WO 2012/ 032221PCT/ F12011/ 050768 1 Power col |l ector structure and nethod The
invention relates to a power collector structure according to the

pre- char asoenizzizerzipart of Caim1l. 5 The invention al SECTHIALEEIES a

nmet hod for collecting power. In many wirel ess devices, the acquisition of
power has arisen to a central position, For vibrating itens,

pi ezoel ectricity- 10 based sol utions héve been devel oped, but their
operational life-tinme is poor. MEMS has been considered a prom sing

sol uti onPower cRelREMBrsstyuctpes apdrmethadce at col | ecting power, as
such, is poor, due to their small size. 15 Also known are solutions for
coIIecting power based on the RFID-technique, but in these, the hardware
confi gur aheodinvengXpenselatekntoan pywes, c&@ﬂ&ttomsst@mccokbecting power
based on induction are_al so known, but in the nmech ﬁally extremely
testing GRFPFEARENEC LhE BiRaBRPFES t6F 1P ABSe PSS T bl F 8% fas been poor. In
gaugifig the pressure of car tires, also batteries have been used in
connection with an electric pressure sensor and its transmtter, but the

pr obl em Wheh isyeh ta osokldsicomeilg teke treaumeithgdnéed ﬁ@dlbaﬁu@ayppyﬁwacenent.
25 In this invention, a method is presented for collecting power, said

nmet hod being particularly well suited for use with car tyres. The nethod is

based onia piady Whireheiss cawsedst 0thiebtabe,i swhabna ofopower ofast ke itspre
i ntended to contact 30 the surface under the tyre is being_bent as it hits
the groul@. aTgenREaply PosAcioRd EPTt NéPpRE1Ng AiteEE t HiLRESLPE Hyrity-

vul cppi zati.Qn 1.Q14,R8 JLRneL auLkage 4@behRperer bherhali Sheldrational
life-time is poor. MEMS has been considered a promising
solution, but the MEMS-structures’ performance at collecting

power, as such, is poor, due to their small size.

15 Also known are solutions for collecting power based on the
RFID-technique, but in these, the hardware configuration is
expensive. In car tyres, solutions for collecting power based
on induction are also known, but in the mechanically
extremely testing environment, the durability of these

20 solutions has been poor. In gauging the pressure of car
tires, also batteries have been used in connection with an
electric pressure sensor and its transmitter, but the problem
with such a solution is the recurring need for battery
replacement.

25
In this invention, a method is presented for collecting
power, said method being particularly well suited for use
with car tyres. The method is based on a pin, which is caused
to vibrate, when a portion of the tyre intended to contact

30 the surface under the tyre is being bent as it hits the
ground. Typically, one end of the pin is fixed to the tyre by
vulcanization to the inner surface of the peripherial shell

of the tyre. At the tip of the pin, there is such a MEMS



of the tyre. At the tip of the pin, there is such a MEM5S WO

2012/ 032221PCT/ F12011/ 050768 2 accel erati on sensor or piezoelectric

el enent, wbi2eote/i3z22abl e to col |l ect power under i nfl uencePofi/Fitee1/050768

accel erations associated with the changes in the notion state of the tyre.
When the part of the surface of the car, tyre facing the 5 running surface
makes contact wth the road surface, a?sudden change in angle of several
tens of degrees will occur in the surface of the tyre, which change is
dependenBc6Rlekatippe SERESSUPE. PASZECLESHIFE CoR lERENER MG Chn 18nGPd e t he pi n

e oo B0z bR EY BORLLN Anal:PelieRERAL, BECFREr ALLAR LA BAY T o 10 in the

MEMS or plrezZoelectric col tor until attenuation
danpens tbeovihrtad eithMahe phangeelynsthbemptube poate odl lteet aryraccor di ng
to the invention is characterized in presented in the_ 15

characteWP?PnﬁhﬁaP?rGfOélépﬁlfurﬁécﬁontﬁgenﬁ?ﬁo&yﬁgc PEERG €8 he

'nveﬁi'OQunhEn%SsﬁQ§%%%t%%ké%d cbRtWhat whighPiegenbad shirifheethar agleidnzi ng
part of Caim I'n the power collector structure accordlng to an

enbodi neghaobet he iengédrt odnseverad tenseotfedenreelse wihidde os:@urru gindltje t hat
the intrinsic resagnance frequency,of . the power or Fuct.ur
det er ni n&Y Fﬁg 8 %%Feggﬁghc gqﬁgﬁg t&sape%% g%%% §6@6 e %f%
pressure. As a result of the change in angle, the pin bends
and starts vibrating. A periodical acceleration is incurred
10 in the MEMS or piezoelectric collector at the tip of the pin,

until attenuation dampens the vibration.

More precisely stated, the power collector according to the
invention is characterized in what is presented in the

15 characterizing part of Claim 1.

As for the method according to the invention, it is
characterized in what is presented in the characterizing part
of Claim 12.

20
In the power collector structure according to an embodiment
of the invention, it is connected to the base so rigidly,
that the intrinsic resonance frequency of the power collector
structure determines the total resonance frequency to at

25 least 50%.

The power collector structure according to an embodiment of

the invention comprises an electromechanical converter.

30 In the power collector structure according to an embodiment
of the invention, said electromechanical converter is a MEMS

converter.



The power collector structure according to an enbodi nent of the invention
conpri ses an el ectronechani cal converter. 30 In the power collector

st ruct ur evacorad2azg t o an enbodi nent of the invention, ®ar#12011/050768

el ectromechani cal converter is a MEMS converter. 3 In the power collector
structure according to an enbodi nent of the invention, the base is the

i nner surface of the periphery of a caP tyre. 5 In the power collector
structure according to an enbodi nent of the invention, the base is a shoe
or part &h ithe powgkecpdwertes| BEEVEEUIrR BRECHEWEE E6| PEcEBPOSHFgEtur e

accor di gt oan, gubadi gent , gt EQEFi?%e@BEOQnBQQPFL§%§c% %%N§3£0 el ement .
The el ect'fomechani cal”"cohAverter 0o e power col l'ector according to an
enbodi mepkrophelg bfvanteentiygeprovi ded with bias neans for providing said
converter with a bias voltage. 15 According to an enbodi nent of the

invention, said bias neans are inplenented by nmeans of a piezoelectric

el emeqt. 1y theA?%QEQ'@glﬁ%c%BrGQQQQbﬁﬁ@E akcbh@ihgvent kaNemddld Minds nMeans
20 are inplenmented by neans of a suitable naterial” couple. According to an
enbodi neptt ¢het heventéopni otthet haspowsr acshbecar pestprifsés -a pi ezoel ectric
element. 25 In the power collector structure according to an enbodi nent of
the invention, gauging electronics are integrated in the power collector.

In the pawer peakheeban estbuCtur éhacpokeirngoll@ egft ogngadiuaentre30 of the
i nvention, sending electronics are |nte%rated in the power collector.
according to an embodiment of the invention comprises a MEMS

10 element.

The electromechanical converter of the power collector

according to an embodiment of the invention is provided with

bias means for providing said converter with a bias voltage.
15

According to an embodiment of the invention, said bias means

are implemented by means of a piezoelectric element.

According to an embodiment of the invention, said bias means

20 are implemented by means of a suitable material couple.

According to an embodiment of the invention, the power

collector comprises a piezoelectric element.

25 In the power collector structure according to an embodiment
of the invention, gauging electronics are integrated in the

power collector.

In the power collector structure according to an embodiment
30 of the invention, sending electronics are integrated in the

power collector.



WD 2012/ 032221PCT/ F12011/ 050768 4 In the nethod according to an enbodi nent
of the invention, the power collector structure being connected to the base
so rigi dlwo 2ofrats2d2he i ntrinsic resonance frequency of tireTgFower/ooadsl ect or
structure determnes the total resonance frequency 5 to at least 50% In
the nethod according to an enbodi nent gf the invention, an

el ectronechani cal converter is being used as a power collector structure.
In the method according to one 10 enbodi nent of the invention, said

el ect r onB&h&hec Hetbery accerdiiada tRERB eBkeeifient of the REVRBItHAE® raccor di ng

to an emhadi KBAkL:0LohNe ABYeRllARRELEDRE! BUHATRLO! o R PEERNYY of a
car tyre i s being T8 uS6d “as “a base. In t met hod according to an

enbodi mentigatlliyhe thaventhieonintainisie aesanparce direiquensybeifnghesedwas a
base. 20 Ig t he net hod accor%%n%Fto an egbogine t of the invention, a MEMVS
el enent FPIFEFEGTWSER VS THEEs AFSFEEGESSs W& 7§ tased SSHIERESD U19%ct or .
In the neihgd aeGekrdispg .to an enbodi nent of the invention, 25 the bias
voltage is inplenmented by neans of a piezoelectric el enent. In the

met hod according to an enbodi ment of the invention, the bias voltage is

inplenen;ed %% of Lé I u g ral § :
2012/ 032351 58T Eraort) 655 oestisd 5o Al & r?o%l m%f&:tg% i %E%tongﬁ\ﬁgr%&Sdi fEht of
t he i nverflie@tromechanical converter is being used as a power
collector structure. In the method according to one
10 embodiment of the invention, said electromechanical converter

is a MEMS converter.

In the method according to an embodiment of the invention,
the inner surface of the periphery of a car tyre is being

15 used as a base.

In the method according to an embodiment of the invention,

a shoe or a part of it is being used as a base.

20 In the method according to an embodiment of the invention, a
MEMS element provided with a bias voltage is being used in

the power collector.

In the method according to an embodiment of the invention,
25 the bias voltage is implemented by means of a piezoelectric

element.

In the method according to an embodiment of the invention,
the bias voltage is implemented by means of a suitable couple

30 of materials.

In the method according to an embodiment of the invention, a

piezoelectric element is being used as the power collector.



gauging electronics are integrated in the power collector. 5 In the nethod
according to an enbodi nent of the invention, sending electronics are

i nt egr at esloiz014d3e22power col | ector. A car tyre accor dipag/rimiaesoessbodi ment
of the invention conprises a power collector according to one enbodi nent of
10 the invention. A shoe according to an enbodi nent of the invention

conpri ses a power collector according to an enmbodi nent of the invention. 15
A roller structure according to an enbodi nent of the invention contains a
power collector according to an enbodi msnt of the invention. 20 In a

met hod, c I’%I thocf%ccn%cc)fln t of t_;1or}B tthor lhveunftaf.Lcotnurl ng a
power coI ructure orne ing to the power col |l ector

struct ur@aalge_@nj)@l@a;ttrtc@lm wsed W‘@ﬁrﬁ‘@dﬂ urn &H&tﬁm&b:ﬁ@ﬂrrﬁd@ﬁ 0 an
enbodi ment of the invention. 25 In a nethod, according to an enbodi nent of
the invention, for manufacturing a power collector structure, it is formed

to besat tﬁuch&fé A th SLTRUERY 1 nQi Y @I UGHSHE 0 AGHY ARG O A

errbodl ment of the i1nvention, e acar tyre, a part of a car 30 tyre, a
rim or asenrrmblmaihecmmnudsosaeqe argtegs;ated an dHerstauctalrlect A0

2012/ 032221PCT/ F12011/ 050768 6 Remar kabl e advant ages are bei ng achi eved by
means of the invention. The invention provides an inexpensive and

mai nt enancedr @§re according to an embodiment of the invention
comprises a power collector according to one embodiment of

10 the invention.

A shoe according to an embodiment of the invention comprises
a power collector according to an embodiment of the
invention.

15
A roller structure according to an embodiment of the
invention contains a power collector according to an

embodiment of the invention.

20 In a method, according to an embodiment of the invention, for
manufacturing a power collector structure, it is formed by
attaching to the power collector structure a component to be
used presented in a method according to an embodiment of the
invention.

25
In a method, according to an embodiment of the invention, for
manufacturing a power collector structure, it is formed to be
attached as a component of such a structure, according to an
embodiment of the invention, like a car tyre, a part of a car

30 tyre, a rim, or a combination of those, a shoe, or a roller

structure.



5 pressure sensor for, for instance, a car tyre. Calcul ati ons show, that
then power exceeding 1 nWcan easily be obtained by neans of arrangenents,
whi ch poweo 20/03p22t0 10 tines nore than the power neede@CihFrzohz0wrESct roni cs
associated with a pressure sensor. One preferable application of the nethod
is 10 the nonitoring of the tyre pressure in vehicles, but the nmethod can
be used for other applications as wel | © I'n this method, we concentrate on
that, at first, energy is being stored by a sprin but, of course, it is
concelvaBB@aﬁHéblén@dg?nﬁﬁgéﬁgﬁrécbéﬂgga?pbﬁevﬁdt%3Im@am§ i idpebound to 15
ki netic ﬁ gg %f a mass. This opens up several application targets for the
nmet hod. i'ti'on to tyres, the functional principle of the nethod works
in shoes and roller nmats, for exanple, so it can be utilized in connection

with, for_exanple, snownobi | e rollers for nonitorjng the condltlon of 20
the rol | @PCoRNVRE tdRFWPERY I EE e APs LPEXPEBENR, 2e TRAESCROTS € 158 ng

exar fed piekld.e ahdoof adhe eehodizeahoexarples agew.dida o dhiedd gures.

in which 1, 1na k di agram shows a power col | ector accordi ng
to the i Ishewt,l cthatFnt@enZPQIwm ekneeldllmk ldmélgicam efskily. be ioptegmedet ai |,

and 30 F'% 3 shows .an _enbodi nent inventi.on_in coq e%plon wth a car
tyre. ME 28??P63€52fﬁéﬁPﬁf?ﬁffFo5H?é§ 7PRX8Sr&|n§ﬂ; 3 1750 i%nple of

an enboditremnt tok @oReweheedlelde Ok hatedkeditigntie st k& slo@\i@rt@domct@nwi ses a
power CO?&%%%%&els%%ggist%%etgfz%%%%%%gl%%pll%%%%%g ; %E%F%ggiégmfg >
10 the monitoring of the tyre pressure in vehicles, but the
method can be used for other applications as well. In this
method, we concentrate on that, at first, energy is being
stored by a spring, but, of course, it is conceivable that
energy through acceleration initially is being bound to
15 kinetic energy of a mass. This opens up several application
targets for the method. In addition to tyres, the functional
principle of the method works in shoes and roller mats, for
example, so it can be utilized in connection with, for

example, snowmobile rollers for monitoring the condition of

20 the roller or the snow characteristics.

Below, the invention is being examined with the aid of the

embodiment examples according to the figures, in which

25 Fig. 1, in a block diagram, shows a power collector according

to the invention.
Fig. 2 shows the block diagram of Fig. 1 in more detail, and

30 Fig.3 shows an embodiment of the invention in connection with

a car tyre.



According to Fig. 2, the power collector typically conprises a MEMS el enent
3, the equivalent circuit of which, according to one enbodi nent of the

i nvent i onwocompBeRes a capacitor. In practice, the capaecramyel/afo7dshi s
capacitor is created by a 10 stationary el ectrode and a bar vibrator

| ocat ed adj acent to that, form ng the gther el ectrode of the capacitor. A
bi as voltage is applied between these two el ectrodes, and then the
vibrating bar of the bar vibrator generates an AC voltage between its

pol es. TRecbrdsngotradédecah banf srABR 1By Ofeans eaPogsmgniafepy poyer

pi ezoel ect ki I I I ild-i r a vol tage
mIIIappegbl%éfﬁggggp%grgﬁpge?gngﬁ%a?gy?gkégnT%PsE&%%%&ggh'g%gébtified by
means of calilectili er cénardtiesl itopeietarvhecel ectreoniicicigr ediety 12
conprising the gauging electronics 5, including the sensor 7 and the 20
transm s&PYR*el ectronics 6 to which a transmi ssion antenna 8 i s connect ed.
The sgensor 7 is typically a pressure sensor. The el enent 3 can al so be
substituted by a piezoelectric el enent, which can be placed either at the
tip of tRecpirding, t25Fdgscii;bélichpborr ccoldectnd $adceilg vofcomprisssor di ng
to Fig. 3, r.ather short pin 10 i.s _fixed to the tyre 12 at _t ' r
surface flMgMStﬁgeggpﬁpﬁér%hesﬁgPﬁvgﬁepﬁecégfuﬁyr8% %hé%hrnﬁgbgﬁ%ﬂﬁﬁl
pressuri zedonet emberigknthe fcahe3@nkyhe b2, Theppiikek0 a sapiaxdddra tie

i nner surface 11 of the peripheral shell by nmeans of .a suitabl e anchor 9.
| f the cRAP&ELEEIstDE FPEGFANEPCEr Ofh&PdiSn CRpacd togs fiSciCERAtPd SW, 2 he mass
of t pi i I t he re.: ) ;

2012 03252?#%%?%%%8%% 8%6%%% %%thnbEXSSﬁ?ESQ?Eéﬁgggﬁgg:ﬁgjgﬁgﬁgétéhergy
accor di nghiea ,t Herspniongheowrshant edfectthredsi wii the eaeagy totror &d bigst he

spring struycture. After .the.change, .the pin 10.starts vibrating at .its
characteypggﬁgefFéq&@ﬁ&ﬁ?%Abﬁ§W§ Boﬁé?sgoﬁﬁgcf&ﬁc LOBlES §I¥%§§§¥Iéﬁmﬁt t he

tip of tRepRiakikQ. pAcCeOIrdithe baroReberked Femk reftcshan meeridldagdt is al so
preferable for the pressure sensor 7 to be |located at the tip of thejPin in
or der t obgiMesve ids| Rodes -ndds. bifst Ko loagsl ¢érofe Horpied by imgans o

SUffi§ie%t£%tk%&@€’a(%ﬁ%Q%%ﬂ%%¥qu EQe%@QQl’ogoﬁe%oi%alled build-in
effect, whereby a voltage willappear between two different
materials. This voltage is rectified by means of a rectifier
4 and is input to the electronic circuitry 2 comprising the
gauging electronics 5, including the sensor 7 and the

20 transmission electronics 6 to which a transmission antenna 8

is connected. The sensor 7 is typically a pressure sensor.

The element 3 can also be substituted by a piezoelectric
element, which can be placed either at the tip of the pin 10,

25 described below, or around said tip of it.

According to Fig. 3, a rather short pin 10 is fixed to the
tyre 12 at the inner surface 11 of the peripheral shell of
the car tyre, i.e. into the pressurized interior of the car
30 tyre 12. The pin 10 is fixed to the inner surface 11 of the
peripheral shell by means of a suitable anchor 9. If the
characteristic frequency of the pin 10 is sufficiently low,

the mass of the pin 10 stays in place as the tyre bends, and



10 being collected in the formof electricity essentially solely via the
MEMS 3. According to one enbodi nent of the invention, it is essential, that
in the VBNB28127/3kene additionally is, for exanple, a pi eco&imet/odotesel ement
for generating the bias voltage, in order for the MEM5 3 to operate as a
power 15 collector. If, however, the gap in the MEMS is very narrow, the

pi ezoel ectric el enent can be elininated, since the so called build-in

vol tage frequently generates a voltage across the gap. A battery can also
be used tbengenepainggtrhesbeis ¢bet 8§enoki ER6LOYbECR§IEaser itet &S ust to a
battery al one, Then,.th tery will er g.Li i e,..since the
bi as volsgéé%gléggftggtsﬁgh?ﬁ%iﬁﬁxnéptge%ﬁé?gyt eogggtébykgk gﬁf}%ﬁﬂ

practi cestrukmnutrbi.saAZpplki ¢aki ehangbe taenpipi N0 deaaetes vabrealtdangated, 25
bar-like structure with a m ninmumdianmeter clearly smaller than the I ength
of the stfdcthip&achBrhrsiati ARWRACYsi & ¥HMPr PPHEThERALRGTOF tthe 2sdrf ace of
the tyre;12:b3g136f bicCipRt kYo 3R dnel Bid G6Nt AbRSEASE: tiohoh@l ation to the
characteristic frequencies of the pin 10, the surfacé bends to the degree
of an anghbopimehitchfesbentinakehyidepends isnaflse weiedkirabflet Hor Whe
2012/032221PCT/F12011/05&7%8 % c?r and th% Eﬁretpreszur%. Fr.om.t he

vi ewpoi nPEEPSEIRaSSTEP Tt He *Pi FCof CFRESH AL £RFs thBans &1§i &ifaddnent of xA
In this eager theaeneegy st abedekymaeans 16f theepiva1l@ o t2AE2pdn510
E=-10cA=-nto xA 22 where k is the sprin% constant of the pin, wis the

char act edSsRE fiFdguéAdy Lo Ithe (FrRISeRtBratiPoC dR4Omri ®OMRE Fess of the

pin'theng%B|ﬁggqggkeﬁaﬁnb%h%xﬁ5%§§%? Qie%%éﬁéity essentially solely

via the MEMS 3. According to one embodiment of the invention,

it is essential, that in the MEMS 3, there additionally is,
for example, a piezoelectric element for generating the bias
voltage, in order for the MEMS 3 to operate as a power

15 collector. If, however, the gap in the MEMS is very narrow,
the piezoelectric element can be eliminated, since the so
called build-in voltage frequently generates a voltage across
the gap. A battery can also be used for generating the bias
voltage, without being restricted just to a battery alone.

20 Then the battery will have very long lifetime, since the bias
voltage alone, as such, will not deplete the battery at all,

in practice.

In this application, the term “pin” denotes an elongated,
25 Dbar-like structure with a minimum diameter clearly smaller

than the length of the structure.

Mathematical analysis

30 If the bending of the surface of the tyre 12 is sufficiently
rapid, in a certain sense, in relation to the characteristic
frequencies of the pin 10, the surface bends to the degree of

an angle ¢, which essentially depends on the weight of the



10 of the length / of the pin and the angle p, which depicts the change in
curvature as the pertinent part of the tyre has hit the road surface. The
di spl acernmot2ora32ize gi ven in the formxA =/tan 15 The amgir&13m1vet07dse
expressed by neans of the track 2h of the tyre on the underlying surface
(the part having contact between the tyre, or corresponding, and the
underlying surface) and the radius r o the tyre 20p = arcsin- hr i.e.
yielding . h hh xA=ltan arcsm=1 ,-1 rr.41- (12102r Now the total energy
can be gbaenahd the tyrm Bressnwe2EZ¢LM2tRe 25eTheiassodpei oasbeiatg t hat

travel P dtR%r%in, LRE s HE8nbOat B8 sbh Ak RRRLOGEULS. Atnt PRILY ®
F fo gR

rot at es
case, the energy stored by means of the pin 10 is

5 E=%h§:%mw%§

where k is the spring constant of the pin, w is the
characteristic frequency of the pin‘s vibration, and m is the
mass of the pin. The displacement can be expressed by means
10 of the length 1 of the pin and the angle ¢, which depicts the
change in curvature as the pertinent part of the tyre has hit

the road surface. The displacement can be given in the form

x, =ltang

15
The angle ¢ can be expressed by means of the track 2h of the
tyre on the underlying surface (the part having contact
between the tyre, or corresponding, and the underlying
surface) and the radius r of the tyre

20 g@= arcsin-}rl

i.e. yielding

X —ltanarcsinﬁzl#~l£
’ roopfl=hir? T

Now the total energy can be given in the form

2
1 h
E=—mw%{—j
2 r
25 The assumption being that travel from a round part of the
tyre to the flat one occurs as the tyre rotates through the
displacement angle ¢, From this, the time associated with

this displacement can be calculated.



di spl acenent angle mFromthis, the time associated with this displacenent
can be cal cul ated. WD 2012/032221PCT/ F12011/050768 10 At = Vin va Since

t he mass WO 20te3etzange phase, because of nass inertia, ROSIFI20eE0WI68Changes
in the state of notion, remaining in its nonentary state, for the change
energy associated with the 5 bending of the surface of the tyre to transfer
Into spring energy, we arrive at a preJrQequi site for the nechani cal
resonance frequency of the pin. va a)27r rv", If this delimting
frequency, i sr@sed, the maxi mumenergy is 10 obtained in the form1lth E=.

471.2_ P a2
Since the mass at the change phase, because of mass inertia,
must resist changes in the state of motion, remaining in its
momentary state, for the change energy associated with the
5 bending of the surface of the tyre to transfer into spring

energy, we arrive at a prerequisite for the mechanical

resonance frequency of the pin.

v
< 2r—=
re,

If this delimiting frequency is used, the maximum energy is

10 obtained in the form

2
E=4ﬂ2%mv‘f( fh ]
7 Qp

Energy is obtained twice per rotation, so the repetition

frequency will be

v

f===

wr

15 Now the average power can be expressed in the form

2
P:47rv—"( th ] %mvf

2
r

Pl

Assuming the pin having the mass m = 0.002 kg (0.07 ounce),
the velocity being v, = 50 km/h (31 mile/h), the length of
the pin 1 = 0.01 m (0.39 inch), the radius of the tyre r=

20 0.30 m (11.81 inch) and the total length of the track 2h =
0.1 m (3.94 inch) and the bending angle, corresponding to the
track, being ¢, = 0.03 rad (1.72 degree), the power obtained
is P = 0.4 W. In practice there will be less power, since the
resonance frequency of the pin cannot be dimensioned to be

25 arbitrarily large. On the other hand, the MEMS element 3 is



vm Energy is obtained twice per rotation, so the repetition frequency wl|l
be 15 Now the average power can be expressed in the formva[2 PL th ) 12
= ur- - rwa2i1v3e222 2 Assuming the pin having the mass RCEFRDOBORe (0. 07
ounce), the velocity being va = 50 kmh (31 mle/h), the length of the pin
1 =0.01 m(0.39 inch), the radius of the tyre r= 20 0.30 m (11.81 inch)
and the total length of the track 2h S m (3.94 inch) and the bendi ng
angl e, corresponding to the track, being pm= 0.03 rad (1.72 degree), the
power obRhatnedcessprily. able ta prPadéerée @ﬁeﬁéSmPPFlﬁétVes§léoﬂ%rFh§ince

the reson f n t pi t dj Lon be 25, .

arbi 1 ar FL oL Par Ba0HEn cbnShe: Rep”AsiBYERe REfs 0 asar T4orar b this

2012/ 032R248CHEFR2013406QF6801¢anobenapessal by, abbethe MBMSeellementits

entirety, all of the energy bound to the pin. kbmevek,éthe qugkity %ptor
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MEMS. Considering that the characteristic frequency is
dimensioned at about 10 times lower than the maximum
frequency, the power will be about 4 mW. Typically, a sensor
for the pressure in a car tyre requires about 0.1 mW of
10 power, so the technique according to the method according to

an embodiment of the invention is sufficient for that

application.

The primary application of the invention is collecting power

15 from a tyre. In applications in which there is vibration or
bending of a structure, the method can be utilized. In a car
tyre, also the pressure can be gauged by means of the Q-value
of the pin 10, which is proportional to the pressure in the
tyre 12. Regrettably, dampness also influences the result.

20 The pendulum motion of the pin 10 must perhaps be restricted
in order for the structure according to an embodiment of the
invention to be durable. An advantage of the method according
to an embodiment of the invention is that the bending, as
such, is not depending on the speed of the car, in the same

25 way as the acceleration. If the acceleration does not
directly influence the transversal motion of the pin, the
invention enables such a structural solution in which such a
durable structure is achieved, which is able to collect power
also at low tyre speeds.

30
The durability of the structure according to an embodiment of
the invention can be improved such, that the pin 10 lightly

touches a delimiter, a rubber stop, for instance, and thus
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25 way as the acceleration. If the acceleration does not directly influence
the transversal notion of the pin, the invention enables such a structural
solution in which such a durable structure is achieved, which is able to
col l ect power also at low tyre speeds. 30 The durability of the structure
according to an enbodi nent of the invention can be inproved such, that the
pin 10 lightly touches a delimter, a rubber stop, for instance, and thus
WO 2012/ 032221PCT/ F12011/ 050768 12 any large notion is subject to danping.
The maxi num anplitude can al so be attenuated by this nmethod. If the spring
in the structure is stiff, the mass will follow the bending, whereby the
pin is subject to | ess bending, which inproves the 5 durability of the pin.
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Patent claims:

1. A power collector structure (10) connected to a base
(11) that is repetitively deformed or bent,
characterized in that:

- the power collector structure (10) is a bar-like pin,

- the power collector structure (10) is radially
connected to the base (11) in an essentially rigid manner,
and

- a power collector (3) for converting mechanical energy
to electric power i1s iIn the tip of the power collector
structure (10).

2. The power collector structure according to Claim 1,
characterized in that the power collector structure (10) is
connected to the base (11) so rigidly, that the intrinsic
resonance frequency of the power collector structure (10)
determines the total resonance frequency to at least 50%.

3. The power collector structure (10) according to any one
of the preceding patent claims, characterized in that the
power collector structure (10) comprises an electromechanical

converter.

4. The power collector structure (10) according to any one
of the preceding patent claims, characterized in that the
base (11) is the inner surface (11) of the periphery of a
car tyre (12).

5. The power collector structure (10) according to any one
of the preceding Claims 1-3, characterized in that the base

(11) i1s a shoe or a part of it.
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6. The power collector structure (10) according to any one
of the preceding patent claims, characterized in that the
power collector comprises bias means for providing a MEMS

element with a bias voltage.

7. The power collector structure (10) according to Claim 6,
characterized iIn that the bias means for providing the bias

voltage is implemented by means of a piezoelectric element.

8. The power collector structure (10) according to Claim 6,
characterized in that the bias means for providing the bias
voltage i1s implemented by means of a suitable material
couple.

9. The power collector structure (10) according to any one
of the preceding patent claims, characterized in that the

power collector (3) comprises a piezoelectric element.

10. The power collector structure (10) according to any one
of the preceding patent claims, characterized in that gauging

electronics (2) are integrated in the power collector (3).

11. The power collector structure (10) according to any one
of the preceding patent claims, characterized in that
transmission electronics (6) are integrated in the power
collector (3).

12. A method for collecting power of a base (11) that is
repetitively deformed or bent, in which method a power
collector structure (10) is being used, characterized in that
in the method there is being utilized

- a bar-like pin as a power collector structure (10)

connected radially and essentially rigidly to a base (11),
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and a power collector (3) for converting mechanical energy to

electric power in the tip of the power collector structure

(10).

13. The method according to Claim 12, characterized in that
the power collector structure (10) is so rigidly connected to
the base (11) that the intrinsic resonance frequency of the

power collector structure (10) determines the total resonance

frequency to at least 50%.

14. The method according to claim 12 or 13, characterized in
that an electromechanical converter i1s being used as the
power collector structure (10).

15. The method according to any one of the preceding claims
12 to 14, characterized in that the inner surface (11) of the
periphery of a car tyre (12) i1s being used as the base (11).

16. The method according to any one of Claims 12 to 14,
characterized in that a shoe, or a part of i1t, iIs being used
as the base (11).

17. The method according to any one of the preceding claims
12 to 16 characterized in that a MEMS element (3) provided

with a bias voltage i1s being used as the power collector.

18. The method according to Claim 17, characterized in that,
in the method, the bias voltage is implemented by means of a

piezoelectric element.

19. The method according to Claim 17, characterized in that,
in the method, the bias voltage is implemented by means of a

suitable material couple.
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20. The method according to any one of the preceding claims
12 to 19, characterized in that, in the method, a

piezoelectric element is being used as the power collector

@3).

21. The method according to any one of the preceding claims
12 to 20, characterized in that, in the method, gauging
electronics (2) are integrated in the power collector (3).

22. The method according to any one of the preceding claims
12 to 21, characterized in that, in the method, transmission

electronics (6) are integrated in the power collector (3).

23. A car tyre, characterized in that i1t comprises a power
collector according to any one of the preceding Claims 1 to
11.

24. A shoe, characterized in that It comprises a power
collector according to any one of the preceding Claims 1 to
11.

25. A roller structure, characterized in that it comprises a
power collector according to any one of the preceding Claims
1 to 11.

26. A method for manufacturing a power collector structure,
characterized in, that, in the method, the power collector
structure is being formed by connecting to the power
collector structure a part presented by a method according to

any one of Claims 12-22.
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27. The method according to Claim 26, characterized in, that
the power structure is a part of a structure according to any
one of Claims 23-25 being a car tyre, a part of a car tyre, a

rim, or a combination of such items, a shoe, or a roller
structure.



