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The Structure of the Electromechanical Converter
and Its Integration in Apparel
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Abstract. The research is dedicated to the investigion of the
structure of the energy harvester with planar struc¢ure and its
integration into the clothes. Electrodynamic convertr consists of
the set of flat, spiral-shaped coils and a block-stped permanent
magnet. During the human motions the generator eleents move
one relative to another and induce the pulses of itage [2]. In
order to increase the generator capacity, on the &ectory of the
magnet movement several in series connected coilgedocated.
Experimentally provides that the generated power reches the
maximum at the ratio of coil's diameter D and the éngth of the
magnet L, L/D is in interval 1.25 - 1.5 and the distace between
the coils is equal to D / 2. By optimization of cal and magnet
dimensions the mean power of into the jacket integted
prototype about 0.2 mW is obtained. With the planar coil
geometry the generator minimal volume and occupiedpace are
achieved, therefore power density of generator (al 1.8
mW/cm3) is higher than that proposed by other resaahers [4],
and it is suitable to be fully integrated into clohing.

Keywords — smart clothes, human motion energy hanster,
electrodynamic converter, wearable energy sources

INTRODUCTION

Scientific and technical progress has changed wiggly
even the shapes and forms of the most usual thiFeghion
industry is not an exception to the influence fhamge. From

mobile phones to laptop computers, society has rbeco

increasingly dependent on portable electronic é=v[8]. The
accelerating process of integration and miniattiora of
electronic units and components enables to obtain
electronic system which is completely

integratedto in

mass in batteries is limited, that is why thereaisrade-off
between device power consumption, battery weightl an
duration of operation. Furthermore, the use of does
imposes an obligation on the wearer to replacerantarge
them periodically. This, in turn, makes hermetic all
integrated systems difficult or even impossible.

Nowadays the examination of alternative sourcesnaefrgy
is one of the most topical and high-demand direstiof
scientific research. The conducted researchesmezdirst of
all at creation of new technologies, which wouldopde
compact sizes of power resources with a biggerggreutput
ratio, as well as their ecological compatibility darcost
effectiveness.

There is a topical research on using garmentsarrdke of
autonomous power generators that provide energy for
portative electronic devices of the user. At présbare are a
number of alternative power resources for portabdetronic
devices such as chemical power elements, fuel etne
thermogenerators, piezoconverters, and converteksnetic
energy into electrical energy.

Human power is an alternative and attractive ensayyce.
In the recent years devices that are suitable &rerating
microwatt energy from usual human motions arouseving
interest [3, 7]. Energy that is generated duringtine and
seemingly insignificant human motions can rechavgarable
electronics. Earlier on there were proposed a nundfe

evices that produce power using the efforts oir thevner.
Examples of these devices include hand crank aoyclei

garments and accessories, in certain cases eveer{sopply generators as well as wind-up flashlights, radimsd cell

sources can be interwoven into the garments [4].

At the present moment portable devices possess h

calculating resources that are enough for
performance of miscellaneous complicated tasks tfair
owners — communication and connection,
identification, route navigation, safety assuranmenitoring
of biological health, upholding of comfortable cdamah for
the user. Built-in microdisplays, video camerasyspeal
communication devices, integrated equipment foa datrage
and operating, transducers and indicators — aliettgevices
provide a wide variety of applications: communioatiand
connection, military purposes, medical science audblic

health service, sports, fashion, personal safetyraace, etc.

Wearable electronics, as well as garments and sades
must be comfortable in use and wearing.

Rechargeable accumulators or batteries almost sixely
provide power for wearable electronics, the engugy unit

&
LR}_ggether

autonsmo

person

phone chargers [6]. But most of them have signitica
wbacks — they demand special attention from uber,

with  performance of sometimes rather

unconventional and unnatural for a human beinganstithus

(Lj'wwiting the time available to produce power andisequently
t

e amount of useful energy that can be generated.

It is known that there are already discovered aaigmqied
smart clothes and other accessories, with integjratwver
generation systems, such as energy-harvesting
biomechanical energy harvester, energy harvestaukpgack
[5, 10-12]. The prototype devices also use a pientrc
crystal, capacitors with variable capacity and mgwinagnet
and coil system [3, 7]. The main disadvantage a #fl these
objects are three-dimensional and therefore canbet
integrated into apparel as each item of the apmanasists of
two-dimensional parts.

shoe,
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Fig.1. The average power of harvester vs coil diami@ magnet lengths, D/L#,

magnet with double magnetic field structure Nr.34G=mm.

At Riga Technical University a mechanical
harvester has recently been developed for
electricity during human walking [2]. Our devicesha planar
structure. Electrodynamic converter consists of, fipiral-
shaped coils and a rectangular or an arc-shapedahaand
all elements can be deployed on a variety of ahgthitems.
During the natural human motions the generator efgm
move in relation to one another and induce the gsulsf
voltage inside the flat inductor.

The objective of the present investigation is
optimization of the electrodynamic human motion rgge
harvester with a planar geometry and to integragerserator
into a garment.

EXPERIMENTAL

The data on generator construction, the first figdiof the
research on the generator optimization, as wethasnalysis
of a generator location in the smart apparel warklighed
earlier. [2, 9]

Within the framework of the research, a number
experiments were devoted to the optimization of
electromechanical converter and the prototype testto
walking at a different speed.

Optimization of the Generator

Principle of electromechanical converter operatiom:
permanent magnet, moving parallel to the planehef ftat
coil, without crossing it, creates an alternatinggmetic field
flux, which is required for the induction of an ei@motive
force.

Experimentally the no-load voltage and voltage dvopthe
resistive load were measured. To get the maximailepothe
resistance of the load was equal to the resistahdhe flat
coil.

b

— for magnet No.1 L= 8 mm; ,x" - for magnet NoL.220 mm, ,A” — for

energwith size Z15x40 mm (magnet No.3) and the remanence of
gengratimagnetic field correspondingly 0.37 T, 0.1 T an@60T. The

diameter of the flat coils was from 4 mm (8 windihgp to 80
mm (158 windings). The maximum of generated povear f
both block-shaped magnets were observed at vese diiL
ratio; D/L=1.5 for the magnet No.1, D/L=1.75 foetmagnet
No. 2 and D/L=0.625 for the arc-shaped magnet No. 3

The performance of the device at maximum power
developed was characterized by the following patarse

the the average power (the pulse generated energyediviy

the duration of the pulse);

the volume density of the power (the average palieded
by the volume of the coil and magnet);

efficiency (the energy generated as the part of neag
motion energy, per cent).

The numerical data of harvesters are shown in Thble

The power developed by the harvester with a planar

structure is strongly dependent on the charadiersites of
the coil and moving magnet. The dependence of ¢veldped
power on the ratio of coil diameter D and the léngf the
magnet L, D/L is shown in the Figure 1.

TABLE |
THE PERFORMANCE OF FLAT COIL HARVESTERS WITH DIFFERENT MAETS
Magnet | Size, Remanence, | Number of
of mmxmmxmm T windings
Ro. 1 3x5x8 0.37 26
No. 2 5x10x20 0.1 72
No. 3 2x15x40 0.26 50
Average power, | Density of | Efficiency, %
mw power, mW/cnt
No. 1 0.267 1.82 1.8
No. 2 0.113 0.1 0.4
No. 3 5.24 4.01
1,1x10° 4
= 10x10°
= .
% 9,0x10" L] [ ]
o
o .
© g ox10* . . - "
g . "
<
7,0x10*
6,0x10™ L

Experiments were done using two block-shaped magnet

with size %5x8 mm (magnet No.l) ankE0x20 mm (magnet Fig. 2. The average power of harvester vs distdratween the coils for coil
diameter D=2.5 cm

No.2) andone arc-shaped with double magnetic field structure
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Fig. 3. Jacket with the electrical generator. Thehown in Figure 1.: a - set of flat spiral sbajoils, b - location of the inductive elements, location of the

magnet, d — permanent magnet

The performance of generator also depends on #ientdie
between edges of the coils, as shown in Fig. 2.

Taking into account that for locating the coilsedatively
plain (even by motion) section of garment was ndedeere
was defined the place for locating the coils on filomt part
(pocket area) of jacket, the size of which is abd@®
centimetres in length. On a section of such leitgthpossible
to locate three coils with diameter 2.5 cm andagtisé of 1 cm
between the coils.

Main Structure of the Generator inside the Protetyp

Electrodynamic human motion energy harvesters iated
into the jacket contain two parts:

Set of flat, spiral-shaped coils consists of thgeeups of
coil with identical/same direction of winding turnshich are
connected in series with distance between the obils cm.
Each coil group consists of five layers, placed ameo
another with insulating layer in between of flatlsownith a
diameter of 25 mm and the number of windings 5@&n&i
coils are made of copper wire (diameter 0.22 mm).

The second part of generator is lightweight, smail-

Test of the Prototype — Walking at Different Speed

At the same time, there are two generators intedratto
the jacket — on the right and left sides. The pyp® was
tested by a wearer during the process of walkindiféérent
fixed speeds: 3, 4.5 and 6 km/h which corresponglaowv,
normal and quick walking of a middle-aged man. (Bieg4.).
The power of the generator was registered in twaleso
induced electromotive force (as no-load voltage)d an
maximum power (using the load with resistance, Wwhis
equal to the coil resistance) mode.

By means of digital oscilloscope Picoscope 220%reh
were fixed voltage pulses, formed by the generatoesistive
load. Load resistance was equal to the total eesist of coils
— a condition for the development of the maximunveio The
voltage generated on the load resistor vs. timendurine full
motions of the magnet along the coil is shown muFe 5.

Having known the meanings of voltage during the
movement there was calculated the produced enargy by
dividing it into the time of motion — average powdrhe
numerical data of harvester relevant charactesistic the

shaped and strong neodymium (Nd) magnet with doubéverage and maximum power for the full walk cyclke a

magnetic field structure.

The volume of the generator (coils + magnet): abbgt
cm’® and its mass — 45 g.

Generator Location in the Smart Jacket

See Figure 3 for the information on a generatoatioo in
the energy generating smart "full energy" jacket.

Placement of the magnet maximally low inside as&esnd
placement of a set of coils on the front part of facket
(pocket area) assure movement of the magnet ah#éxénum
speed possible during human motion against locatifothe
coils, as well as
electromotive force induced by coils.

Location of the generator details and a numbeoifi@yers
are found by an experimental approach. All the timss of
generator parts inside the garments were optimizeihg the
process of walking in order to achieve exact ttajgc of
motion of the magnet that would pass through theres of
magnetic coil.

corresponding maximum possible

shown in Table II.

Fig. 4. Test of the prototype
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Fig. 5. Generated voltage pulses at the motiondspé® km/h. The full motion/walk cycle - the peati@f double step — is formed for each arm from both
forward and reverse movements

TABLE Il
PROTOTYPE IN USE- DEVELOPED POWER
Speed of Steps in 1 min Maximal power, mW
motion
3 km/h 80 3
4.5 km/h 103 14
6 km/h 115 10
Mean power (through 1| Mean density of
min of walking), mW power, W/cn?
3 km/h 0.05 7.59E-06
4.5 km/h 0.11 1.59E-05
6 km/h 0.21 4.08E-05
Average power * absolute | Relative error, %
error, W
3 km/h (3.70+1.66)E-05 45
4.5 km/h (7.75%+1.97)E-05 25.5
6 km/h (19.9+1.96)E-05 9.9

Repeatability of parameters
movements during walking is not absolute: the moxeis

have some variability.
There was observed some asymmetry of pulses ca@thech owth of generated power, while a negative valite-loss

with the trajectory of sleeve movement. It was obsé that
during the movement of sleeve forward the trajectof

in successive cycles

On the left side in the induced electromotive fofas no-
load voltage) mode, alternatively one after anotiere are
tested generators with 5-layer and 4-layer spinapbsd
inductive elements at the speed of motion 4.5 km/h.

The generated power modified by changing 4-layers-t
layers coil inductive elements was characterized thg
following parameters (see Table Ill):

-the average power;

-the volume density of the power;

-the volume of the generator;

-the ratio of growth/loss generated pow#P] is possible to
calculate as the difference between the power efabd 4-
layer generators divided by the power of a 4-layeerator or
as the difference between the power of 4 - andyé&rla
generators divided by the power of a 5-layer gdanera
Of The coefficient ofAP allows estimating the variation of the
generated power by changing 4-layers to 5-layerd co
inductive elements. A positive value @P indicates the

of generated power. The coefficient is positive aagial to
0.23; hence, there is a power growth of 5-layeregator

magnet is maximally close to the coils, while dorin gjative to the 4-layer generator. Further increasethe

movement of sleeve backwards the magnet is furdiveay

number of layers of this type of clothing is notvizdble,

from them. Presumably it is connected with indidbu pecause it changes the appearance of clothing.
dynamic stereotypes of motion.

Maximal instantaneous power 14 mW is observed at th

speed of motion 4.5 km/h, and maximal mean pow&t W
at the speed of motion 6 km/h. This is definitedlated to the
wearer's optimal walking speed, which is an indiad
parameter, as well.

The estimated statistical error determines theilgtabf the
hand movement during human walking and, as a coes®e,
defines the stability of generator operation. Maadirelative
error 45% is observed at the speed of motion 3 krard
minimal relative error 9.9 % at the speed of motidtm/h.

126

TABLE I
THE CHARACTERISTICS OF HARVESTER WITH DIFFERENT INDUCTIVE
ELEMENTS
Inductive | The volume of Average Density AP
element the generator power, W of power,
(coils + mW/cm?®
magnet), cm
4-layers 4.0 2.25E-09 5.63E-10 -0.19
5-layers 48 2,7848E-09 | 5,80E-10 0.23
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Additionally the work of generator was tested irseaf
human unsymmetrical posture (unbalanced walkingprcat

RESULTS AND DISCUSSION
Earlier initiated converters of mechanical energgrev

the speed of 4.5 km/h. The power of the generatas Wcreated as three-dimensional installations. Thisstaction is

registered at maximum power (using the load witlistance,
which is equal to the coil resistance) mode. Hunvaftking is
characterized by symmetry of rhythmical and altémea
movements of the left and the right sides. By wep@a brief
case weighing 6 kg on the left shoulder or in #ifé thand the
effect of unsymmetrical posture is achieved.

Statistical power analysis and generated power twhias
produced by the right hand motion during the presce$
walking at different postures are shown in Table IV

TABLE IV

GENERATOR OPERATING PARAMETERS AT A DIFFERENT MOVEMENSPEED
Posture/ human motion types Average

power, W
normal posture/ natural movement 7.75E-05
unsymmetrical briefcase in the left hand 9.48E-05
posture/ unbalanced
walking action briefcase on the left shoulder 3.55E-05

The largest, as well as the smallest value of pamergy is
achieved during testing when subjects stand up \sith
asymmetrical posture.

From the analysis of the dynamic equilibrium itkisown
that the right disposition of gravity centre infhoes the
balance and posture. During motion the point ofidyecentre
of a person is continuously moving against the haedjle the
body parts (corpus and extremities) change thspatiition in
the spacei].

not suitable for integration into clothing.

The investigated generator can be used as a mahde
ecologically clean source of energy, easy in use Baot
changing substantially visual properties of texsteuctures,
its sizes or weight.

Weight of the energy harvester is insignificantetation to
the weight of the product, and it provides the saaginess of
motion as garments without an installed energy geoe

The offered generator has several advantages:

Coil of electrodynamic energy harvester is perfanas a
spiral-shaped with planar geometry, and a smait, fiagnet
provides minimal volume, weight and occupied splygehe
harvester. Thanks to these properties the harvester
completely integrated inside the garments withtwainging its
shape or outer appearance.

The generator with the flat coil does not need tialukl
volume for magnet motion as it is located in aetiht part of
garments, one of which is moved against the otheingd the
process of walking, and therefore can be implenteatmost
in every garment.

Elements of the construction of the energy harvest not
united under one frame and can be located almostvémy
garment,
executed, along with the choice of the suitablee sénd
number of coils. When compared to other investigeti4] on
power density (from 0.8 to 0.07 mW/cm3) of differen

In this experiment when a person is carrying a $i€a\onstructions of harvesters, the supposed powssitgeof the

briefcase in the left hand or on the left shoulderadditional
displacement of the gravity centre takes place,faniieeping
vertical balance and maintaining evenness and $mes$ of
walking the person has to deviate and to producegeent
compensatory movements with the free right hand.

More specifically, in case when the briefcase igha left
hand, the left shoulder is displaced downwards,ofamare
displaced to the right, and the common gravity eeof the
person and the cargo deviate to the left. In otdeeturn the
previous position of the gravity centre and to oest
equilibrium the person is forced to deviate to tigiat, and as
a consequence the distance between the right fearatahe
free right hand is becoming shorter. And the vaitielectric
potential is increasing (See Fig.6.).

In case when the briefcase is on the left shoultles,
common gravity centre of the person and the cargo
displaced to the right, the left shoulder is dispth upwards
and the position of the femora displaces to thie Téfe person
has to deviate to the left and to put aside the fight hand in
order to return the former disposition of the gtawentre and
to restore equilibrium. In that case the distaneavben the
body and the free right hand is growing. And théueaof
electric potential is reducing. That correspond$ whe earlier
determined dependence of electric potential ondiséance
between the coil and the magnet, when the disthebseen
the coil and the magnet is shortened, and elettpictential
and power are growing.

present harvester (up to 1.8 mW/cm3) is highethasplanar
structure and direct use of sleeve movements (witlamy
actuators) do not demand additional space for ngpihe
magnet against the coil. The harvested energy asigin for
supporting the work of watches or different ingdllsensor
nodes.

The disadvantage of the present harvester in itst fi
prototype is a rigid magnet inside the sleeve, wipeferably
could be substituted with flexible/elastic one.

It would be reasonable to investigate the charaties of
using an energy generator in other types of garsnemd
accessories. In Table V several examples of passglaces
are provided for locating a magnet and coils.

TABLE V
PLACES OF LOCATING A GENERATOR INSIDE APPAREL AND ACCESRIES
Location of flat spiral shaped Location of magnet
coil
Patch-pocket
Bag

a

Sleeve/cuffs
Side seartrousers
Belt bag Sleeve/cuffs
Inner seam trousers Inner seam trousers

There is a need to carry out investigations in ftekl of
protection of generator details against unfavowraiipact of
laundry process.

It is also necessary to consider the opportunity of
integrating the flat coil into apparel as the elemef
decoration.
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where the above-mentioned conditions can b
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Fig.6. Generated voltage pulses at the motion spedds km/h for different posture (balanced antalanced walking action), where a — unbalanced inglk
action: a briefcase in the left hand, b — unbaldnealking action: a briefcase, on the left shoullebalanced walking action without any load.

8l

T. Starner, J. Paradiso: Human generated powenétnile electronics.

CONCLUSION

The possibility to integrate the electrodynamic kaom
motion energy converter with a flat architecturd@oirthe
clothes is considered in the paper.

The generated energy can be used for running difter
integrated sensors and/or can be stored for |atayal

The insertion of the coils is achieved without an
deformation of the fabric of jacket; the positiohtiee coils in
practice is not visible from the right side of fhrduct.

Due to flat planar geometry form of the coil, motiof
elements and parts of garments can be used diréatly
generator operation.

ACKNOWLEDGEMENT

This work has been supported by the European SBaiadi
within the project “Establishment of interdisciity research
groups for a new functional properties of smarttitex
development and integrating in
Nro.2009/0198/1DP/1.1.1.2.0./09/APIA/VIAA/148.

* X %
MesF T
[/ ] INVESTING IN YOUR FUTURE * by
EIROPAS SOCIALAIS * 5k
FONDS

EIROPAS SAVIENIBA

REFERENCES
[1]

®usnonorus yenoseka. [lon penakumeit B. M. ITokposckoro, I'. .
Kopotsko HMznarensctBo: Meauumna 656 ctp. Cepust: YueOHas
uTeparypa JJis CTYIEHTOB MEeJULMHCKUX BY30B ISBN 5-225-04729-7,
2007r.

J. Blums et al., The Electrodynamic Human Motioretgy Converter
with Planar Structure, Advanced Materials Reseavoh,222, 2011, pp.
36-39.

R. Elfrink, et In: Proceedings of the powermems ksbpp, Sendai;
November 10-11, 2008. p. 249-52.

P.D. Mitcheson et al., “Energy harvesting from hanand machine
motion for wireless electronic devices” Proceediofjthe IEEE, vol.96,
No. 9, (2008) p. 1457-1486

L.C. Rome., et al., Generating Electricity While Mitag with Loads,
Science, Vol. 309 no. 5741, 2005, pp. 1725 - 12085%).

Paradiso JA, Starner T: Energy scavenging for tecéhd wireless
electronics. |IEEE Pervasive Computing 2005, 4:18-27

C.R. Saha et al. Electromagnetic generator for dstivg energy from
human motion / Sensors and Actuators A 147 (2008)-253

(2

(3]
(4]

(5]
(6]
(7]

128

innovative prodycts

In Low-power electronics design. EditedbyPiguetCoc&Raton:

CRCPress; 2005

G. Terlecka, A. Mlumsone, J. Bims The Electrodynamic Human

Motion Energy Harvester in Smart Clothes // 150 rge Research and

Innovation in Textile Science: Book of Proceeding®l.2, Francija,

Mulhouse, 8.-10.1dnijs, 2011. - 866.-870. Ipp.

Y.Garcha Bionic energy harvester design trials ¢oconducted with

soldiers http://www.bionic-power.com/

11] J. Paradiso Energy Harvesting for Mobile  Computing
http://www.dcu.ie/chemistry/asg/Workshop/EnergyHestingforMobile
Systems-JParadiso.pdf

[12] A.Schwartz Japanese Company Develops Electricitye@ging Shoes
http://cleantechnica.com/2008/10/16/japanese-comdamelops-
electricity-generating-shoes/

19

[10]

Galina Terlecka, Mg.sc.ing., Doctoral student, Researcher

Since 2009 - Doctoral student. Textile and clothiaghnology. Institute of
Textile Materials Technologies and Design, Rigahfécal University, Latvia
2007 — Engineer of Clothing Technology and - 200@laster's Degree in
materials science, Riga Technical University, Rigéitle of thesis
"Identification and 3D Visualisation of Women Bodlypes".

Since 2007 - Assistant and - 2009 Researcher ientfic work at Riga

wTechnical University, Institute of Textile Mateigalechnologies and Design.

Main activities and interests: CAD/CAM systems imoguct design,
innovative textiles and technologies.

Riga Technical University, Institute of Textile Maials Technologies and
Design,14-121Azenes Str., Riga, LV-1048, Latvigalina.terlecka@rtu.lv

Juris Blums, Dr.phys., Associate Professor

Juris Blums graduated from the University of Latinal992 as physicist, in
1997 obtained Dr.phys. from the University of Latviitle of thesis “Laser
Induced Centres in Silicon”.

J.Blums was a guest scientist at Tallinn Techrit@lersity (Estonia, 2000),
University of Essen (Germany, 2001-2003) in experital physics. Since
2003 — asoc. prof. at Riga Technical Universitystitlmte of Technical
Physics.

Fields of scientific interests — semiconductor fptg/slaser-matter interaction,
elaboration of energy harvesting and scavengingdsyv

Riga Technical University, Institute of TechnicadlyBics, 14/24-322, Azenes
Str., Riga, LV-1048, Latvia, phone +37129774351ni@ot information: e-
mail: blum@latnet.lv , phone +371 29774351, fag7t 67089074.
blum@latnet.lv

Ausma Vilumsone,Dr.sc.ing., (1993 RTU) Professor

Head of the Institute of Textile Materials Techrg&s and Design, Head of
the Department of Clothing and Textile Technologies

Development and optimization of garment design netdyical process,
CAD/CAM systems in product design, innovative miaisrand technologies
Riga Technical University, Institute of Textile Maials, Technologies and
Design, Riga Technical University, 14/24-319, Agerstr., Riga, LV-1048,
Latvia, phone +371 67089565,

ausma.vilumsone@rtu.lv

ligvars Gornevs Bc.Sc.ing., Master student, Electronics Technician
2010 - Bachelor's Degree, Riga Technical Univerdriga. Title of thesis
“Power Supply for Portable Electronics”.



Scientific Journal of Riga Technical University
Material Science. Textile and Clothing Technology
2011

Volume 6

Institute of Radioelectronics, Riga Technical Umsity, 12—322, Azenes Str., mylifes@inbox.lv
Riga, LV-1048, Latvia, phone +371 67089245,

GalinaTerlecka, Juris Blims, Ausma Vlumsone, ligvars Gomevs. Mehanoelektrisla enegijas parveidotaja strukt iira un integreSana aggerba

Petijuma nerkis ir optimizt enegijas parveido@ja strukfiru, ka am iestiadat apserba enegijas parveidoju un testt generatora datbu aggerba. Fetjumu laika
ir izveidots enefijas parveidogjs ar plakanugeometriju, kas sa®t no plakaniem, spifveida indukcijas elementiem un taisirst pasiviga magrtta vai
lokveida maggta ar dubultu maghtiska lauka struldiru, kas ir pilnba integejams agierba elementos, kuri kustas viens gar otru,gkidm kustoties. Magam
kustoties gar indukcijas elementu,atéigk indu&ts elektrisk sprieguma impulss. Lai paliefitu generatora jaudu magia kustbas trajektord, ir izvietotas
vairakas virkre savienotas spoles grupas. Izveidofajototipa (virieSa Zake) parveidogja elementi tika inte@ti Zaketes @anos un piedurki Eksperimerli
noteikts, ka engijas parveidogja darbbas efektiviite ir stipri atkaiga no attietbas starp spoles diametru - D un n@grgarumu — L un no atuma starp
spoles maim. Maksinla jauda ir nogrota pie D/L=0,625 lokveida magam ar dubultu magtiska lauka strukiiru, kad attlums starp spoles nah ir %/, D.
Optimizejot magrEta un indukcijas elementu izmus un to izvietojumu prototip videja atlsfta jauda sadtla 0,2 mW, cilgkam sdojot aratrumu 6 km/h.
lzveleta parveidolja plakaa geometrijalauj minimizt parveidogja aizemto tilpumu, samazinot tadiz elementu kapam tilpumam, kas nodrosSina
safdzinajuma ar citiem prveidogjiem augsiku jaudas bbumu (ap 1,8 mW/cf) un [auj integet parveidogija sasivddas agerba elementos bez teja
izskata izmajas. Sarazatenegija ir pietiekami liela, lai nodroSktu pulksteu un daZdu sensoru dartbu.

I'annna Tepaeuka, IOpuc baymc, Aycma Bumiomcone, Unrsap I'opueBC. CTpyKTypa MeXaHO3/J1eKTPHYECKOro nmpeoOpa3oBaTessi JHEPrHH H €ro
HHTErpanus B OACKIY

HccnenoBanne HampaBlieHO Ha ONMTUMM3ALMIO CTPYKTYPHI MPE0oOpa3oBaTess SHEPIUH C MIOCKON TeOMETpueil U TECTUPOBAHME WHTETPHPOBAHHOTO B OACKIY
reneparopa.  Pa3paOoTaHHbIif TIpeoOpa3oBaTeNb IHEPTHH, COCTOMT W3 TPYMIbl TUIOCKUX, CHUPAIBHBIX WHIYKTUBHBIX 3JIEMEHTOB M TOCTOSHHOTO
NPSAMOYTOJIEHOTO MarHuTa WK JIyrooOpa3HOro MarHWTa ¢ JBOMHOI CTPYKTYpOil MarHMTHOIO MOJIS, KOTOPBI IOJHOCTBIO MHTEIPUPOBAH B HACTH OJEKIBI,
KOTOpBIE MEPEMEIIAIOTCS OTHOCHTENBHO JIPYT Apyra BO BpeMs ABIDKEHHs denoBeka. [Ipy JBIDKEHMM MarHWTa BAOJNb WHAYKTUBHBIX 3JIEMEHTOB MHAYLHPYETCS
JNMEKTPUUECKUIT UMITYJIbC HAMPSHKEHNS. J{/1s1 yBETMUYeHNs MOIIHOCTH F€HepaTopa Ha TPACKTOPUH JBIKCHHS MarHUTa HAXOAATCS TTOCIEA0BATEIBHO COCMHEHHBIE
IpymIsl Karymek. B skcrnepuMeHTansHOM obpasie (My»KCKOM MMDKAKE) 3JIEMEHTBI TeHEpaTopa pa3MEIEHbl Ha BHYTPEHHEN CTOPOHE pykaBa M Ha IOJIOYKE
nupkaka (061acTs kapMana). ONBITHEIM ITyTEM YCTaHOBJICHO, 4TO 3()eKTHBHOCTH PabOTHl FeHepaTopa CHJIBHO 3aBHCHT OT COOTHOILIEHUS MEXIY AUAMETPOM
karymku - D u imHOM MarauTa - L 1 TakKe 3aBHCHUT OT PACCTOSHUS MEX/IY KpasMH KaTyiiek. MakcuManbHas BBIXO/IHAsE MOIIHOCTh Habmoaaetcst npu D/L =
0,625115 1yroo6pa3HOro MarHuTa ¢ JIBOMHO# CTPYKTYPOii MATHUTHOTO TI0JIs, KOTJIa PACCTOSHUE MEKIY KpasMHU KaTymiku cocTasset Y/, D. TIpu ontumusaryu
pa3MepoB MHIYKTHBHBIX JJIEMEHTOB M MAarHUTa U MX pAcIOJI0KEHHs CPEAHss MOIIHOCTh MHTErPUPOBAHHOIO reHeparopa coctasiser 0,2 MBT npu ckopoctn
yesioBeKa B 6 kM / u.

[Tnockas reomeTpus mpeoOpasoBaTeNst MO3BOMSET MHUHAMHM3HPOBATh 3aHMMAECMYHO IUIOMAAb M 00BEM, YTO 00ECTEYMBACT MO CPABHEHHIO C JAPYTHMH
HcCleIoBaTeNAMHI G0Jiee BLICOKYIO TIIIOTHOCTh MOIHOCTH (okono 1,8 MB1/cm®) u Giarojaps ueMy BO3MOMKHO pasMelleHHe KOMIIOHEHTOB NpeobpasoBatens B
ofexkzae 0e3 m3MeHEeHHs (OPMBI M BHEIHETO BHAA OJCKAB. BbipaGaTeiBaeMOil SHEPrHM AOCTATOYHO I MOJJICPKAHUSA PaOOTBHI YacOB MM PAa3IMYHBIX
BCTPOCHHBIX JaTYHKOB.
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