a unitary pulse, with always the same duration time (T), in magnitude proportional to the
predefined triggering force and to the stage AC/DC conversion:
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3.- It will be from a certain frequency, that we will have a continuous output signal, since it will
overlap the pulse duration (T) with the start time (t0) of the next pulse. However, in our calculation
examples we always consider that 25% of the time, the output signal will be zero, either because the
frequency is not high enough for the pulses to overlap, or because the magnitude of the force received in
the generator is not enough to trigger the trigger.
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3.6.2.

ELECTRIC POWER 
STORAGE AND SUPPLY 

DEVICE (200)
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The ELECTRIC POWER STORAGE AND SUPPLY DEVICE (200). Comprising at least one 
electric power storage and supply unit (250), each one being capable of working in:

- Storage condition, where the battery 250 is capable of storing electric power that is 
generated by the corresponding piezoelectric generator unit 650.

- Supply condition, where the battery 250 is capable of delivering electric power for 
powering the electric system as for example a vehicle.

- Standby condition, where no electric power is stored and no electric power is delivered 
by the battery 250 to the electric system as for example a vehicle.
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3.6.3.

OUTPUT CONTROL 
DEVICE (800) 
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The OUTPUT CONTROL DEVICE (800). His function is receive the electric power (Pout) 
coming from all piezoelectric generators (650), and then adapt and supply this to the electric 
power storage and supply device (200).
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3.6.4.

CHARGE STATUS 
MONITORING DEVICE 

(600)
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The CHARGE STATUS MONITORING DEVICE (600). His function is:

- Monitoring in real time the charge status of the batteries 250, which may be 
represented for example by a percentage.

- Monitoring the operating conditions of each battery 250 (Supply, storage or standby 
condition).

- Transmit in real time said information to an external system as for example a display 
610.
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3.6.5.

SWITCHING DEVICE (300)
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The SWITCHING DEVICE (300). His function is to switch the working condition of the 
batteries (250) depending on the charge status thereof:

- Storing - Stand by .- Battery is charged, but the system is being supplied by other batteries. 
Then remain in stand by waiting when necessary.

- Storing - Supply .- Battery is charged, and then pass to supply condition because the 
system is not supplied by other batteries.

- Stand by - Storing .- The battery was discharged and waiting that is complete the load of 
other previous batteries, in order to pass at storing condition.

- Stand by - Supply .- The battery was charged and waiting when is necessary for the system 
that pass Supply condition.

- Supply - Stand by .- Battery is discharged and waiting that is complete the charge of other 
previous batteries, in order to pass at Storing condition 

- Supply - Storing .- Battery is discharged and pass to storing condition. 
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CHAPTER
4

FLEXIBLE GENERATOR SYSTEM
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We have seen the concept patented of piezoelectric generator, in which a distributor plate is activated when a predetermined force is 
reached, which transmits at a predetermined speed to activate the piezoelectric elements of the matrix

But, if for example, let's consider that the trigger force in our generator is parameterized at 1.000 N

What happens to the forces below the predetermined force of 1.000 N ? …  Or, in case that a force of 1.250 N is received, what happens 
to the remaining force of 250 N ? … Do we lose the possibility of transforming that energy?

The answer is NOT. 

Among the multiple possibilities that surely exist, we present in the following slides a possibility of a flexible system with 1 example in 
order transmit the concept, without considering factors such as little mechanical losses that should be considered when a particular 
application will be developed in detail.

We have seen the concept of piezoelectric generator, but now it must be combined in the best way, depending on the application, to 
have a flexible system and able to generate power proportional to the force received, without limiting the system to an unique 
activation force, and making our system efficient and capable of generating energy from small forces to the bigger possible forces.

Then this concept of flexible system must be developed to apply it, in this way or similarly, to all the different applications of the 
patented system such as piezoelectric air turbines for vehicles, piezoelectric roads, piezoelectric pipes, ...
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1.- We start by configuring the generator system:

- Cylindrical piezoelectric elements H = 10 mm / D = 1mm with g33 = 0.04 Vm / N
- Speed application of force to have output intensity I = 10mA in each piezoelectric element
- Rectangular matrix of 7 rows (increase the output voltage) and 125 columns (increase the output intensity) = 875 elements

We show generation table depending on the force applied in each piezoelectric element from F = 0,1N  to  F = 5N :

EFFICIENCY

Height (mm)
Diameter 

(mm)
g33 (Vm/N) F (N) F (Kg) V (v)

V (V)
 After AC/DC 
considered -

3%

Rows V Columns I
Piezoelectric 

elements

Internal Diameter
(mm)

(space between 
elements 0,5 mm)

External Diameter 
(mm)

(space between 
elements 0,5 mm)

% W KW

1 10 1 0,040 5 0,51 2.546 2.470 7 17.291 125 1,25 875 4 380 75% 16.210 16,21 4.375 446 1.784
2 10 1 0,040 4 0,41 2.037 1.976 7 13.832 125 1,25 875 4 380 75% 12.968 12,97 3.500 357 1.427
3 10 1 0,040 3 0,31 1.528 1.482 7 10.374 125 1,25 875 4 380 75% 9.726 9,73 2.625 268 1.070
4 10 1 0,040 2 0,20 1.019 988 7 6.916 125 1,25 875 4 380 75% 6.484 6,48 1.750 178 714
5 10 1 0,040 1 0,10 509 494 7 3.458 125 1,25 875 4 380 75% 3.242 3,24 875 89 357
6 10 1 0,040 0,90 0,09 458 445 7 3.112 125 1,25 875 4 380 75% 2.918 2,92 788 80 321
7 10 1 0,040 0,80 0,08 407 395 7 2.766 125 1,25 875 4 380 75% 2.594 2,59 700 71 285
8 10 1 0,040 0,70 0,07 357 346 7 2.421 125 1,25 875 4 380 75% 2.269 2,27 613 62 250
9 10 1 0,040 0,60 0,06 306 296 7 2.075 125 1,25 875 4 380 75% 1.945 1,95 525 54 214

10 10 1 0,040 0,50 0,05 255 247 7 1.729 125 1,25 875 4 380 75% 1.621 1,62 438 45 178
11 10 1 0,040 0,40 0,04 204 198 7 1.383 125 1,25 875 4 380 75% 1.297 1,30 350 36 143
12 10 1 0,040 0,30 0,03 153 148 7 1.037 125 1,25 875 4 380 75% 973 0,97 263 27 107
13 10 1 0,040 0,20 0,02 102 99 7 692 125 1,25 875 4 380 75% 648 0,65 175 18 71
14 10 1 0,040 0,10 0,01 51 49 7 346 125 1,25 875 4 380 75% 324 0,32 88 9 36

PIEZOELECTRIC 
GENERATOR 

CONFIGURATON

WEIGHT OF 
THE 

VEHICLE 
USED IN 1 

WHEEL
(KG)

WEIGHT OF 
THE 

VEHICLE 
USED FOR 4 

WHEELS
(KG)

PIEZOELECTRIC  ELEMENT CHARACTERISTICS
FORCE APPLIED TO EACH 
PIEZOELECTRIC ELEMENT

OUTPUT VOLTAGE OF 
EACH PIEZOELECTRIC 

ELEMENT
CONNECTION MATRIX

DIMENSIONS OF PIEZOELECTRIC 
GENERATOR

POWER GENERATED IN 
EACH WHEEL FORCE 

APPLIED TO 
1 WHEEL

(N)

OUTPUT INTENSITY IN EACH 
PIEZOELECTRIC ELEMENT CAUSED BY 

THE SPEED OF APPLICATION OF FORCE

I (mA)

10
10
10
10
10
10

10
10

10
10
10
10
10
10

2.- Then, we will consider a generator system composed of 14 generators positioned one above the other.

Generator 1 --- F = 5N

Generator 2 --- F = 4N

Generator 3 --- F = 3N

Generator 4 --- F = 2N

Generator 5 --- F = 1N

Generator 6 --- F = 0,9N

Generator 7 --- F = 0,8N

Generator 8 --- F = 0,7N

Generator 9 --- F = 0,6N

Generator 10 --- F = 0,5N

Generator 11 --- F = 0,4N

Generator 12 --- F = 0,3N

Generator 13 --- F = 0,2N

Generator 14 --- F = 0,1N
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3.- With this generator system formed by 14 generators we will have a flexible system with the possibility of:

F (N) F (Kg) Rows Columns
Piezoelectric 

elements
W KW

14 0,10 0,01 7 125 875 324 0,32 88 9 36

PIEZOELECTRIC 
GENERATOR 

CONFIGURATON

WEIGHT OF 
THE 

VEHICLE 
USED IN 1 

WHEEL
(KG)

WEIGHT OF 
THE 

VEHICLE 
USED FOR 4 

WHEELS
(KG)

FORCE APPLIED TO EACH 
PIEZOELECTRIC ELEMENT

CONNECTION MATRIX
POWER GENERATED IN 

EACH WHEEL FORCE 
APPLIED TO 

1 WHEEL
(N)

3.2.- On the other hand, if for example a force of 575 Kg (5.640,75 N) arrives, then will be activated 3 generator of the system:

- Generator 1 that have a trigger force of 466 Kg
- Generator 5 that have a trigger force of 89 Kg
- Generator 11 that have a trigger force of 36 Kg

Transforming a total force of 571 Kg (5.601,51 N) of the 575 Kg (5.640,75 N) received by the generator system, and losing only the 
possibility of transformation of 4 Kg (39,24 N)

3.1.- On the one hand, we can generate energy from forces as small as we want, setting the lowest trigger generator to the desired 
small force. In this example the generator that has the smallest activation force is number 14 with a trigger force of 9 Kg ( 88,29 N).

F (N) F (Kg) Rows Columns
Piezoelectric 

elements
W KW

1 5 0,51 7 125 875 16.210 16,21 4.375 446 1.784
2 4 0,41 7 125 875 12.968 12,97 3.500 357 1.427
3 3 0,31 7 125 875 9.726 9,73 2.625 268 1.070
4 2 0,20 7 125 875 6.484 6,48 1.750 178 714
5 1 0,10 7 125 875 3.242 3,24 875 89 357
6 0,90 0,09 7 125 875 2.918 2,92 788 80 321
7 0,80 0,08 7 125 875 2.594 2,59 700 71 285
8 0,70 0,07 7 125 875 2.269 2,27 613 62 250
9 0,60 0,06 7 125 875 1.945 1,95 525 54 214

10 0,50 0,05 7 125 875 1.621 1,62 438 45 178
11 0,40 0,04 7 125 875 1.297 1,30 350 36 143
12 0,30 0,03 7 125 875 973 0,97 263 27 107
13 0,20 0,02 7 125 875 648 0,65 175 18 71
14 0,10 0,01 7 125 875 324 0,32 88 9 36

PIEZOELECTRIC 
GENERATOR 

CONFIGURATON

WEIGHT OF 
THE 

VEHICLE 
USED IN 1 

WHEEL
(KG)

WEIGHT OF 
THE 

VEHICLE 
USED FOR 4 

WHEELS
(KG)

FORCE APPLIED TO EACH 
PIEZOELECTRIC ELEMENT

CONNECTION MATRIX
POWER GENERATED IN 

EACH WHEEL FORCE 
APPLIED TO 

1 WHEEL
(N)
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4.- We show a table where we identify which generators will be activated for different application forces:

1 2 3 4 5 6 7 8 9 10 11 12 13 14

446 357 268 178 89 80 71 62 54 45 36 27 18 9

446 89 62 597 1, 5 and 8
446 89 36 571 1, 5 and 11
446 89 9 544 1, 5 and 14
446 71 517 1 and 7
446 54 500 1 and 9
446 27 473 1 and 12
446 446 1

357 62 419 2 and 8
357 36 393 2 and 11
357 18 375 2 and 13

268 80 348 3 and 6
268 54 322 3 and 9
268 27 295 3 and 12
268 268 3

178 71 249 4 and 7
178 45 223 4 and 10
178 18 196 4 and 13

89 80 169 5 and 6
89 54 143 5 and 9
89 36 125 5 and 11
89 9 98 5 and 14

71 71 7
45 45 10

25 18 18 13

ACTIVATED 
GENERATORS

GENERATOR 
CONFIGURATION

Trigger force (Kg)

350

USED 
WEIGHT

600
575
550
525
500
475
450
425
400
375

300
275
250
225

175
200

FORCE RECEIVED 
IN THE SET OF 
GENERATORS

(Kg)

150
125
100
75
50

325

Flexible Generator 
System
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The following Table includes examples of different configurations of piezoelectric generators 650 for 
a square array 400 of electrically interconnected piezoelectric modules (Mji,i) with piezoelectric 
elements (Eji,i) having the following features:

- Piezoelectric voltage constant: g33= 0.06 Vm/N
- Height: h = 0.015 m
- Diameter: D = 0.0015 m

For a predetermined triggering force F for each piezoelectric module (Mji,i) of 2 N and a current 
value from each piezoelectric modules (Mji,i) of 15 mA.

Array of 2 x 2 piezoelectric modules can generate a P = 61 W from a force of 0,82 Kg

Array of 50 x 1.250 piezoelectric modules can generate a P = 0,9 MW from a force of 12.742 Kg

Piezoelectric 
modules 

connected in 
series (ji)

Sets (i) 
connected 
in parallel

Total 
Modules

(Mi,ji)

g33
(Vm / N)

h
Height

(m) 

D
Diameter 

(m)

F
Activation force 
for each module

(N)

I
Current from 
each module

(A)

V
Voltage from 
each module

(V)

VOUT
(V)

IOUT
(A)

POUT
(W)

Total force to active 
the piezoelectric 

generator
(N)

Equivalent 
weight

(Kg)

Generator 1 2 2 4 1.018,59 2.037 0,03 61 8 0,82
Generator 2 5 5 25 1.018,59 5.093 0,08 382 50 5,10
Generator 3 10 100 1.000 1.018,59 10.186 1,50 15.279 2.000 203,87
Generator 4 10 250 2.500 1.018,59 10.186 3,75 38.197 5.000 509,68
Generator 5 20 400 8.000 1.018,59 20.372 6,00 122.231 16.000 1.631
Generator 6 20 500 10.000 1.018,59 20.372 7,50 152.788 20.000 2.039
Generator 7 30 750 22.500 1.018,59 30.558 11,25 343.774 45.000 4.587
Generator 8 40 800 32.000 1.018,59 40.744 12,00 488.923 64.000 6.524
Generator 9 40 1000 40.000 1.018,59 40.744 15,00 611.154 80.000 8.155
Generator 10 50 1250 62.500 1.018,59 50.929 18,75 954.927 125.000 12.742

0,06 0,015 0,0015 2 0,015
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It is clear that one important advantage of the present piezoelectric generator is that it is capable 
of generating energy from small forces.

In this example, each piezoelectric element is 1,5 mm in diameter, then the dimensions of the 
piezoelectric generator unit 650 are advantageously reduced. A great number of piezoelectric 
generator units 650 can be installed, with each of which being capable of generating high 
electric power from small forces.

To generate 61 W we need a force of 0.82 Kg over an array of 2 x 2 piezoelectric modules, and 
considering each piezoelectric have a diameter of 1,5 mm, adding the external capsulate, we 

arrive to a square generator of 5 mm x 5 mm… 

Then, it is possible install this piezoelectric generator in multiple locations, for examples, can be 
installed in:

- Riverbeds
- Seabed
- Coasts
- Slopes of mountains
- Facades in high buildings
- …

And in general anywhere where can exist a significant number of small forces, and even can 
be created NEW CONCEPTS OF POWER GENERATION PLANTS.
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Example 1: New concept of Power Generation Plant in riverbeds

As we know the river water is in constant motion. 

PIEZOELECTRIC 
GENERATORS (650)

OUTPUT 
CONTROL 
DEVICES 

(800)

STORAGE 
AND 

SUPPLY 
DEVICES 

(200)

The piezoelectric generators (650) are installed in riverbeds and develop a puncher system that 
takes advantage the force of water to make pulsations on each piezoelectric generators. With 
corresponding electrical power storage and supply devices 200 and corresponding output control 
devices 800.
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Example 2: New concept of Power Generation Plant in transit routes.

The piezoelectric generator system is installed such that the piezoelectric generator units 650 are 
arranged below a surface such as the ground or the railway, and with corresponding electrical 
power storage and supply devices 200 and corresponding output control devices 800.

With the above configuration, the piezoelectric generator system 100 is capable of capturing 
dynamic forces from motor vehicles, trucks, motorcycles, people, planes and trains  travelling or 
walking on the ground or the railway and transforming them into electric power.
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On the other hand, the piezoelectric generator is more efficient than conventional turbines 
used for example in hydraulic or eolic power Plants.

To generate 0,95 MW we need an array of 50 x 1.250 piezoelectric modules, and considering each 
piezoelectric have a diameter of 1,5 mm, adding the external capsulate, we arrive to a square 

generator of 100 mm x 2.000 mm… 
In an area of  1 m x 2 m  can put 10 generators – 0,95 MW x 10 = 9,5 MW

How many generators is possible put in the same space needed today for 
the turbines to generate 10 MW ? 

To get an idea, we can classify the hydroelectric power plants depending on the power that are able 
to generate in:

-Low power generation: less than 1 MW.
-Midlevel power generation: between 1MW and 10 MW.
-High power generation: more than 10 MW.

The latter are installed in rivers with important water flows, besides causing water falls from very 
considerable heights, and all to cause the greatest possible force.
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5.1.

EXAMPLE 1: DEVELOPMENT OF 
PIEZOELECTRIC ROAD 

PROTOTYPE
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To simulate energy generation on a road we will use a power bank with interchangeable roller, and each roller will be composed of a 
significant number of piezoelectric generators:

PIEZOELECTRIC MODULE 
PZT piezoelectric element with dimensions 1,5 mm x  1,5 mm x 10 mm and g33 = 0,035 Vm/N. 
Applying a force of F= 1N = 0,1 Kg

VOUT = 0,035 x 0,01 x ( 1 / (0,0015 x 0,0015 )) = 155,56 V

After AC/DC converter each piezoelectric module Mji,i has VOUT = 140 V
The speed at which the triggering force F is applied on all the piezoelectric modules Mji,i

is set by the activation plate is regulated to give an output current IOUT = 3 mA. 

1,5 mm

1,5 mm

10 mm

300 mm

1 m

PIEZOELECTRIC GENERATOR
Space between piezoelectric modules = 1,5 mm
Element + space = L + space = 1,5 + 1,5 = 3 mm = 0,003 m

Number of piezoelectric elements = 1 m / 0,003 m = 333

Matrix Generator = 1 row x 333 columns, then:

Iout = 333 piezoelectric x 3 mA = 333 piezoelectric x 0,003 A = 0,999 A
Vout = 140 V
Pout = 0,999 A x 140 V = 139,86 W

Considering an efficiency = 85 %. Pout = 118,88 W
333 Piezoelectric Modules in each 

Generator

1 m
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Considering a contact between wheel and roller is 12 mm, this would mean that we activate a total of 4 generators of 3 mm, and  2 rollers 
in each wheels, that is, a total of 8 generators activated simultaneously in each wheel with 500 Kg in 1G conditions. (Vehicle weight / 4) 

Then 8 generators activated simultaneously x 333 piezoelectric x 1 N of activation force for each piezoelectric = 2.664 N = 271,6 Kg of the 
500 Kg existing in each wheel with a vehicle of 2.000 Kg.

NUMBER OF PIEZOELECTRIC GENERATOR ACTIVATED SIMULTANEOUSLY
Internal perimeter = 2 x p x 300 mm  = 1.884,96 mm 
Generator width = piezoelectric + capsulate = 1,5 mm + 1,5 mm = 3 mm

Number of piezoelectric generators = 1.884,96 mm / 3 mm = 628 piezoelectric generators

Lost space = 25 %

Number of piezoelectric generators = 628 x 0,75 = 471 piezoelectric generators  for each roller.          

300 mm

471 
Piezoelectric 
Generators
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1 m

Piezoelectric 
Generator

333 Piezoelectric Modules in each 
Generator and for each wheel

…

We have seen that each generator has an output power of Pout = 118,88 W.

If we consider that 8 generators are activated simultaneously by 1 wheel, then with the 4 wheels of the vehicle gives us an 
instantaneous generation power of:

Pout_ins = 118,88 W x 8 generators x 4 wheels = 3.804,16 W

CONCLUSIONS

Considering a working time of 50 % on a road with intense traffic during the day:

Pout_ins = 3.804,16 W x 0,5 = 1.902,08 W

This power is generated by activating 8 generators simultaneously, with a width of 3 mm each, that is, on 24 mm (0,024 m) 
of road.

Then in 100 m we can generate (100/0,024 = 4.166,7) a total of: 1.902,08 W x 4.166,7 = 7.925.397 W  7,92 MW.



85

5.2.

EXAMPLE 2: DEVELOPMENT OF 
PIEZOELECTRIC WATER PIPES 

PROTOTYPE
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2,5 m

PIEZOELECTRIC PIPE
- Internal channeling of water circulation

- External encapsulation of the pipe where the piezoelectric generators are included.

- Bearings for the internal channel to rotate with respect to the external part.

- Fins in internal channel to rotate, as a consequence of water flow.

- Mechanical elements for performing micro pulsations in piezoelectric elements

100 mm
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PIEZOELECTRIC MODULE 
PZT piezoelectric element with dimensions 1,5 mm x  1,5 mm x 10 mm and g33 = 0,035 Vm/N. 
Applying a force of F= 0,2 N = 0,02 Kg

VOUT = 0,035 x 0,01 x ( 0,2 / (0,0015 x 0,0015 )) = 31,11 V

After AC/DC converter each piezoelectric module Mji,i has VOUT = 30 V
The speed at which the triggering force F is applied on all the piezoelectric modules Mji,i

is set by the activation plate is regulated to give an output current IOUT = 1,5 mA. 

1,5 mm

1,5 mm

10 mm

PIEZOELECTRIC GENERATOR
Space between piezoelectric modules = 1,5 mm
Element + space = L + space = 1,5 + 1 = 2,5 mm = 0,0025 m

Number of piezoelectric elements = 2,5 m / 0,0025 m = 1.000

Matrix Generator = 1 row x 1,000 columns, then:

Iout = 1.000 piezoelectric x 1,5 mA = 1.000 piezoelectric x 0,0015 A = 1,5 A
Vout = 30 V
Pout = 1,5 A x 30 V = 45 W

Considering an efficiency = 85 %. Pout = 38,25 W 1.000 Piezoelectric Modules in each 
Generator

2,5 m
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Internal perimeter = 2 x p x 100 mm  = 628,32 mm 
Generator width = piezoelectric + capsulate = 1,5 mm + 2 mm = 3,5 mm

Number of piezoelectric generators = 628,32 mm / 3,5 mm = 179 piezoelectric generators

Lost space = 25 %

Number of piezoelectric generators = 251 x 0,75 = 134 piezoelectric generators .          

Pipe Total Pout = 134 generators x 38,25 W = 5.125,5 W in a Pipe 2,5 m

Considering a circuit of 20 pipes, this means, 20 x 5.125,5 W = 102.510 W = 102,5 KW in 20 x 25 m = 50 m.

CONCLUSIONS

20 pipes of 2,5 m

134 Piezoelectric generators

This means that, with this piezoelectric pipes, we can generate in 1 Km a total of 2.050,200 W  2 MW.
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One of the most important applications of our piezoelectric generator system (100) is in electric 
vehicles, such as land, aquatic and air electric vehicles. 

The piezoelectric generators units 650 are installed in all different suitable positions of the 
electric vehicle where is possible to have mechanical dynamic loads or forces and convert them 
into electric power.
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To explain the operation of the piezoelectric generator system it is proposed to have 2 batteries 
(250).

- The PIEZOELECTRIC GENERATORS UNITS 650 are installed in all different positions.

- The OUTPUT CONTROL DEVICE (800) adapt the electric power coming all piezoelectric 
generators (650) to supply the different batteries (250).

- The CHARGE STATUS MONITORING DEVICE (600) monitoring in real time the charge status 
and the operating condition of the 2 batteries 250 and transmit the information to an external 
system as for example a display.

- The SWITCHING DEVICE (300) switch the working condition (Storing, Supply or Stand by)  of the 
batteries (250) depending on the charge status.
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TO INCREASE THE AUTONOMY OF THE ELECTRIC VEHICLE TO THE MAXIMUM, and considering that it 
is possible to generate energy by positioning generators in any position of the vehicle, the following 5 
positions are proposed due to the availability of the most important magnitudes of forces:

Dinamos Piezoelectric on 
the transmission axes

Under the 
seats

Air inlet channels for 
piezoelectric turbines

- Position piezoelectric generators under the seats.

- Position piezoelectric turbines to take advantage of air flow during vehicle movement.

- Position piezoelectric dynamos on the transmission axes to transform the rotation of these 
axes into electrical energy, similar to the eRot system developed by Audi in 2017 and which 
says Audi, can increase the autonomy of the electric vehicle by approximately 30%.

- Position piezoelectric generators under the shock absorbers in direct contact with the wheels.

- Position piezoelectric generators integrated in the lower part of the shock absorber.



7.1.

PIEZOELECTRIC GENERATORS 
IN THE WHEEL MECHANICAL 
SYSTEM UNDER THE SHOCK 

ABSORBER
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BASE CONCEPT

It is important to highlight the basic concepts to consider when we propose to place the generator in the lower
part of the shock absorber. Objectives to have the highest efficiency:

375 
Kg

Weight of the vehicle = 375 Kg x 4 = 1.500 Kg
Force considering only 1G = 1.500 Kg x 9,81 = 14.715 N

Piezoelectric
Generator

Pulses caused by terrain variations, braking action, acceleration, and rotation.

375 
Kg

Displacement to receive the force of 
14.715 N distributed on the 4 wheels at 

3.679 N each wheel Frequency of pulses of 375 Kg received in each 
piezoelectric generator of each wheel

t

Displacement

375 
Kg

Displacement

Piezoelectric 
Generator

1.- Take advantage of the full weight of the vehicle to transform it into application force on the
piezoelectric generators. That is to say, if the vehicle weighs 1.500 Kg distributed among the 4 wheels, we
should get to have pulses of 1.500 Kg / 4 = 375 Kg in each wheel.

2.- To have the maximum frequency of pulses of this magnitude (375 Kg) in each piezoelectric
generator. This will be achieved by a direct transfer of the pulses received by terrain variations, braking
action, acceleration and rotation that will hit the piezoelectric generators against the total mass of the vehicle.

Effect of the shock absorber
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NEW CONCEPT
Comparison between standard shock absorber system and new shock absorber system proposal:

2.- PROPOSED SHOCK ABSORBER SYSTEM: The objective is to isolate the force received in the generator from the
effect of the shock absorber to avoid the reduction in magnitude and frequency. The proposal shown makes the
frequency of the pulses received in the generator the same as that received by the wheel as a result of terrain variations,
braking action, acceleration and rotation, and will be much higher than the oscillation frequency of the shock absorber.

In this way, on the one hand the efficiency of the shock absorber is not removed, and on the other hand, given that the
frequency of hitting the generator is much greater and given that the piezoelectric generator is isolated from the
damping effect by the new flexible mechanical system proposed, we will have a potential energy, to transform into
electrical energy, proportionally to 90% of the mass of the vehicle approximately.

1.- STANDARD SHOCK ABSORBER SYSTEM: With the piezoelectric generator integrated in the shock absorber, the
received force and its frequency will be reduced as a result of the action of the shock absorber. We will have a potential
energy, to transform into electrical energy, proportionally only to 10% of the mass of the vehicle approximately.

Piezoelectric 
Generator

STANDARD SHOCK 
ABSORBER

Piezoelectric 
Generator

Predefined 
offset

x

PROPOSED SHOCK 
ABSORBER
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Piezoelectric
Generator

Predefined 
offset

x

Piezoelectric 
Generator

Predefined 
offset

x

375 Kg

Before each pulse received by the wheel When each high frequency pulse of the wheel is received, 
the retractable encapsulation will be closed, the generator 
receiving the full force proportional to the weight of 375 Kg.

Afterwards, the shock absorber will receive the pulse that has 
acted on the piezoelectric generator, and will perform its 
shock absorber function as today at a much lower frequency.

Vehicle force 
(1500 kg / 4 

wheels = 375 Kg)

The generator is 
inserted in a larger 

cavity with retractable 
walls so that it closes 
when receiving the 

pulse of the wheel that 
pushes the generator 
against the weight of 

the vehicle
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CALCULATION OF ENERGY PER PULSE
The considered weight of the vehicle is 1.500 Kg, that is, we will consider 1.500 Kg / 4 = 375 Kg per wheel

W (J) = Force (N) x Displacement (m)

W (J) = m (Kg) x g (m / s ^ 2) x h (m)

Frequency of pulses of 375 Kg received in 
the piezoelectric generator with 50 mm 
displacement of each wheel

Displacement

50 mm

Time

m (Kg) 375
g (m/s^2) 9,81
h (m) 0,05
W (J) 183,9375

CALCULATION OF ENERGY PER HOUR
It will depend on the frequency of pulses. The frequency of pulses in the wheel will be much greater than the oscillation
frequency of the shock absorber, where the received movement is already damped.

Considering 12 Hz as the starting frequency for being approximately the maximum frequency of the shock absorber, we make a
table increasing the frequency, to define the number of pulses per hour and as a consequence the energy per hour:

Frequancy (Hz) 12 24 36 48 60 72 84 96
Time (s) 0,08333 0,04167 0,02778 0,02083 0,01667 0,01389 0,01190 0,01042
Pulses / hour 43.200 86.400 129.600 172.800 216.000 259.200 302.400 345.600
W (J) 7.946.100 15.892.200 23.838.300 31.784.400 39.730.500 47.676.600 55.622.700 63.568.800
W (Wh) - (1 Wh = 3600 J) 0,05109375 0,05109375 0,05109375 0,05109375 0,05109375 0,05109375 0,05109375 0,05109375

W (Wh) - 1 wheel 2.207,25 4.414,50 6.621,75 8.829,00 11.036,25 13.243,50 15.450,75 17.658,00
W (Wh) - 4 wheels 8.829,00 17.658,00 26.487,00 35.316,00 44.145,00 52.974,00 61.803,00 70.632,00
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WE WILL CARRY OUT AN EXAMPLE STEP BY STEP TO SHOW THE GREAT POTENTIAL OF THE 
TECHNOLOGY, CONSIDERING THE MOST COMMON AND ECONOMIC MATERIAL, AND CONSIDERING 

ITS LESS OPTIMISTIC SPECIFICATIONS AS CAN BE CONSULTED PUBLICLY THROUGH THE 
SPECIFICATIONS PROVIDED BY ANY SUPPLIER OF PIEZOELECTRIC MATERIALS.

1.- PIEZOELECTRIC MATERIAL SELECTION:
PIEZOELECTRIC MATERIAL PZT

Although there are much more efficient piezoelectric materials in terms of constant transformation g33 and in terms of intensity
generation, in this example we select this material as the most common and economical, used in such basic 
applications as kitchen burner that we have at home

2.- PIEZOELECTRIC MATERIAL SPECIFICATIONS :
Transformation constant    g33 = 0,038 Vm/N

Peak intensity     Ip = 3 mA

In the present example, we consider, according to its specifications, the typical values of different suppliers of piezoelectric
materials. Note that the intensity will depend on the speed of force application i = dq / dt)

Obviously, in a future prototyping it would be convenient to make a benchmark among suppliers of piezoelectric 
materials, that there are many, and select a more efficient type of material than the PZT in terms of its characteristics 
of transformation constant g33 and in terms of its intensity generation capacity.
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3.- VOLTAGE FORMULA:
v = g33 x h x (F/A)

The voltage generated by a piezoelectric material is equal to the transformation constant (g33) multiplied by the thickness (h) 
of the piezoelectric material, multiplied by the applied force (F) and divided by the application area of the force (A).

4.- EXAMPLE OF EMPIRICAL VALUES:
Generation values of a kitchen burner:

v = 1.500 v       i = 2 mA

To get an idea of the capacity of piezoelectric materials, we take as an example a common kitchen burner. When the on 
button is pressed, a very basic striker system is activated with a small spring, which hits the piezoelectric element with a very 
limited force and at a relatively low speed.

As explained, one of the characteristics of piezoelectric materials is that from small forces can generate very high voltage 
peaks, in the case of a kitchen lighter the peak voltage generated is of the order of 1.500 v. This potential difference 
generates an arc that ignites the gas of the lighter.

On the other hand, the intensity generated by a piezoelectric element of a kitchen lighter with the force applied by the 
hammer system at a relatively low speed is between 1.5 to 2 mA.

Thus, the greater the transformation constant (g33), the greater the applied force (F), the greater the thickness of the 
piezoelectric material (h) and the smaller the application area of the force (A), the greater the generated voltage. An 
important feature of these materials is that they can achieve very high voltage peaks with applications of relatively low forces.
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5.- PIEZOELECTRIC ELEMENT DIMENSIONS:

Cylinder with diameter 1 mm
Thickness 15 mm

In the prototype, these dimensions should be studied to minimize the application area of the 
force and maximize the thickness, to generate the maximum voltage.

6.- APPLICATION FORCE ON EACH PIEZOELECTRIC 
ELEMENT:

F = 3 N = 0,305 kg

In this example, we will consider this application force on each piezoelectric element. The force must be defined as 
necessary for each particular application, since from it the trigger system of the activation plate will be developed on the 
piezoelectric elements that make up the generator matrix.

7.- VOLTAGE GENERATED BY EACH PIEZOELECTRIC 
ELEMENT:

v = g33 x h x (F/A) = 0,038 x 0,015 x ( 3 / (3,1416 x 0,0005 x 0,0005)) = 2.177 v

We calculate the voltage that each piezoelectric element will generate, applying the formula in a simple way and substituting
the values: g33 = 0,038 Vm / N, thickness h = 15 mm, force F = 3 N and area P x R^2

1 mm

15 mm
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8.- AC/DC CONVERTER:
One of the important characteristics of the present technology is that, instead of connecting the signals generated by the 
piezoelectric elements to each other through the connection matrix, and then trying to convert the resulting signal AC / DC, 
we prefer to perform the continuous conversion of each one of the small signals of each piezoelectric element 
separately, thus being a simple, basic AC/DC conversion without any complication, and then connecting the 
resulting continuous signals of all the AC/DC converters of all the piezoelectric elements in the connection array.

In this way, on the one hand, the conversion of the small signals of each piezoelectric element separately is very simple, and 
on the other hand, we can consider each piezoelectric module formed by its piezoelectric element with its AC/DC converter, 
as small continuous power supplies that can be connected in series to increase the voltage and in parallel to 
increase the current.

For this reason, it is preferred to manage low signals to convert them continuously and then connect them, that is, it is 
preferable instead of applying a force of 1.000 Kg on a piezoelectric material, applying 10.000 forces of 0,1 Kg with the 
distributor plate.

In the example that we are explaining, and as a consequence of the AC/DC conversion, the pulse generated after 
removing the ripple and the stabilizing stage will be lower than the previous peak to the converter and therefore we 
consider a loss in the conversion 10%, and as a consequence we consider that in the output of each AC / DC converter 
of each piezoelectric module we will have a pulse of:

V = 1.959 V

From here, we can consider P = V x I because they are continuous signal power supplies that we will connect in 
series and in parallel as we need as if we were talking about batteries.
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9.- CONNECTION ARRAY AND OUTPUT POWER:
In this example, we consider a piezoelectric module connection 
matrix with continuous output, each of these modules formed by
a piezoelectric element with its own AC/DC converter.

7 rows and 175 columns.

.

The output voltage of the generator is given by the number of 
rows, that is, by the number of piezoelectric modules connected in 
series. When considering 7 rows, we would have a generator 
output voltage of:

VOUT = 1.959 V x 7 = 13.713 V

The output intensity of the generator is given by the number of columns that we connect in parallel, each of the columns 
formed in this case by 7 piezoelectric modules. So, considering a total of 175 columns in our matrix, we would have a 
generator output intensity of:

IOUT = I x 175 = 3 mA x 175 = 525 mA = 0,525 A.

An important condition to respect in order to add the intensities of each column, is that the terminal voltage of all is always 
the same, that is, the sum of the voltages of the 7 connected piezoelectric modules that make up each column is always 
as we have calculated 13.713 V

La potencia del generador y tratándose siempre de conexión de señales continuas, será de:

POUT = V x I = 13.713 V x 0,525 A = 7.199,32 W = 7.2 KW
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10.- POSITION OF THE GENERATOR IN THE VEHICLE:
We will consider that our generator formed by a matrix of 7 rows x 175 columns will be:

Generator positioned under the shock absorber directly in the base
connected to the wheel where both the frequency of the pulsations

and the speed of application of the forces is very high

The high frequency will cause that we have as a result a train 
of pulses that generates a continuous signal when the 
duration of the pulse overlaps with the t0 of the following 
pulse.

On the next page we will consider an efficiency of 75% in the 
energy conversion as a consequence of estimating that in 25% of 
the operating time the frequency of the pulse train does not allow 
them to overlap having a continuous signal.

Also as we have seen more pulsations frequency, more energy 
can be transformed

In case of placing the generator integrated in the shock absorber, the frequency of pulsations and its speed of 
application will be lower and less efficient since the force has already been damped



105

11.- EFFICIENCY AND FINAL POWER:

For what has been said above, and considering that we place the generator below the shock absorber in contact with the 
wheel receiving the continuous pulsations with high frequency, and to be conservative, we consider that there is 
transformation only 75% of the movement time of the vehicle:

Efficiency of 75%

With 1 generator in 1 single wheel of the 4 existing ones.

Getting a Power of:

P = 7,2 KW x 0,75 = 5,4 KW

This would be using a generator of 7 rows x 175 columns x 3 N = 1.225 elements x 3 N = 3.675 N, that is, using:

374.6 Kg of the 375 Kg in each wheel of the vehicle

Also note that we are considering only 1 G. Although as we know in the automotive sector the elements of the vehicle are 
dimensioned in their development to support between 5 G and 10 G.



Taking advantage of the reduced thickness of the generator, we will then place in each damper several superimposed 
generators with different activation forces, for example:

- Generator 1 .- Activation 489 Kg.
- Generator 2 .- Activation 300 Kg.
- Generator 3 .- Activation 200 Kg.
- Generator 4 .- Activation 100 Kg.
- Generator 5 .- Activation 50 kg.
- Generator 6 .- Activation 25 Kg.
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12.- EFFICIENCY INCREASE OF THE GENERATOR SYSTEM:

Generator 1 --- F = 489 Kg

Generator 2 --- F = 300 Kg

Generator 3 --- F = 200 Kg

Generator 4 --- F = 100 Kg

Generator 5 --- F = 50 Kg

Generator 6 --- F = 25 Kg

To further increase efficiency and power generation, the concept of flexible generator is added.

According to the example, we would place a generator that will be activated at a trigger force of 489 Kg. But in this 
situation, we have 2 cases in which we lose the possibility of transformation of dynamic forces and as a 
consequence of power generation:

- In case that the received force was less than 489 Kg, for example 333 Kg, the generator would not be activated and 
would not transform the dynamic force into electrical energy.

- In case that the force received was greater than 489 Kg, the force above this value would be lost, that is, if a force of 
840 Kg were received, only the 489 Kg activation of the sole generator in the buffer would be used, and we would lose 
the possibility of transforming 351 Kg.

As a result in the 2 cases described::

- In the case of receiving lower force of 333 Kg.- Generator 2 of 300 Kg and 6 of 25 Kg will be activated. Only losing the 
possibility of transforming the dynamic force of 8 Kg into electrical energy.

- In the case of receiving superior force of 840 Kg.- Generator 1 of 489 Kg will be activated, 2 of 300 kg and 5 of 50 kg. 
Only losing the possibility of transforming the dynamic force of 1 Kg into electrical energy.

That is, those generators will be activated from major to minor, as the force is absorbed.
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CONCLUSIONS:

1.- The concept of power generation of the patented technology is very simple technically as seen in 
each of its 12 steps described, and explained in detail.

2.- It has been considered the most common material PZT with characteristics that are not the most 
optimal

3.- This material is the most common in the daily use of different applications and the most economical, but 
there are many other materials developed and available in the market much more efficient in terms of 
constant transformation and generation of intensity. Thus, at the prototype level it would be convenient to 
benchmark different suppliers of piezoelectric material.

4.- Even under these conditions it has been possible to generate with 1 unique generator, in 1 single 
shock absorber, of 1 wheel, considering a weight less than a quarter of the weight of the vehicle, 
considering only 1G and considering a 75% efficiency a power of P = 5,4 KW

5.- Adding the flexible generator concept described in step 12, which is nothing more than overlapping 
different generators with decreasing activation forces, we further increase the efficiency of the system in 
terms of power generation for all magnitudes of forces and thus being generating energy practically 
in continuous

It really has no secrets, since they are very basic concepts of electronics and only in the precise 
combination of these steps is the secret of the generation of high power, taking advantage of the enormous 
mass of the vehicle in motion.
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7.2.

PIEZOELECTRIC TURBINES

(EXAMPLE OF APPLICATION TO 
TAKE ADVANTAGE OF THE AIR 

FLOW IN DRIVING)
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0,15 m

PIEZOELECTRIC TURBINE

The most efficient turbine configuration should be developed to take advantage of the force generated by the air flow during 
driving. A proposal is made below:

- Internal air circulation channel

- External encapsulation of the turbine where the piezoelectric generators are installed.

- Bearing system so that the internal channel can rotate with respect to the external encapsulation..

- Fins in internal channel to cause the rotation thanks to the flow of air.

- Mechanical elements for performing micro-pulsations on piezoelectric elements

50 mm



110

PIEZOELECTRIC MODULE
Piezoelectric cylindrical element made of PZT material with diameter 1 mm and thickness 10 mm
Transformation constant g33 = 0.035 Vm / N.
Applied force F = 0.05 N = 0.005 Kg

v = g33 x h x (F/A) = 0,035 x 0,01 x ( 0,05 / (3,1416 x 0,0005 x 0,0005)) = 22,28 V

We consider reduction of 10% in the AC / DC converter stage in each piezoelectric module Mji,i VOUT = 20 V

We consider that the speed of application of force on the piezoelectric elements gives us an output currentde IOUT = 1 mA.

PIEZOELECTRIC GENERATOR
Space between piezoelectric modules = 1 mm
Piezoelectric element diameter + space = 1 + 1 = 2 mm = 0.002 m

Number of piezoelectric elements in each generator = 0.15 m / 0.002 m = 75

Connection matrix in the generator = 1 row x 75 columns, then:
Iout = 75 piezoelectric modules x 1 mA = 75 x 0,001 A = 0,075 A
Vout = 20 V
Pout = 0,075 A x 20 V = 1,5 W

Total activation force of each generator = 0,05 N/modul x 75 modules = 3,75 N = 0,38 Kg
75 Piezoelectric modules in each 

generator

0,15 m

1 mm

10 mm
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Internal perimeter of the turbine = 2 x p x 50 mm = 314.16 mm
Number of generators in the turbine = piezoelectric generator thickness + space = 2 mm + 1 mm = 3 mm
Number of generators in the turbine = 314.16 mm / 3 mm = 104 piezoelectric generators

Lost space by assembly = 25 %

Number of generators in the turbine = 104 x 0,75 = 78 piezoelectric generators.

Potencia generada por la turbina Pout = 78 generadores x 1,5 W = 117 W en 1 Turbina de 0,15 m

Considering having a total of 20 piezoelectric turbines in the vehicle  20 x 117 W = 2.340 W = 2,34 KW

CONCLUSIONS

Air channels to direct the flow of air to the 
piezoelectric turbines

To take full advantage of the force generated during the movement of the vehicle, the air channels should be designed to direct the air 
flow to the amount of piezoelectric turbines that can be installed (in the present calculation, we have considered disposing 20)

78
piezoelectric
generators

50 mm

Total activation force of each turbine = 3.75 N / generator x 78 generators = 292,5 N = 29,81 Kg
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7.3.

PIEZOELECTRIC DYNAMO

( EXAMPLE OF APPLICATION TO 
TAKE ADVANTAGE OF TURNING THE 

WHEEL AXE )
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0,5 m

PIEZOELECTRIC DYNAMO

The configuration of the most efficient dynamo must be developed to take advantage of the rotation force of the wheel axe. 
Considering an axe of diameter 10 cm. A proposal is made below:

- Internal cylinder connected with axe to rotate together with it.

- External encapsulation of the dynamo where the piezoelectric generators are installed.

- Bearing system so that the inner cylinder connected to the axe can rotate with respect to the external encapsulation.

- Mechanical elements for performing micro-pulsations on piezoelectric elements

100 mmWHEEL 
AXEWHEEL AXE



114

PIEZOELECTRIC MODULE
Piezoelectric cylindrical element made of PZT material with diameter 1 mm and thickness 10 mm
Transformation constant g33 = 0.035 Vm / N.
Applied force F = 0.05 N = 0.005 Kg

v = g33 x h x (F/A) = 0,035 x 0,01 x ( 0,05 / (3,1416 x 0,0005 x 0,0005)) = 22,28 V

We consider reduction of 10% in the AC / DC converter stage in each piezoelectric module Mji,i VOUT = 20 V

We consider that the speed of application of force on the piezoelectric elements gives us an output currentde IOUT = 1 mA.

PIEZOELECTRIC GENERATOR
Space between piezoelectric modules = 1 mm
Piezoelectric element diameter + space = 1 + 1 = 2 mm = 0.002 m

Number of piezoelectric elements in each generator = 0,5 m / 0.002 m = 250

Connection matrix in the generator = 1 row x 250 columns, then:
Iout = 250 piezoelectric modules x 1 mA = 250 x 0,001 A = 0,25 A
Vout = 20 V
Pout = 0,25 A x 20 V = 5 W

Total activation force of each generator = 0,05 N/módulo x 250 modules = 12, 5 N = 1,27 Kg
250 Piezoelectric Módules in 

each generator

0,5 m

WHEEL AXE

1 mm

10 mm
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Internal perimeter of the turbine = 2 x p x 100 mm = 628.32 mm
Number of generators in the turbine = piezoelectric generator thickness + space = 2 mm + 1 mm = 3 mm
Number of generators in the turbine = 628.32 mm / 3 mm = 209.44 piezoelectric generators

Lost space by assembly = 25%

Number of generators in the turbine= 209 x 0,75 = 156 piezoelectric generators.          

Power generated by the turbine Pout = 156 generators x 5 W = 780 W in 1 dynamo of 0,5 m
Considering having a total of 4 piezoelectric dynamos in the vehicle  4 x 780 W = 3.120 W = 3,12 KW

CONCLUSIONS

WHEEL 
AXLE

156 Piezoelectric 
generators

100 mm

Piezoelectric dynamics on wheel axes

Total activation force of each dynamo = 12,5 N/generator x 156 generators = 1.950 N = 198 Kg
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ADDING :

- THE ENERGY OBTAINED FROM PIEZOELECTRIC GENERATORS INTEGRATED IN ALL SHOCK ABSORBERS

- THE ENERGY OBTAINED FROM THE PIEZOELECTRIC DYNAMOS IN THE TRANSMISSION AXES

- THE ENERGY OBTAINED FROM THE GENERATORS UNDER THE SEATS

- THE ENERGY OBTAINED FROM THE PIEZOELECTRIC TURBINES TO USE THE AIR FLOW

- AND THE ENERGY OBTAINED ADDING PIEZOELECTRIC GENERATORS IN ANY POSITION OF THE VEHICLE 
WHERE DYNAMIC FORCES CAN BE FOUND.

THIS MEANS AN EXTRAORDINARY INCREASE IN THE AUTONOMY OF THE ELECTRIC VEHICLE, 
AND IT IS POSSIBLE THAT IT COMES TO PROVIDE UNLIMITED AUTONOMY TO THE ELECTRIC 
VEHICLE THANKS TO THE RECHARGING OF THE BATTERIES BY THE DYNAMIC FORCES 
CAUSED BY THE MASS OF THE VEHICLE.

THIS WILL BE, WITHOUT DOUBT, THE DECISIVE STEP FOR ALL TRANSPORTATIONS TO BE 
CARRIED OUT WITH ELECTRIC VEHICLES, AND THE COMPANY THAT MAKES THIS CHANGE 
POSSIBLE WILL BECOME A MULTINATIONALLY IMPORTANT

BUT ALTHOUGH IT WAS ONLY A 40% OR 50% SAVING OF THE GLOBAL ENERGY CONSUMPTION 
NECESSARY FOR THE RECHARGING OF THE ELECTRIC VEHICLES, THIS WOULD BE ALL 
SUCCESSFUL.

- THE ENERGY OBTAINED FROM PIEZOELECTRIC GENERATORS LOCATED UNDER ALL SHOCK ABSORBERS IN 
CONTACT WITH THE WHEELS.



7.4.

PIEZOELECTRIC GENERATOR 
DEVELOPMENT 

TO ACHIEVE THEORETICALLY 
UNLIMITED AUTONOMY FOR 

ELECTRIC VEHICLE
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Electric car with a battery of 60 KWh, which gives an autonomy of 370 km ( As Tesla Model S 60)

Based on the fact that the speed limit is 130 km / h, the consumption time (CT) battery will be:

TC = Autonomy / Maximum speed = 370 km / 130 km / h = 2.85 hours

The formula that gives us the duration of charging (DC) is:

DC (h) = ((Battery Capacity (KWh) / generator power (KW)) x efficiency (%)

Then:
POUT (kW) = (Battery Capacity (KWh) / DC (h)) x efficiency%

Thus, the power that our piezoelectric generator must produce for a car as Tesla Model S60, 
considering a 75% efficiency, is:

POUT (kW)  = (60 KWh / 2.85 h) x (1+ (1- 0.75)) = 26.35 KW
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Is considered:

- Piezoelectric elements (Eji,i) are cylindrical in shape. With height = 15 mm, diameter = 2 
mm and piezoelectric voltage constant g33 = 0.06 Vm/N.

- A triggering force F received by each of the piezoelectric modules Mji,i is set by the input force 
control device 700 to be F = 5 N

Then the voltage generated by the piezoelectric element is:

Each piezoelectric module Mji,i is in turn provided with a AC/DC converter Cji,i that includes an 
regulation step that can gives for example an output DC voltage Vji,i of 1.400 V. 

The speed at which the triggering force F is applied on all the piezoelectric modules Mji,i is set by 
the activation plate 750 is regulated to give an output current Iji,i is 20 mA. 

Each piezoelectric module Mji,i thus gives:

Vji,i = 1.400 V
Iji,i = 20 mA
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As mentioned the array 400 configuration is:

We consider a square array 400 where all the sets i have the same number of piezoelectric 
modules Mji,i in serial connection:

J = j1 = j2 = j3 … = ji 

and being a rectangular matrix 400, considering for example 30 times the number of sets than 
the number of modules in each set, because we are interested to increase the intensity much 
more than the voltage:

30 J = i
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Then the output Voltage and the Output current of our piezoelectric generator is:

Vout-tot = Vji,i x j
Iout-tot = Iji,i x I

And consequently:
Pout-tot-T = Vout-tot x Iout-tot

Pout-tot-T = Vout-tot x Iout-tot = (Vji,i x j) x (Iji,i x i)

Replacing with the values:
Pout-tot-T = (1.400 j) x (0,02 i)
26350 = (1.400 j) x (0,02 x 30 j)
26350 = (1.400 x 0,02 x 30 )  j^2
26350 = 840 j^2
j^2 = 26350 / 840 = 31,37
j = 5,6

As a result, the number of modules and the number of set are:

j = 6
i = 168
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After defined the array 400 the total output values of our piezoelectric 
generator can be determined:

Vout-tot = Vji,i x j
Vout-tot = 1.400 x 6 = 8.400 V

Iout-tot = Iji,i x i
Iout-tot = 0,020 × 168 = 3,36 A

Pout-tot-T = Vout-tot x Iout-tot
Pout-tot-T = 8.400 x 3,36 = 28,22 KW

We remember that in order to give unlimited autonomy to 
our electric vehicle, we need a generator able to generate 

26.35 KW
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Consider a car similar to mentioned Tesla Model S60, that has a weight of 2.175 
kg, and considering only the 1G acceleration of gravity, this weight could cause an 
effort of 21.337 N. Although usually in the automotive sector, devices are 
developed to support between 5G and 10G

To give unlimited autonomy to our electric vehicle, we have arranged
1 unique piezoelectric generator of the vehicle using 6 x 168 = 1.008 

piezoelectric modules, with a triggering force of 5 N, and consequently a total 
force used of 5.040 N or in other words 514 Kg

of the available 21.337 N or in other words 2.175 Kg considering only 1G.
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With the same configuration of precedent piezoelectric generator, we have 
performed the development for minimum piezoelectric generator needed to 
give unlimited autonomy to the top best selling electric vehicles at the 
moment:

Ford Focus  Electric 122 0,94 23 30,64 7 181 9.800 3,62 35,48
Mitsubishi i-Miev 150 1,15 16 17,33 5 136 7.000 2,72 19,04
Volkswagen e-up! 150 1,15 18,7 20,26 5 147 7.000 2,94 20,58
BMW i3 160 1,23 18,8 19,09 5 143 7.000 2,86 20,02
Renault ZOE 180 1,38 22 19,86 5 145 7.000 2,90 20,30
Renault Fluenze Z.E 185 1,42 22 19,32 5 143 7.000 2,86 20,02
Nissan Leaf 170 1,31 24 22,94 6 156 8.400 3,12 26,21
Volkswagen e-Golf 190 1,46 24,2 20,70 5 148 7.000 2,96 20,72
Kia Soul EV 200 1,54 27 21,94 6 153 8.400 3,06 25,70
Tesla Model S 60 370 2,85 60 26,35 6 168 8.400 3,36 28,22
Tesla Model S 85 480 3,69 85 28,78 6 175 8.400 3,50 29,40

VOUT

Voltage provided by the 
piezoelectric generator 

(650) with charge 
efficiency of 75 %

(V)

IOUT

Current  provided by the 
piezoelectric generator 

(650) with charge 
efficiency of 75 %

(A)

POUT

Power  provided by the 
piezoelectric generator 

(650) with charge 
efficiency of 75 %

(W)

Vehicle 
autonomy

 (km)

Time 
consumption of 

the battery
 130 Km/h

(hours)

Battery 
capacity
(KWh)

POUT

Power should provide the 
piezoelectric generator 

with charge efficiency of 
75%

(KW)

Piezoelectric 
modules (Mi,ji) 
connected in 

series
(j)

Sets (i)
connected in paralel of 
piezoelectric modules 

(Mi,ji) connected previusly 
in series

(i)
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WHY OUR INVENTION 
RESPECT THE 

THERMODYNAMICS 
PRINCIPLES ?
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PERPETUAL MOVEMENT MACHINE DEFINITION

These are ISOLATED machines or systems able to perform a mechanical work indefinitely BECAUSE THEY ARE
SYSTEMS CAPABLE OF PRODUCING MORE ENERGY THAN THE CONSUMPTION.

This is NOT POSSIBLE since it CONTRADICTS THE PRINCIPLES OF THERMODYNAMICS that says:

E1 = Energy supplied

ENERGY SUPPLIED

E1 = F + P
E1

P = Lost energy

F = Energy consumed in 
operation

F

P

ER = Recuperated Energy

ER
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That is, if we consider a vehicle as an ISOLATED system, with 1 SOURCE OF POWER that is the vehicle's battery, as
the principles of thermodynamics say, ALWAYS the final charge level of the battery will be lower than the initial charge
level.

FLL

FINAL LOAD 
LEVEL IN 

BATTERY OF 
THE VEHICLE

=
ILL

INICIAL LOAD 
LEVEL IN 

BATTERY OF 
THE VEHICLE

-
O

OPERATION OF 
THE VEHICLE

L

LOSSES-
ER

ENERGY 
RECOVERED BY 

GENERATOR 
SYSTEM

+

POWER SUPPLY
VEHICLE BATTERY

ENERGY SUPPLIED = VEHICLE 
OPERATION + LOSSES

ISOLATED SYSTEM

RECOVERED 
ENERGY



128

But a vehicle IS NOT AN ISOLATED SYSTEM, there is a SECOND IMPORTANT SOURCE OF SUPPLY from which to recharge the batteries
of the vehicle. This energy comes from the transformation into electrical energy of all the enormous dynamic forces that exist in the
vehicle itself, caused by its mass in motion and by the external forces received

FLL

FINAL LOAD 
LEVEL IN 

BATTERY OF 
THE VEHICLE

=
ILL

INICIAL LOAD 
LEVEL IN 

BATTERY OF 
THE VEHICLE

-
O

OPERATION OF 
THE VEHICLE

L

LOSSES-

ER

ENERGY 
RECOVERED BY 

GENERATOR 
SYSTEM

+

POWER SUPPLY 1
VEHICLE BATTERY

ENERGY SUPPLIED = VEHICLE 
OPERATION + LOSSES

RECOVERED 
ENERGY

EDF

ENERGY 
DYNAMIC 
FORCES

+

POWER SUPPLY 2
ENERGY DYNAMIC 

FORCES

External forces proportional to the mass of the vehicle (Gravity) and caused by terrain
variations, braking action, acceleration, and left and right rotation. All external forces received
by the vehicle and those intrinsic to the inertia of the movement.

Turn left or right

Having clarified that it IS NOT AN ISOLATED SYSTEM, there is no doubt that WE DO NOT TALK ABOUT A PERPETUAL MOVEMENT
MACHINE, AND AS A CONSEQUENCE IT DOES NOT GO AGAINST THE PRINCIPLES OF THERMODYNAMICS.

THE DOUBT TO CLEAR IS THE AMOUNT OF ENERGY THAT CAN BE CONTRIBUTED FROM ALL THE EXISTING DYNAMIC FORCES, and
although the numbers demonstrate the enormous potential of technology, and in the absence of a prototype that empirically
demonstrates this, we prefer to be cautious and speak of increase of autonomy of the electric vehicle and not of unlimited autonomy.
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BATTERY 1
(Battery in power 

supply mode)

OPERATION AND 
VEHICLE MOVEMENT

PIEZOELECTRIC GENERATOR
(Converts external mechanical energy 

to electrical energy)

EXTERNAL FORCES
Caused by terrain irregularities, 
or the inertia generated by the 

actions of acceleration or 
braking, or by turning right or 
left, in addition of the  wind 

resistance

E1 = MAXIMUM LEVEL BATTERY 1 
(Power Supply mode)

Energy 
consumption

E2 = MINIMUM LEVEL BATTERY 1 
(Defined as switching level)

T1 = Discharge time
TIME

ENERGY

Recharge energy from 
external forces

T2 = Charging time
TIME

ENERGY

E3 = MAXIMUM LEVEL BATTERY 2
(Power Storage mode)

E4 = MINIMUM LEVEL BATTERY 2
(Defined as switching level)

T2 < T1

BATTERY 2
(Battery in power 

storage mode)

SWITCHING in T1

NO CONFLICT WITH THERMODINAMICS LAWS BECAUSE IT IS NOT AN 
ISOLATE SYSTEM
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MAX

ENERGY

TIME

MIN

Battery A Energy Level

Battery B Energy Level

T1T0 T2 T3 T4

T0.- START.- Battery A in Supply condition and Battery B in Storing Condition.  

T0 – T1 .- Battery B charging time

T1 – T2 .- Battery B stand by condition

T2 .- SWITCHING.- Battery A arrive to the minimum energy level and then switch to storing condition, and Battery B switch to supply condition.

T2 – T3 .- Battery A charging time

T3 – T4 .- Battery A stand by condition

T4 .- SWITCHING.- Battery B arrive to the minimum energy level and then switch to storing condition, and Battery A switch to supply condition.

T0 – T1 < T0 – T2.- Battery B charging time EVER LESS THAN Battery A discharge time.

T2 – T3 < T2 – T4.- Battery A charging time EVER LESS THAN Battery B discharge time.
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CONFIRMATION OF THE OFFICIAL EXAMINATIONS OF THE EUROPEAN
PATENT OFFICE OF MUNICH (EESR E ISIR)

The requirements for an invention to be patentable are:

- That the inventions are new.- For which a search is carried out at international level to ensure that there is no
antecedent to the invention that is wanted to be patented.

- Involving inventive activity.- This is that the invention is not a consequence of the evolution of the technique itself
and a development is necessary.

- That have industrial application. - That is to say that they are realizable and producible. And at this point any
invention impossible to perform in a physical way is blocked, and in particular it is the step of the examination that
blocks any invention that suggests a perpetual motion machine for going against the principles of thermodynamics.

The steps followed for our patent with our representative and industrial property manager were:

1.- European Patent Presentation and subsequent PCT International Patent at the EPO headquarters in Munich,
priority date 02/12/2015

2.- Positive patentability report (European Patent Application Positive Repport EESR) date 07/06/2016.

3.- Second Positive patentability report (International Patent Appliation PCT Positive Repport ISIR) date 10/08/16.

4.- EUROPEAN PATENT APPLICATION PUBLISHED IN EPO DATABASE.- 07/06/17 with publication number EP3176942 

5.- PCT APPLICATION PUBLISHED IN WIPO DATABASE.- 08/06/17 with publication reference WO/2017/092883.

The 2 positive patentability reports made by the examiner of the EUROPEAN PATENT OFFICE of Munich after
carrying out the examination with a team specialized in the technical matter, concluded with a positive report of
patentability and as a consequence that it respects the 3 above mentioned requirements of patentability.
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CHAPTER
8

BASIC PROTOTYPE
MVP (MINIMUM VIABLE PRODUCT)
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8.1.

MECHANICAL DEVELOPMENT OF 
THE PROTOTYPE
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ACTIVATION PLATE WITH 
PERCUTOR COLUMNS

FIXING PLATE OF 
PIEZOELECTRIC 
ELEMENTS

COVER

1 PCBA

117 mm

117 mm
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THE PIEZOELECTRIC GENERATOR PROTOTYPE IS FORMED BY THE FOLLOWING PARTS:

1.- 3 PIARTS TO MECHANIZE
1.1.- ACTIVATION PLATE.- It transmits and distributes the effort received uniformly among all the piezoelectric elements, in such a way 
that each one receives the same amount of effort, at the same speed and at the same moment.
1.2.- FIXING PLATE.- In which the piezoelectric elements must be assembled, at the same height, in such a way that all of them receive 
the force transmitted by the activation plate at the same moment.
1.3.- COVER.- Serves as fixing and cover of the PCBA

2.- DISTANCES.- Its function is to maintain a distance between the firing columns of the activation plate and the piezoelectric elements, 
and to flex and guide when transmitting the external force, ensuring simultaneous activation in all of them.
3.- PIEZOELECTRIC ELEMENTS.- Calibrated and with their connection cables.
4.- 1 PCBA.- Circuit with as many AC / DC converters as piezoelectric elements to individually transform the signal of each one, and which
are connected according to the connection matrix described on the following pages.
5.- Small screws.- For circuit fixing with the fixing plate.
6.- Large screws.- For closed cover with fixing plate.

ACTIVATION PLATE WITH 
PERCUTOR COLUMNS

FIXING PLATE

COVER

DISTANCES

PIEZOELECTRIC ELEMENTS 
WITH WIRES

Small Screws

Large screws

1 PCBA
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MECHANICAL PARTS:
To make the 3 mechanical parts of the prototype, it is proposed 
to mechanize 3 blocks of ERTACETAL material with numerical 
control.

The main characteristics of this material are: High mechanical 
resistance, rigidity and hardness, very easy to machine, good 
dielectric properties and high impact resistance.

1.1.- MECHANICAL PART 1: ACTIVATION PLATE.- It is necessary 
to develop and machine an activation plate to transmit the 
stress and distribute it among the piezoelectric elements in a 
uniform way, in such a way that each and every one of the 
piezoelectric elements receives the same force at the same 
moment and at the same speed.

1.2.- MECHANICAL PART 2: FIXING PLATE.- 227/5000
It is necessary to develop and machine a fixing plate to position 
the piezoelectric elements, each 1.5 mm in diameter and 8 mm 
thick, considering a space between each of 1 mm.

1.3.- MECHANICAL PART 3: COVER.- It is necessary to develop 
and machine a cover to protect the electronic circuit and give 
mechanical contrast to the fixing plate where the 800 
piezoelectric elements are assembled
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8.2.

PIEZOELECTRIC ELEMENT 
DEFINITION,

CONNECTION MATRIX
AND

GENERATOR DIMENSION
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These piezoelectric elements must have the following characteristics:

- It must be of a piezoelectric material that has a constant g33 = 0.04 Vm / N or higher.
- It must be a material with a peak intensity as high as possible, and greater than or equal to 4,5 mA
- Each cylindrical element must have dimensions of 1.5 mm in diameter and at least 10 mm thick.
- Each cylindrical element must be supplied in its corresponding encapsulation of the minimum possible 

thickness and with the corresponding thread for assembly in the mechanical fixing plate.
- Each piezoelectric element must have 2 wires to make the connection to the circuit

1,5 mm

10 mm

To ensure the correct operation of the generator, it is very important that the selected supplier supplies these 500 calibrated piezoelectric 
elements so that each and every one of them respect:

- The same ratio curve between application force and output voltage of the piezoelectric element (vout)
- The same curve of relation between speed of application of force and intensity of output of the piezoelectric element (iout).

PIEZOELECTRIC ELEMENTS
A total of 400 cylindrical piezoelectric elements must be mounted on the generator, for which purpose it is proposed to purchase 500 
piezoelectric elements to correct possible problems or adjustments.
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RECTANGULAR CONFIGURATION DIMENSIONS
Space between piezoelectric elements = 3 mm
Lateral space = 15 mm

Horizontal/Vertical dimension = 20 x Piezoelectric elements diameter + 19 x spaces between elements + 2 x lateral space = 
(20 x 1,5 mm) + ( 19 x 3 mm)  + ( 2 x 15 mm)  = 117 mm

DEFINITION OF CONNECTION MATRIX
Matrix with 20 columns connected in parallel, where each of them has 20 
piezoelectric elements connected in series:

117 mm

117 mm

Columns (i) 20
Rows (j) 20
Piezoelectric number 400

ARRAY
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8.3.

PCBA

(ELECTRONIC CIRCUIT WITH AC / DC 
CONVERTERS

AND
CONNECTION MATRIX)
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1.- 400 AC/DC CONVERTERS .

Each of the 400 piezo elements will need to be connected to your AC / DC 
converter to transform each received pulse into a square pulse.

Considering that in the proposed tests, on the next pages of this document, it is 
proposed to apply different magnitudes of different forces, the electronics 
should be developed including the flexibility to perform the different 
possibilities of AC / DC conversion depending on the different possibilities of 
pulses That we will have.

THE CIRCUIT TO BE DEVELOPED MUST INCLUDE:

2.- CONNECTION MATRIX

The circuit must also include the connection matrix 
OF THE OUTPUTS OF THE 400 AC / DC CONVERTERS.

This connection matrix will be composed of 40 
columns connected in parallel, where each of them 
has 20 piezoelectric elements connected in series 
with their corresponding AC / DC converters.
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8.4.

PROPOSAL
OF

TESTS
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The tests will be carried out applying different magnitudes of force on each piezoelectric element:

As a consequence of the different applied forces, there will be different output voltages on each piezoelectric element

After the AC / DC converter, considering a 10% reduction, we will have the following continuous voltage pulses depending on the 
different forces applied:

Considering that all the piezoelectric elements must receive the same force at the same speed and at the same time, for this matrix of 
800 piezoelectric elements a total force must be applied to the generator of:

F (N) Piezoelectric Element 1 2 3 4 5 6 7 8 9 10 12 14 16 18 20 25 30 35 40
F (kg) Piezoelectric Element 0,10 0,20 0,31 0,41 0,51 0,61 0,71 0,82 0,92 1,02 1,22 1,43 1,63 1,83 2,04 2,55 3,06 3,57 4,08

F (N) Piezoelectric Element 1 2 3 4 5 6 7 8 9 10 12 14 16 18 20 25 30 35 40
V (V) 226,35 452,71 679,06 905,41 1.131,77 1.358,12 1.584,47 1.810,83 2.037,18 2.263,53 2.716,24 3.168,94 3.621,65 4.074,36 4.527,06 5.658,83 6.790,60 7.922,36 9.054,13

F (N) Piezoelectric Element 1 2 3 4 5 6 7 8 9 10 12 14 16 18 20 25 30 35 40
Vji,i (V) after AC/DC 203,72 407,44 611,15 814,87 1.018,59 1.222,31 1.426,02 1.629,74 1.833,46 2.037,18 2.444,61 2.852,05 3.259,49 3.666,92 4.074,36 5.092,95 6.111,54 7.130,12 8.148,71

F (N) Piezoelectric Element 1 2 3 4 5 6 7 8 9 10 12 14 16 18 20 25 30 35 40
F (kg) Piezoelectric Element 0,10 0,20 0,31 0,41 0,51 0,61 0,71 0,82 0,92 1,02 1,22 1,43 1,63 1,83 2,04 2,55 3,06 3,57 4,08
F (N) Piezoelectric Generator 400 800 1.200 1.600 2.000 2.400 2.800 3.200 3.600 4.000 4.800 5.600 6.400 7.200 8.000 10.000 12.000 14.000 16.000
F (Kg) Piezoelectric Generator 40,77 81,55 122,32 163,10 203,87 244,65 285,42 326,20 366,97 407,75 489,30 570,85 652,40 733,94 815,49 1.019,37 1.223,24 1.427,12 1.630,99
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The force application rate should be that which provides an output current in each piezoelectric element of 4.5 mA.

The Voltage output and current output of our piezoelectric generator is:
Vout = Vji,i x j
Iout = Iji,i x i
Pout = Vout x Iout

EXCEL FILE OF TESTS TO BE DONE:

F (N) Piezoelectric Element 1 2 3 4 5 6 7 8 9 10 12 14 16 18 20 25 30 35 40

F (kg) Piezoelectric Element 0,10 0,20 0,31 0,41 0,51 0,61 0,71 0,82 0,92 1,02 1,22 1,43 1,63 1,83 2,04 2,55 3,06 3,57 4,08

F (N) Piezoelectric Generator 400 800 1.200 1.600 2.000 2.400 2.800 3.200 3.600 4.000 4.800 5.600 6.400 7.200 8.000 10.000 12.000 14.000 16.000

F (Kg) Piezoelectric Generator 40,77 81,55 122,32 163,10 203,87 244,65 285,42 326,20 366,97 407,75 489,30 570,85 652,40 733,94 815,49 1.019,37 1.223,24 1.427,12 1.630,99

Iji,i (A) Piezoelectric Element 0,0045 0,0045 0,0045 0,0045 0,0045 0,0045 0,0045 0,0045 0,0045 0,0045 0,0045 0,0045 0,0045 0,0045 0,0045 0,0045 0,0045 0,0045 0,0045

Vji,i (V) Piezoelectric Element 203,72 407,44 611,15 814,87 1.018,59 1.222,31 1.426,02 1.629,74 1.833,46 2.037,18 2.444,61 2.852,05 3.259,49 3.666,92 4.074,36 5.092,95 6.111,54 7.130,12 8.148,71

Iout (A) 0,09 0,09 0,09 0,09 0,09 0,09 0,09 0,09 0,09 0,09 0,09 0,09 0,09 0,09 0,09 0,09 0,09 0,09 0,09
Vout (V) 4.074 8.149 12.223 16.297 20.372 24.446 28.520 32.595 36.669 40.744 48.892 57.041 65.190 73.338 81.487 101.859 122.231 142.602 162.974

Pout (W) 367 733 1.100 1.467 1.833 2.200 2.567 2.934 3.300 3.667 4.400 5.134 5.867 6.600 7.334 9.167 11.001 12.834 14.668
Pout (KW) 0,37 0,73 1,10 1,47 1,83 2,20 2,57 2,93 3,30 3,67 4,40 5,13 5,87 6,60 7,33 9,17 11,00 12,83 14,67

PIEZOELECTRIC GENERATOR OUTPUT



145

8.5.

SERVO PRESS
REQUIRED

TO
PERFORM THE TESTS
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1.- SERVO- PRESS.

We need to apply efforts of up to 16.000 N (1.630,99 Kg) at high speed, in the form of high frequency pulses (Simulating the shock 
absorber of a car but with control of force and speed of application of force). Characteristics:

1.1.- Force adjustment in 100 N intervals from 0 N to 20.000 N

1.2.- Speed adjustment of effort application (Need to apply forces at high speeds)

The prototype will have the 2 following parts:
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9.2.- ABSTRACT, FIGURES AND CLAIMS

The piezoelectric generator system (100) comprises at least one piezoelectric generator unit (650) 
comprising an array (400) of piezoelectric modules (Mji,i) each including a piezoelectric element 
(Eji,i) and a AC/DC converter (Cji,i). The piezoelectric modules (Mji,i) in the array (400) are 
connected to each other in series and they are each arranged in sets (i) connected to each other in
parallel. When dynamic loads (F1, F2.. Fn) act on the piezoelectric generator units (650), said loads 
(F1, F2.. Fn) are adjusted such that a predetermined amount of force (F) is applied with a 
predetermined speed to the piezoelectric modules (Mji,i), such that the array (400) supplies high 
electric power (Pout-tot) to one or more batteries (250) in, for example, an electric vehicle (1000), 
with each battery (250) being capable of working in at least storage, standby and supply
conditions according to the corresponding electric power level thereof.
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CLAIMS

1 - A piezoelectric generator system (100) comprising at least one piezoelectric generator unit (650), 
each generator unit (650) comprising:

an array (400) of piezoelectric modules (Mji,i), each of said piezoelectric modules (Mji,i) 
comprising a piezoelectric element (Eji,i) and an alternating current/direct current converter 
(Cji,i) for converting alternating current generated by the piezoelectric element (Eji,i) into 
direct current;

the array (400) of piezoelectric modules (Mji,i) comprising a number of sets (i) of said 
piezoelectric modules (Mji,i), each of said sets (i) electrically connected to each other in 
parallel;

the sets (i) of piezoelectric modules (Mji,i) comprising a number (j1, j2, … ji) of piezoelectric 
modules (Mji,i) electrically connected to each other in series;

the array (400) being intended to supply electric power (Pout) when said piezoelectric 
modules (Mji,i) are mechanically driven by at least one dynamic load (F1, F2.. Fn) such that 
an electrical voltage (Vout) in each set (i) of piezoelectric modules (Mji,i) is substantially the 
same;
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an input force control device (700) for controlling said dynamic loads (F1, F2.. Fn) such that 
only a predetermined amount of force (F) with a predetermined speed of application acts on 
the piezoelectric modules (Mji,i) such that a predetermined electric power (Pout) is supplied 
by the
piezoelectric generator unit (650); and 

said input force control device (700) comprising an activation plate (750) for evenly 
distributing the predetermined force (F) acting on the piezoelectric modules (Mji,i) such that 
they all receive substantially the same predetermined force (F), substantially at the same 
moment and substantially for the same time; and a damping element (760) suitable for 
damping the dynamic load or force (F1, F2.. Fn) so as to protect the piezoelectric modules 
(Mji,i).

2 - The piezoelectric generator system (100) according to claim 1, wherein it further comprises an 
electric power storage and supply device (200) comprising at least one electric power storage and 
supply unit (250), at least one of said units (250) being capable of working at least in a first, storage 
condition, capable of storing electric power, and in a second, supply condition, capable of
delivering electric power.

3 - The piezoelectric generator system (100) according to claim 2, wherein it further comprises an 
output control device (800) for receiving the electric power (Pout) coming from all piezoelectric 
generators (650) and supplying said electric 10 power (Pout) to said electric power storage and 
supply device (200).
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4 - The piezoelectric generator system (100) according to any of the preceding claims, wherein 
the electric power (Pout) is proportional to a height (h) of the piezoelectric elements (Eji,i), an 
area (A) of the piezoelectric elements (Eji,i), and a voltage constant (g33) of the piezoelectric 
elements (Eji,i) in each piezoelectric generator (650) where the dynamic loads (F1, F2.. Fn) are 
acting.

5 - The piezoelectric generator system (100) according to any of the claims 2-4, wherein it further 
comprises a charge status monitoring device (600) for monitoring at least one of the charge 
status and the operating condition of at least one of the electric power storage and supply units 
(250).

6 - The piezoelectric generator system (100) according to claim 5, wherein it further comprises a 
switching device (300) associated with the charge status monitoring device (600) for switching 
between said storage and supply conditions of the power storage and supply unit (250) 
depending on the charge status thereof.

7 - The piezoelectric generator system (100) according to claim 6, wherein the switching device 
(300) is adapted for automatically switching between said storage and supply conditions of the 
power storage and supply units (250) depending on the charge status thereof.

8 - The piezoelectric generator system (100) according to any of the preceding claims, wherein 
the damping element (760) in the input force control device (700) is at least one selected from a 
mechanical, pneumatic, hydraulic, and magnetic element.
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9 - The piezoelectric generator system (100) according to any of the claims 2-8, wherein the 
electric power storage and supply unit (250) is capable of working at least in a third, standby 
condition, where no electric power (Pout) is stored and no electric power (Pout) is delivered.

10 - The piezoelectric generator system (100) according to any of the claims 2-9, wherein the 
time taken by an electric power storage and supply unit (250) for being fully charged is shorter 
than the time taken by an electric power storage and supply unit (250) for being discharged when 
electric power is delivered.

11 - The piezoelectric generator system (100) according to any of the claims 2-10, wherein the 
electric power storage and supply unit is a battery (250).

12 - An electrical system including the piezoelectric generator system (100) according to any of 
the preceding claims as a power source.

13 - The electrical system according to claim 12, wherein the piezoelectric elements (Eji,i) of the 
piezoelectric generator system (100) are driven by at least one dynamic load (F1, F2.. Fn) 
generated from at least one moving part of at least one of an electric vehicle and electric 
machine.
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14 - The electrical system according to claim 13, wherein the piezoelectric generator system 
(100) is adapted to be mounted at a location of an electric vehicle selected from at least one of: a 
bottom of a shock absorber where it is connected to vehicle steering, between a shock absorber 
spring and a shock absorber spring lower support, between shock absorbers and suspensions,
between the motor and a motor locking system, between suspensions and a vehicle body, 
between a vehicle frame front axle and a vehicle body, between a vehicle frame rear axle and a 
vehicle body, and under seats of a vehicle.

15 - The electrical system according to claim 12, wherein the piezoelectric generator system 
(100) is driven by at least one dynamic load (F1, F2.. Fn) generated from forces of the nature 
such as the water or the wind.

16 - The electrical system according to claim 12, wherein the piezoelectric generator system 
(100) is driven by at least one dynamic load (F1, F2.. Fn) generated from any vehicle, people or 
animals moving on a ground.
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