WO 2012/ 039681PCT/ SG2011/ 000326 1 Vi bration Detector and Method Field of
I nvention The present invention relates to vibration detection,

parti cul awbypianspesmot 5Sexcl usively, for detecting vibraPCoss201f1/08626m
origin. Background Earthquakes are a ftact of life for people living in
eart hquake . prone countries, such as Japan or Mexico, which are normally
situated on or lie close to the 10 "Subduction Zones" of tectonic plates.

The gradual plate conver genggrofion BRté&or ARdCMBHSES | N these zones builds
strain energy overtime and earthquakes occur when the accunul ated energy is

suddenly rel eased. As i nmagi nabl e, earthquakes present imedi ate hazards to
safety, heridBfamckfgnom c viability in nodern industrial societies.
Recent earthquakes highlighted the risks from 15such cataclysm c events,

whi ch af fERe RRPSEYL HNYeptiaorelates tof vibration odelestioni cdagtiaumtly. fRehceot t he
desi r e; t OpyHIhdiga) Srot e teld Q@&ah@ﬁ%doﬂ?él@m'lémﬁélhan“y to mnimse |oss of

human 1ives caused by earthquakes have |ead t0 establishment of early 20
war ni ng systenms that typically conprise vibration sensors such as

accel er onghekSroun@Puters and alarns to provide decisive, advanced warni ngs
of those events. However, such vibration sensors have limted applications
and use oFamhgakpssaresyAFtsef lifer (1 RARPIRIANINGat e cRERGHENPEPNCeERMNEIBSt such

sensors tangh £ LpahebaMekRloy ﬁmeﬁrb%wﬁorma‘nynmua%@mrbbp IjéeelobtolthleeNSi Ve
geogr aphi cal dep Io%gent to provide tine accurate earthquake detection

or ot Her AUbAHESIH Z98escef éﬁctomc platass él%eowaéé@l pfate [renpeasase 9fnthent i on
to provi dactnid RiAbs R tHEEE FoREs AMATBItRAA energy overtime and earthquakes

occur when the accumulated energy is suddenly .i'eleased.. As imaginable,
earthquakes present immediate hazards to safety, health and economic viability
in modern industrial societies. Recent earthquakes highlighted the risks from
75 such cataclysmic events, which affect everything from loss of life to economic

growth.

‘Hence, the: desure to mitigate the damages, and more lmportantly to minimise
loss of human lives caused by earthquakes have lead to establishment of early
20 warning systems that typically comprise vibration sensors such as
accelerometers, computers and alarms to provide decisive, advanced warnings

.of those events.

However, such vibration sensors have limited applications and use of highly
25 sophisticated and delicate components means that such sensors tend to be

relatively expensive, if not prohibitive, for extensive geographical deployment to

provide timely and accurate earthquake détectibn or other vibration detection.

Itis an object of the present invention to provide a vibration detector and method
30 to address the problems of the prior art and/or to provide the public with a useful

choice.

Summary
According to a 1 aspect of the present invention, there is provided a vibration
35 detgctor comprising a support member arranged to vibrate, and a sensor



30to address the problens of the prior art and/or to provide the public
with "a useful choice. Summary According to a 1st aspect of the
present iwoent2mms81t here is provided a vibration 35 det @CTSG2¢aOpI3R26i ng a
support nmenber arranged to vibrate, add a sensor WO _

2012/ 039681PCT/ S&2011/ 000326 2 arranged to detect a vibration frequency of
t he support menber. The vibration frequency to be detected is dependent on

the suppoairange®es’ o%té@q'@mr%n ﬁEFH&ﬁééfC On}H N%Wn{ %e‘?”pﬂﬁ’% b\??tgb%t on

nechani cal structure is nechani cal 0 vary t
frequency TEGUBRCYILR der datasied fire @éﬁ@@?nt en Abel suppant bensprrtse oiexhadicht om t he

descri bedsguo®teek, fBNWhicAhEBSGIPRIHC A err“gclﬂ@z:ll\é}‘rl&él %rﬁ Sresfép%%%% 85&0 be

mechani cal _structure, this enables the sensor ron-frequency

adj ust ed fSONGEVERDIe fayvary theyibration feguenryoto m det@t:tadaby thei $mresor.on
frequenci es. Indeed, the vibration sensor may be used to 1lOneasure

accel eration ,on structure such as on a ground or wall. Thus, the vibrati.on

detector '§ k26N \Peaanpresiated afiamc i idgseeled embodieventt by oeapaitalat | ons.
To mechaniezahliyufief ank| ews;?ori ReUBPO! MefREMER: StiiBiufLOLAL! BRafRL n,&geor ey

ans er vary t he mass
?g(r:r})lrjlj:elggmﬁn‘@ @E‘Pacffﬁﬁ}lﬂncbféar%e ﬁéJﬂJSEﬁéi fmtcfe\mtmgaatraom rod) “grqmlntdr@d ity of

pr edef | nestrumg It oibkitors HBBAEACIERThiRfoh Ot de/wa SaRsOPRRy B ?era of the

desired vibration frequency to be detected by the sensor , t he
suppoft n®fBRYenaF°TA tﬁ?&e"?vﬁ“{ﬂ“&"ﬁ%ﬁ%v@ob@ Redeguinde ot ovalhcFh@0 thteher to

facilitatwbedionsdei®dtor &f eddng aﬂéﬁ&ﬂﬂé aﬂﬁr@aﬁflg%reﬁtfbf Ep/%ﬁ%y;(?f X;fp{]h\':a{lco i se

vi bration frequency, in-which the vibration tecto
an attachment device coupled to one of the plates, and a gui de sl ot

arranged T® rgedhddidanyerRBhfi@iret i @hbe&hrm bgrevﬂh%ew%PatFor %f‘ec%}en{a?l ative
movenent between the two plates. The attachpent device
repl aceab‘?oénrﬂ'ﬁise means for varying the mass of the support member, wh|ch may include

75 having attachment means for selectively attaching a plurality of predefined mass
to the support member for varying the mass, based on the desired vibration
frequency to be detected by the sensor.

- - Preferably, the support member may include two.plates movable relative to each

20  other to facilitate adjustment of the support member's stiffness to vary the

vibration freqeency, in which the vibration detector may further comprise an

attachment device coupled to one of the plates, and a guide slot arranged to

guide movement of the attachment device to create the relative movement

between the two plates. The attachment device may also be replaceable by

25 another attachment device of a different size to adjust the support member’s

stiffness, through permitting or inhibiting greater/lesser deformation or flexing of

the support member occurring as a result of the detected vibrations. The
attachment device rhay include a bracket. '

30 Yet preferably, the sensor may be reconfigurable to adjust the support member’s |
stiffness, in which the sensor may be replaceable by another sensor of a
different size and/or thickness. As an iliustration, a thicker sensor disposed on
the support member may inhibit further deformation/flexing thereof as opposed
to a similar but thinner sensor.

35



25 anot her attachnment device of a different size to adjust the support
menber's stiffness, through permtting or inhibiting greater/|esser

def or mat iw0 20r2/3bp&8ti ng of the support mnmenber occurring &ETHGRELWDHE326f t he
detected vibrations. The attachnment dévice may include a bracket. 30Yet .
preferably, the sensor may be reconfigurable to adjust the support menber's
stiffness, in which the sensor nmay be repl aceabl e by anot her sensor of a

[ j b oK i tio t hi cker, sensor
i sposed arrepietHebtbtddh da8tor ey flrlier tPhieTher ufhst RuPPf FrdRPRg
t her eof a3Mapped &y ai ¢ffarent wrieatationt ag ﬂima@ppwe_rrﬁemmb?r, ‘ﬁﬁgeat gucr:h(;srr sensor]; o her
2012/ 0396 N Vis1
conpri se gﬂrfﬁ’ ﬁ%ﬁg %s%liﬁ)&ggﬁg&n{aeﬁber g?'\}{gﬁe&%n?%\éﬁé%‘l‘rg?eern?Up@rﬁrteme@edn as
t he suppof fe vibfgtien fegnuency uneltides i@ngencsalcaasﬂg‘,ébytIﬁ_j:fhﬂhﬁi)';vgltaria‘ggntm sency
vi brat fon hrafi . vi br .
v b a3 i AR oh LS5 oy PR sy RN Rl V"
vi brati onAFY?ﬁaéﬁwly,néMdE lfeftﬂlﬂélquﬂ@m@t;tmcarmaﬁadblayisﬁmlzf;jcﬂ:c ﬂ?l g:![dem::?ig:‘l ngrgr:\i "
Advant age t IL,pNn - v
f requengyﬂgiﬁcgsgﬁgﬁgﬁ%%}ngﬁg'iot gg?ﬁh?lr V\W/ag%ss g‘ﬁzﬂ? rgn%r§§rs§‘§a§ WEaESndPes, as
wel | as sWPYAsseimic sufagawayes10 The vibration detector may also conprise
a further support nenber arranged in a sanme orient ation as the support
menber, and a further sensor arranged to detect a further vibr atlo_n'
fr equéhcyTRf VibEatiah d?@&?ﬁft?‘%@i&ﬂ @Rmbrms'l:f ae‘q[tbﬁc?grnﬁort hmf@z&rgzncgﬁm @ al | ows
the vibraji i t e !

mul ti pl ea%/is%?]aétj?gﬁﬁ%a?gau%nci e?ugggrggﬂ?)nﬁfﬁea’?de)%ufﬁg{r?ggsﬁesng& gr.amgfigtﬁt

15appl i cal§terisa fuxtherr ybiaiiondrequangy stifferent fom the pibeationt frequestdyi ofthet her-e

: . : : D i . gl meaber s
i 'S provi Vi

arr gngedd%glsragc msgr_ag&'?ségg%é_?ﬁr\%mg%%dft éﬂa{?’gf’ﬁ‘(ﬁ%@‘k%ﬁws‘? gpcpoilf @Lﬁeed Ars and
whi ch endftectingheultifle orkratiphifesasiengiesobasssr an dhe Eaghirsppisr of diffebent has a
sensofs argpphigstorisO detect the vibration frequency of the support

menber. Therefore, the vibration detector is configurable to provide

mul ti-applications vibration nonitoring. Any of the vibration detectors

descri bedadcdrdiRg tb & 290AHRcEBPRH PRIYEHt TR%NAGN Atrafl %ﬁpf;m)f@é/oeacl%r%%gﬂr :

detector comprising a plurality of slot members arranged to receive a respective

one of a plurality of support members and which enables the support members

20  to vibrate. Each support member has a sensor arranged to detect the vibration
frequency of the support member. Therefore, the vibration detector is
configurable to provide muilti-applications vibration monitoring. Any of the
vibration detectors described in the foregoing embodiments may be a seismic
wave detector. |

25
According to a 3™ aspect of the present invention, there is provided a method of
varying a vibration frequency of a vibration detector, in which the vibration
detector includes a support member arranged to vibrate and a sensor arranged
to detect the vibration f_requéncy of the support member, the vibration frequency

-30  to be detected being dependent on the support member's mechanical structure. |
The method comprises mechanically reconfiguring the support member to vary
the vibration frequency to be detected by the sensor.

The method may comprise attaching a plurality of predefined mass to the
35 support member to mechanically reconfigure the support member to vary the



25 According to a 3rd aspect of the present invention, there is provided a
nmet hod of varying a vibration frequency of a vibration detector, in which
t he vi br avpani2dsdeset or i ncl udes a support nenber arrangedTiSc2villwesRe and a
sensor arranged to detect the vibrati#en frequency of the support nenber,

t he vibration frequency 30 to be detected being dependent on the support
menber' s nechani cal structure. The nethod conprises nechanically

reconfig r t¥e SDBp it M AhbAInEILBEY BRE pidtas be

et ect ed iy ofioh REgRURBPT AqIRIBAN, Wi B e SDEpdt Mt angLgey i Ydes

fr equenc;arramedttloohalmwah}méebtlvhéosiﬁﬂﬂoptheﬁetﬁﬁemeitm RYs Suge ety s

arr anged digh RSINAPLEoVi Y e 81 | ReChRReObCipachife EeiaRlaify diBheguC! |y

al so conmpris f the storeelnease arating distance

t her ebet Weenebetvest] m@tadmset ﬁ'@ppépboﬁtrefl’iﬁmbesss%tiffrﬁﬁés@ t\’arWé'P%/ VgWét'W bration
frequency, q'fn‘éhl:her the vibration detector may also include an attachnent
devi cé couple Yo one of the plates and a guide slot, and accordingly, the
met hod nay further include noving the attachnment device al ong the guide

sl ot to ht‘tﬁew ‘ﬁonjc%té@&r Ria§ @ch%det Qﬁaﬁﬁémgnf@é/vu%’%ﬁbléﬁ to

repl aci ng tachment devi ce W|t anot her attachnent device of a

di f f er entorei thmQ) plafpaisand Reg@idppiet anshBesordingly, fthaemsthod mﬁYef%ﬁ’terﬁod may
addi ti On%é M9§%w.h Gnb ShEIhhEAE 'dag.cfehsmﬁs%grga.ee afhtut mole the SuRport
menber's 's ness ereln reconfiguring~the Sensor rise repIaC|ng
the s@nsofetvireferablyt e mashedmay cemarise serlAcing the %t%ﬁfhmerttrr&) iG8eW8 These
and ot her, C Me i a d Rbmbedat ed
with ref er%ﬁ@% &a% n%é\g(lyﬁe%trfltés)ra Ye'gsr%btl Egg %?gﬁﬁg?rﬁiﬁﬁbgﬁ ef Description
of the Drsdiffnegs Enbodi ments of the invention are disclosed hereinafter with
reference to the acconpanying drawings, in which: Figure 1 is a front view
of a vibration detector according to an enbodi nent of the present

i nventi onThth'gﬁjilh@% npay agditionally wempiise KP&PPBQ%”%K@?)@@PPWe Qiagisst dhet he

det ecfor s‘?.: pgl'tgH{e‘?nt;ers stiffness, wherein reconfiguring the sensor may comprise

replacing the sensor with another sensor of a different size and/or thickness.

These and other aspects of the invention will be apparent from and elucidated
with reference to the embodiments described hereinafter.

20
Brief Description of the Drawings
Embodiments of the invention are disclosed hereinafter with reference to the
accompanying drawings, in which:
25
Figure 1 is a front view of a vibration detector according to an embodiment of the
present invention;
Figures 2A to 2C illustrate various perspective views of the detector of Figure 1;
30

Figure 2D illustrates an internal configuration of a first variation of the vibration

detector of Figure 1;

Figure 2E illustrates an internal configuration of a second embodiment of the

35 invention;



Figure 2D illustrates an internal configuration of a first variation of the
vi bration detector of Figure 1; WD 2012/039681PCT/ S&011/000326 5 Figure
3 shows awoanrapbesaf a singl e- degree-of -freedom syst em Pom/Sehialvoedae
detector of Figure 1 is based; 5 Figufes 4A and 4B show a first method for
configuring a sensing frequency of the detector of Figure 1 by adjusting
the di stance between adjacent fin el enents; Fi gures 5A and 5B show a
second nmethod for configuring a sensing frequency of the detector of Figure
1 through 'chan%i ng the coupling between the fin el enents 10and side pl ates;
Fi gures 6AIUBS 3asttPveCastmweat ohiar singtet tegred af-foxmbivg sy $tem, ors ehiibnthe

frequencyyg gig% tor f. Figure 1 by adding or renoving nmasses to the
fin el ement Ectto?gf:l dr?g 17'Est%(§ﬁ§’ a third enbodi nent of the invention; Figure

8 is a flowhart illustrating a nethod of detecting vibrations using the

det ect or | i 4R0EI qur e view of a prototype of the
dot ctor APUegiRcent R Sl ot MG uhE chautles Senfirl) REGLEE o
benchnar kihedgletertotet Biguee 1dfy #djgsting theatjstiansé batwesnedjecent fireelememts er

with reference to the Japan Met eorol ogi cal Agency (JMA) seismic intensity
scale; and 25 Figure 11 shows a fourth enbodi nent of the invention.

Det ai | ed ffgytas pA kod SB0shouasetont angthad ¥omeartfiguning et satsing fr®querayosfdi ng t o

a first epRoiid®BE oPE; L RYSUYH j : ctaor 100

conprises a _ous?naplgyﬁﬁ;v@r’lg a %&d@ﬁ{/gﬁ%@ﬁﬂgiﬁﬁe@%ﬁ@e %8@'%%8"5 base
pl at f 8r mapBsideplatebs enbodi nent, the detector 100 is configured based on
an open architecture concept such that the top cover 104 is advantageously

arranged to be easily renovable for allow ng
Figures 6A, 6B and 6C show a third method for configuring a sensing frequency

of the detector of Figure 1 by adding or removing masses to the fin elements:
75 Figure 7 shows a third embodiment of the invention;

Figure 8 is a flowchart illustrating a method of detecting vibrations using the
detector of Figure 1;

20  Figure 9 shows the top view of a prototype of the detector of Figure 1;

Figure 10 is a table of resuits obtained by benchmarking the detector of Figure 1
against a commercial seismometer, with reference to the Japan Meteorological
Agency (JMA) seismic intensity scale; and

25
Figure 11 shows a fourth embodiment of the invention.

Detailed Description

30  Figure 1 shows a vibration detector 100 according to a first embodiment of the |
invention. As depicted, the detector 100 comprises a housing 102 having a top
cover 104, side walls 106 and a base platform 108. In this embodiment, the
detector 100 is configured based on an open architecture concept such that the
top cover 104 is advantageously arranged to be easily removable for allowing



WO 2012/ 039681PCT/ SG2011/ 000326 6 conveni ent access to the housing internal
for reconfiguration, performng repairs, doing naintenance or carrying out
parts repvacemsspesiAccording to the preferred enbodi mrenPCTiSeeobAs@2pl at f or m
108 is formed integral 5 to the side walls 106. The base platform 108 may
alternatively be attached to the housing 102 as another discrete section.
Addi tional, the base platform 108 is configured with outwardly protrudi ng

sections é'om/eﬁfé‘ﬁt LetddsOloCRE Hb%%ﬁ'g;l ihtethaPee ré&'n‘ﬁgﬁra]h%% Bkiarhing rEBaH‘e si de

wal I s 106. A.series of through es 114 are al So provided on exposed
portions dding mlwﬁoan@mpnga@wogmﬁmzﬁmepl@cem@nt itate 10 use of securing
nmeans (e.g. bolts or screws) to properly retain or secure the entire

detector 100 to a resting platform (not shown) located in a specific area
wher e vi bheaordingdettbe prefarred dnobodimast rtbedase ipdatirg) 18 is fumeddptegrale t op

cover ﬂoﬁfot@ebs%é %ﬁug%dﬂeme%sw%ﬁgﬂ@ﬁmam‘a%?}megnmel bé%té&?&id%se

pl atform ernativel ded strength. 15 In

et
depl oyneriheshﬁéﬁmg 492 (@&, another dispigte geadon- o%{dﬂdwa\hﬁéﬁé)%&t@?tfg%ﬁé@e m ght
di srupt tige d%g@h?éd Qﬂthotuwdg/ebﬁﬁmngl%cp@%éqabaaﬁd (rBirforceh! m&e iseal )

may be applied’to the seans t ween op cover 104 and he si de
wal | s 106shapeddaints hdiattaghed to tha side waliset §fF- 0 6f safiespridherughoboledr! 1dhe

el ectricalee Cé?é‘éggﬂﬁ{‘c?e% R e&ao.&,&fpgﬁkﬁet&ﬁhé%mﬁm Q@étldrﬁwl fd)ﬁat faefifatasi |y

I mpl enent abI e on may rovid cover| q% I' S conposed
of hytr opHebpt speléng means. ¢ Qab9|lt~“a§f|$@f¢va§/)e¥q prapesly & %'nh?.fu§¢ﬁgelfd)2 In

this enboghtg?fueteétbmbg%lme&% bl%tff:ﬂﬁ rrﬁgt Hﬁéwﬂ) |dcattd VR §"pelRicesreal S,

such 25 as um nium st ainl ess st eel |'ass, that exhibit excel | ent
mat eri al whererkpration sieéectioasandrag @eagur@m@ﬁ éGSlﬁQﬂtﬁHEth?héh‘%iéQFéé?‘(ﬁf 100 is

structuradsq g Séltéd ?dnheag.abnﬁénssw@ngrh\@ Qa@twmsmcsaaad t%ee;matfsﬁn wogn

eart hquakes occur) her e nsuring the integrity o he el ectrical
conponentfgaﬂﬁﬂeﬁ’@h@@'rysbq wgé@ﬂlteaeﬁhﬁrfW@%@eﬁét%\gtﬁoo A coaxial cable
connegtion outlet 116 (although nore may 30 be provided as necessary) is
avai lable on the front side of the detector 100. It is used for

transmi t tinrdeRiRINeejesrenarias (Bg: OR Building 6poflar) Wherg Watel speragepeiit ed

bel ow. VM%%%%%Q%%@%{W%W&HH&@&%@O Ta AeatdiV(R.d.Nsifd B EBalP Anay Ibe
detector 100 i ncl esasottln%h rackets
applied to the seams between the bolted top cover 104 and the side walls 106 to

seal them. This provides waterproofing protection for the electrical components

20 in the detector 100. Another low cost and easily implementable solution may
include providing a covering, which is composed of hydrophobic material (e.g. a
plastic layer), over the housing 102.

In this embodiment, the housing 102 is formed using lightweight materials, such
25 as aluminium, stainless steel or fiberglass, that exhibit excellent material
strength properties. This is preferred so that the detector 100 is structurally
resilient against strong vibrations (e.g. 'generated when earthquakes occur),
thereby ensuring the integrity of the electrical components and sensors installed
in the detector 100. A coaxial cable connection outlet 116 (although more may ‘
.30  be provided .as necesséry) is available on the front side of the detector 100. It is
used for transmitting data generated by the detector 100, and will be elaborated

below.

With reference to Figures 2A through 2D, the detector 100 is shown with the top
35 cover 104 removed to illustrate internal configurations of the detector 100. '



arrangenment conprising a first bracket pair 202a,202b and a second bracket
pair 205a, 205b symretrically arranged vertically (perpendicular to a

hori zont avopbhersIdsof t he base platform 108), al ong a | emrgTisGadiitoh@260usi ng
102. In this enbodi ment, the second bFfacket pair 205a,205b is fixedly
mounted to the side walls 106 using any suitable neans including welding,
bolting or being glued thereon and is thus not novable, while the first
bracket pair 202a,202b is 10 novably nounted to corresponding |inear guide
slots 203a, 203b (see Figure 2D) forned on the side walls 106. As shown in
Fi gures 2 ashbwB, int Hgguest e2A,0rthé 00etectdrudid®® dSetladed hoktastirmndbmackets

Ui de- sl oV SRl ok RTR o IR iiRC AR GRE A 85830 S 0hd BB EAled 1o

t he assodmwsmmkmaﬁﬂymmmmrﬁ@Ilyg(ge[);itencﬂﬁlholots han‘gomtgt p:ca:’ﬁ%?, 206b
. : e it ;

| c0ser gt e A SR D58h atrg: 4 Bl B SIS he posi ti ons of the

brackets 202a, 202b which are slide or conveyed al ong the guide slots

2032, 203004h hEoMlcht (RAGRENG R AR oif-Jda el na Lihg, aul 5, 2063, 2060 on

conpl eti on) when desitTéd or necessary. _
support res¢devallsndOf rusing sarynbueithbie meanshéncugipgr weldingesolting | ardbsing f i xed

fi | d br t. PAj bl e
fin of e fibrabh 30839 hs hBE rRBB HIBAKE 0 B blasBeBag 100atien s he
fi xedof i imeyahiemeowyoed dadcarrespoepdingl kndarngeitiendots 20%a, 2034 g&exs Figdrer m of a

factors. i olRed e e vl oo AL AL Eig g 20 dld PR MR BoRPlarenc s of
di f f er ent108pjindledas sety ofnbolmvandy nuts 206@s2@R4 dohedovably empenting e¢heecond
el udi ne A o2BRiob, @ A8 RoceR e it 203 A0, TRECARENG: 8%R00°
further %ﬂéﬂtﬁ!é’@%a,%ﬂ%ziéém@uﬂe@ to Pet ass Rted gieeslofs 20322@3kpLisinglthed on)-
Fur g okp e ny 20832088 (oLl ik BHAURIE 2828 20PB 376 STbVRS 11
el enent mitlsa@nadbfhyt §rdnlgopening 3be putst BaBa.2ABLS folowerhby 8@idstverthaps t he
o8 RS A e Tt B9t Aall SV BS0) Il % gl ol ¢
slots 203a,203b via the bolts 206a,206b, and re-tightening the nuts 206a,206b
on completion) when desired or necessary. -
20 '
The detector 100 includes a support member and in this embodiment, the
support member includes a fixed fin element 300 attached to the second bracket
pair 205a,205b and a movable fin element 302 attached to the first bracket pair
202a,202b. Each of the fixed fin element 300 and the movable fin element 302
25 takes a form of a rectangular plate which is about 1 millimetre thick (although
other form'factors, thickness and shapes may also be used babsed on the
requirements of different applications) and having its ends attached to respective
second and first bracket pairs 205a,205b,202a,202b using any appropriate
means including welding, boliing or being glued thereon. |
30 v
The detector 100 further includes a piezoelectric patch 207 adhered (for
example glued on) to an outer face 300a of the fixed fin element 300. The
detector 100 further includes a first mass 304 bolted to a central portion of the
fin element 300 via bolts and nuts 306 so that the first mass 304 overlaps the
35  piezoelectric patch 207. The detector 100 further includes sets of bolts and nuts



308, 310 spaced fromthe first mass 304 which are used to couple the fixed
fin element 300 to the novable fin el ement 302. The detector 100
further iwolzatesI@isecond nmass 312 bolted to a central pOTISGan 1Bo@R6 an
outer face 302a of the novable fin el &nment 302. The fixed and novable fin
el ements 300, 302 are each configured to vibrate in response to surrounding
vibrations, for exanple, the ground to which the detector 100 is mounted
noves an [ f S t he
HEN ISHERLES Y
pi ezoel eg%drérﬁlgﬂy Péﬁédzgﬁ;n?fgg% \'f/lf'srt] mﬁ%segﬁ ass"(?)r?:%a% u%géethsoogq?.éjg' ﬁ ?‘?jn el enent
300, 302 |@emde3@@ t(athmmnr/ahhevfm elament 802abl e, |i ghtwei ght and ductile, and
enables the fin elements 300,302 to vibrate in response to the surroundi ng
vibrations. To el aborate further by exanple, when an earthquake occurs, the
gr ound acHhe detectandQ( further indhudas @ﬁQPOMW@%yolt%todetC@mfér paign1s are
transm tt 86 respective fin elenents
300, 302 vﬁ rf]g%tgﬁg%quent y vfﬁﬁg{debgé%%?%g%@n@e?to the ground accel erati ons
(along the width or length of the fin elenments 300, 302) based on the
I nt ensi t 5O 1562 Urleabh WdnRbuidietd Libpstedind
nmovabl e ﬁlﬁgg %‘;’rea%tdshﬁggaﬁigﬁ %L@wﬁ%@ﬁ%cogu& t%g pbezcr)‘eplectrfc pat gh 207 to
def or m ariéspersedodetrsewrdingnvibeationay det caxamnle, dhecarousd| topovrieh i thie
a1 [T erencsfet@? 180/i€ Mbuntdd rldiBs MahRNiStIPh Grhé i erémexrgescme@t réal

differences registered are transmtted as electri ca st gnal s
that tan ddegieddysthecdiezoalecteie mateh 2Aé (SHVin; agfaofassh@atydo%moa)c@@cer atl ons

and thus, gpig %Qﬁ 466 30295 H\fad@nof Enf?ﬁ\ﬁldﬁg viagh N Sblezghg-ﬁﬂNé At ladhlyat e

transm SSIOI’] the el ectrical

t he prezoelectric 207 is
el ect ri cadudfilesi ardl anahles tha rfl@d@bn(erim 3&%@@5 te ovibrage dOaB@rSQPn%%BPethe
connect i qq, Fb‘htnldﬁf %&)@at nstT@HERbbrat gﬁpglab 'ﬁ?pﬁé' Whé??%ﬂseérﬁwcﬂ:ak%oax' al

cabl es or optic I be are connecte rom-t coaxi al cabl e connecti on
outlet 1l®cues, athéagr@UB@ arsgleratiensofi- %ysbr@wpoﬁbﬂe@mﬁmpyftb? detector 498ni ssi on

of t hf}rael &6t {rh .téhgﬁ%e‘%h W %s%splgﬁ&fnﬁ”m%dtd"‘tﬁ@qie%ec‘f‘ﬂvéeﬂlr‘?%‘feﬁfeﬁt‘é' a

cellular tec 0gl es suc HSPA TE) or using any known
communi ca'-iQCbWQ emm @gegeqqqrélydubéate%qmreswm g he @reund @eERILEBIONS| ocat ed

i n anot heg, Voﬂc);rﬁre"Wi'd?ﬂ‘oﬁf‘én‘&Fﬁ ofBhelfiff DM hahts TN, $6%) bub et G tRNinté Mt from

where the ation detection detector 100 is 35i'nstalled.In additfion to
provi di nghgrarated asgalesatans. sihey vibaatian ef; theydixad tandymovable fin elements

2012/ 039 ﬁi S QGdH Cl?a%%@ the NGXPSALETcepatts 46 Go %@Férhﬂ%)met hi's

approach allows extre basi c conf%ﬁgjuratlon in terns of interfaces and
conpoifentdgformaatiamis @I@%‘@tﬂ%*r'ﬂ@@'ﬁ%” waientipd sliereneagi(ps @atesuitfg®escal e
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analysing the transmtted data is re ccordrngtoSthe preferred

embodi merglectrigal signalst be. totp)i that 6aR| p@&eﬁeechlﬂ gptarming (the sguerityRish'

(i.e. trapgmdrduddea 8ra8BRET ahad thys,t RRoRbieZ ARlrembE | ©f PahchmBBRdinghe data
nmeasured ney ‘not be further processed; They are sinply transmtted in raw

gener at ed®qr @ke. t he data acquisition system
25 -
To facilitate transmission of the electrical signals, the piezoelectric patch 207 is
electrically wired via electrodes (not shewn) to the coaxial cable connection
outlet 116 of Figure 1. External connection means (e.g. coaxial cables or optical
fiber) are connected from the coaxial cable connection outlet 116 to a data _
30 acquisition system (not shown) for the transmission of the electrical signals,
which is performed wired or wirelessly (via cellular technologies such as UMTS,
HSPA or LTE) or using any known communication techniques. The data
acquisition system is preferably located in another site which serves as a central
monitoring station, remote from where the vibration detection detector 100 is
" 35 installed. In addition to providing greater equipment survivability against



10Alternatively, the data acquisition systemis configured as an internal
unit installed in the detector 100. Through the "data-pushi ng” .

conf i gur avpan2/i3S1dat a acqui sition systemrecei ves dat &Cfriseavititveod2é n

el enments 300, 302 when ground accel erafions are detected. The data are then
digitised, collated and conpressed into data packets. The data packets are
then transmtted as 15 telenetry signals to the central noni toring station

whi ch hi for form rther

Anabys; o hSlcils WRls RORY SIMERLRS) UL bRl Pk, BBt Sl

central mnftwatr@ slylstteernscdnlnlb@‘aml as@¢o£rrmo;n@nay2g8cohmeiéieaar rman?a?s
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cond t1 on? S e SRI e TnateduldR e bRGIRERE Thag gl ol dai8 SefyRA

condi ti onw%el@lfpbgbﬂatmgzambalrlyseg thenpdansméttesd ﬂmtussg@w%d Aocardingt tébte: .
b I ce y. e _piLezoe I

onboars) CORANRRIHG ohBoRbi! el BRSR IO RORNTAE Bl Dol gFoRSEE T |

battery poRwRY' (saptpafysFQIMhiesia?@lgepemtedjby\ghebmzbele@thatgy 207. opres dae t he

o1 zoel ccperees: RRvohS bl fuiher 3Pl qta! 1BEV AL b, SRa At uethe

(F:)oncept oge@ﬁfﬁ&defotmgﬂé@e daﬁar%@tﬂmﬂl@ysyﬁaw(refer to Figure 3). .

Specifically, sensitivity of the vibration of the , fixed and novable fin

el enents 300,302 is adjustable, in which the underlying principle is
gover ifed /NSEFNI@W%V» $hescdasadacquisition Mstem Bndosfiguredsaes as iateraguafiton: WO

2012/ 039@%%’%& W&é@@%%@)olwhrough)fhe "dé&sﬂnsﬁﬂ'}eg"\é%% §H}gar€|§8'éﬁ}en§?tgm t he

res ectlvely repre nt a
st i ff nessacqumtm §p$t@msm%¢ﬂlveﬁr dtatae fiees $he dinaeleveents 3W0B3ARaswhent gmuhtjr st

i oot aceriRbletfudts. e dehfusgooning S hel dhik aliiegt . BMlelB0d. o o
t he mass GOMRrgpsRd \inigepetal dackets. t hEhes ydat@ panketerare empnmhanhmtmdl ade t he
nass {s ”)teletrﬂlﬁrySts'lérde‘?St% #hé()ceﬂﬂ'gl trh?nlpcﬁ{%'egg?]t&?\e&\me ecQJtns%oongEhuk;SeLe

t he nechani cal resonance frequency, enent
cal cul at é?pﬁgﬁtlﬁgtqdhéyﬁtﬁms)v\jqngp@dgemmgn further analysis. Transmission links

between the data acquisition system -and central monitoring system can be
realised using any .connection means as described.

20 As shown in Figure 2A, the detector 100 includes a signal conditioning circuit
212 and a battery power supply 214. The signal conditioning circuit 212
comprises amplifiers (not shown), among other onboard components, to amplify
the signals produced by the piezoelectric patch 207 before forwarding them to
the data acquisition system.

25
The battery power supply 214 is for providing electric energy to operate the

| signal conditioning circuit 212 and for transmitting the signals from the
piezoelectric patch 207.

30 The detector 100 is developed based on the concept of single-degree-of- |
freedom system (refer to Figure 3). Specifically, sensitivity of the vibration of the
fixed and movable fin elements 300,302 is adjustable, in which the underlying -
principle is governed by Newton’s Second Law of Motion and expressed as an

| equation: |
35



47r2f2 =kl m(b) 15It is to be appreciated that the nmass and stiffness of the
fin elements 300, 302 are related through a nathematical rel ationship,

i nvol vi ngwohel1xysosset ri ¢ paraneters of each fin el ement 300/S&0@1,1/000326 essed
as: the mass being proportional to volounre of the fin (mass ('m = density
("D x length (T) x height ("h") x thickness (T)), while the stiffness
(1<') is expressed as: 20 k Eht3 /12/(c) where 'E represents the Young's
nmodul us of a material fromwhich the fin elenments 300,302 are fornmed. It is
apparent from equations (b) an®¥¢ty tRat ™35 when the mas®)('n) is

I ncreased, the corresponding stiffness (R) is also increased (although not
necessarily in a linearly proportional manner). In particular, changing the

sti ff nessytagre/tpé témes ndf ‘ot hae fited; ang g NPV abd e il BlyeleprEydhs a3RRss302
affects the associated sensitivity of vibratsion of thé fin 30 el enents

300, 302 ahe damping deéﬁibmnmetﬁetdiﬂfmesl,sﬂhﬁgjiérblfﬁelétﬁéﬁb’omhetrh@sﬁgﬂa)é@ﬁ_rﬁﬁbr ic
patch (and hence.. e detection frequency of the detector 100). e range
of sersi [b@sfergh%gﬁéi e 81e”¥ﬂtéved8{ et dpe éeoq\%ttm ET'Yﬁté’ea?ifjld%_t éﬁfjéh_ﬁy 'usi ng
any or caidplacément sfithe hasesetWRes thd busd vinraidsi theFdyiHanas rdspchs@ ofWRech are
WO 2012/ Q39681P /%GZ 11/ 000?26 flhl . I

mass is largely dependent on the system properties, which include the mass

(‘m’), the stiffness (‘k’) and the damping coefficient (‘c’).

70 Further, the mechanical resonance frequency, f, of each fin element 300,302

may be calculated using the following equation:
Ar*fr=k/m (b)

75 It is to be appreciated that the mass and stiffness of the fin elements 300, 302
are related through a mathemétical relationship, involving the geometric
parameters of each fin element 300,302, expressed as: the mass being
proportional to volume of the fin (mass (‘m’) = density (‘D’) x length (/) x height
(‘h’) x thickness (‘t’)), while the stiffness (‘k’) is expressed as: '

20

k=Eht’ /121 ‘ (©)

where 'E’ represents the Young’s modulus of a material from which the fin

elements 300,302 are formed. It is apparent from equations (b) and (c) that,
25 when the mass (‘m’) is increased, the corresponding stiffness (‘k’) is also
| increased (although not necessarily in a linearly proportional manner).

In particular, changing the stiffness and/or mass of the fixed and/or movable fin '
elements 300,302 affects the associated sensitivity of vibration of the fin
30 elements 300,302 and thus, determines. the sensing frequency of the -
piezoelectric patch (and hence, the detection frequency of the detector 100).
The range of sensing frequencies of the detector 100 is therefore adjustable by
using any or combination of the methods illustrated in Figures 4 to 6, which are



based on equation (a). Accordingly, the nethods used to effect a change in
the stiffness and/or mass of the fin elenents 300, 302 include: (A) Changing
a geonet rvoab1adissisance between the fixed and novabl e fi RCISGemaNdE32800, 302;
(B) Changing the nature of coupling orl connection between the fin elenments
300, 302 and side walls 106; (C) Changing the thickness and/or size of the
pi ezoel ectric patch 207; (D) Changi ng the mass of the fin elenent 300, 302;

or to(E)A c n.. S i fical ures 4A and 4B '
1 uot s nt 2 ﬂ’*%%%ﬁ%% PABAIALGD the PiRrs §2e9 Lo clREyS Ehange dnthsut ed by
t he det ecsWines8tangjoradpes bf thg Bn gleometts B00d0Stinciege’ D bet ween the fixed

and novable fin elenents 300,302. As shown, the 15 distance 'D between the

fixed and novable fin el ements 300,302 is changed by | oosening bolts of the
nuts and bol(®) setGh=8EMB 20geordetsical disgaridechamsril thef fixebaaanbvaf fal ong

the guide slots pace the nmovable fin el ement 302 further away
fromthe fixed fl?e(ri:égfeé%g;nbtotg%% as shown in Figure 4B. As an illustration,

consi der t héBronfGhangitg ctheohatune bi/\n:ob'pnn@l emdihaedith HiweeAceoffin 20 two
mllimetre thi ck érﬁentjs'bo%%d SF‘% narlhso%ere the two fin el enent s
y

300, 302 are cl ose arrange ure 4A, the nmechanical
resonance f(€yuerGhanging tblertdldkoetmandlat Sizevdfahe piezoectscpateha@orari able. In

a second sc ri e 'n ement 02 are now separated by
four milli ng??esfb%ghﬁe@%anﬂ%gc%’; <hgs 3'58’@”?9@&%@ c9r| s f2 = 110/C, which

i s 25&ppr oxi(kEht elAnyfafiihe @bnve combindtigner than fi- . In this way, adjusting
the distance changes the nechanical structure (i.e. stiffness) of the
support nenber in the formof the fin elenents 300 302 in order to vary t he

sensi ng f3pepikically, Gigurbe ddeard Ub) illlidBate method (A) which adjusts the sensing
frequency to be detected by the detector 100 by adjusting a geometric distance

‘D’ between the fixed and movable fin elements 300,302. As shown, the

75 distance ‘D’ between the fixed and movable fin elements 300,302 is changed by
loosening bolts of the nuts and bolt sets 308,310 and sliding the movable fin
element 302 along the guide slots 203a,203b to space the movéble fin element

- 302 further away from the fixed fin element 300 as shown in Figure 4B. As an
illustration, consider the c_;onfiguration of the two fin elements 300,302, each of

20 two millimetre thickness. In a first scenario where the two fin elements 300,302
are closely arranged as shown in Figure 4A, the mechanical resonance
frequency is found to be f, = 8/C, where C represents a variable. In a second
scenario where the two fin elements 300,302 are now separated by four

millimetres, the mechanical resonance frequency is f, = 110/C, which is
25 approximately fourteen times higher than f,. In this way, adjusting the distance

‘changes the mechanical structure (i.e. stiffness) of the support member in the
form of the fin elements 300,302 in order to vary the sensing frequency of the
detector 100.

30 Figures 5A and 5B illustrate method '(B) of reconfiguring the coupling between
the fin elements 300,302 and side walls 106 to adjust the stifiness of the fin
elements 300,302. As shown in Figure 5A, the structure of the L-shaped
brackets 202a,202b,205a,205b creates a certain stiffness of the fin elements
300,302 which enable the fin elements to vibrate or flex in response to

35 surrounding vibrations. = By replacing the L-shaped brackets



30Figures 5A and 5B illustrate nmethod (B) of reconfiguring the coupling
between the fin elenents 300,302 and side walls 106 to adjust the stiffness
of the fiwoebenmsmiss 300, 302. As shown in Figure 5A, thePsTiSGeo11reo3dé the
L-shaped brackets 202a, 202b, 205a, 205bi2creates a certain stiffness of the
fin elenments 300,302 which enable the fin elements to vibrate or flex in
response to 35surroundi ngvi brations. Byrepl aci ngt heL-shapedbrackets WO .
2012/ 039 1,000326 12 202a, 202b, 205a, 205b _with _nodifi ed L-shaped
br acket s “@%gé’gg%&%%gﬁg%ﬂ@h HHW'ﬁ'SgaLZfS@BFérbrér’:é%tsm%e%ﬁpgt%@s@ﬁt%ztbhe fin
e: ement s mmo %QZQ@tdealiea_teﬂcbmtaEl;jgﬂithethEB‘_,in b:l@'n@rﬁtisfim%w ?fs &é’tlﬁctfeidnin

el ement s s thus increased accordi since the fin el enents

300, 302 aﬁgu’#o\%)\ﬁh‘iﬁ‘ﬁe“%ﬁ?%f’f i 8!%”&%%8%9@%%?* ¥ {nereasgs)acqopdingly
mechani cadined tha:fi?reﬂaeménthfﬁﬂo‘f,iswhefe;ﬁawtmoﬁﬁﬁmhaﬁﬂedi ﬁomm@roﬁﬁm.ilguf\ﬁd to
vary the sensin requency of t efector 10Q. Figures 6A to 6C illustrate
t he  met ho‘?ﬁa)(’gbe ?C&?ﬂﬁ?& ﬁéH?tHé? Pgtr}ee%bﬁ%"&ﬂt%gopﬁggs’ﬁ s (Re@NFgureddos i n

el ement s \a09 {302eMying frdiqogney of thewistegtorneses 304,312 to 10 the fin

el enents 300, 302 as necessary. Based on a desired vibration frequency to be
detected by the detector 100, a specific nunber of masses 208 are attached

]'Eo or rerﬁjgglimésmmmm&d mggabwmmf maﬂCboB%) Wﬁfchgﬂﬂéamﬁ(}@allyh?c‘éhhgaﬂeisﬁtge f
requency, e_exact _number .used may depend on nunber o
factors iHc CﬂﬁlenoéaﬁﬁJ'%'FW?%@HE’éagﬁ?yeﬁgq'Bg % mgm?ﬁ%e%éﬁﬂ@éa t®hange
in the 13heffinfélamentn800,302fdsmalessaryt B384 3A2 dédiedWibeitionl fréq@ﬁc}mi ch
t he mass 8 f,0 a al so e_anount of gvail abl e practical space
within tﬁé 'ﬁ%u%e?%‘g'efoéﬁgﬁ @%Pfiﬁrnb&gu? ?91%"”5:%51” rr%{i@?ﬁﬁﬁau%\% i¥R. For
e>r<]arrpl e, atashedrtg ¢ emduegufromd B, finvielentieitn®)0y863 fohehamginghd0Abratidnas
shown in

f

i 2 t h 3121 d f th ble fi I t
302 and (1HLEE s TaeTRRDLRER! FiassEh 2BuiAcemey HepeBN & SUB A1t hus,
][eduEes tfaetomasicl@ing gne gmigmtmgdeetoﬂm'redgft%f%eca;gtthedetslheafdmangf ihfthté 202
urther S t e of the mavable fin e n ,
this @ha%@e%%g w@cﬁ%%l%@&?nqs%d@u%%iﬁe 8?3%?“%‘ ftﬁ%'vé'gﬁ‘éh ?ﬁ'%"@séﬁ%ﬁﬁg&ﬁ? and
t hus, thdosugpant atentter amaddt navdimbielptamicansssce3bithinnibecsassing ho2

stiffnes e, fin.element 302 a t hus, .conseguently 25affects
t he sens?%gg?irggﬂgar)%}é)a/t%fdetsﬁrgdp'Jieé“zo&z'lggE%an q%ét%’ﬁ?%?’. Stﬂétﬂ}%ﬂ'topﬁﬁéqw &bove,
t he sti f fAleshieniabudeasethe roassdse3d4,812lasnshonh BORIgA22 Bptheainaes [3a2akt er ed

by changi | e f . the piezgelectric, patch 207, Particularly,
this i nclrggggggééﬁlﬁhgurﬁlgﬁ%l?ifl.%e.e e&%ﬁ?cﬁapdatagﬁ hedrugps rtgﬁomﬁﬁ'ﬁ)olflttﬁ% 30
pi ezakel emavablefin ather@dit 38D aand fthes | reduces ther masefofithe eatiredasedtdronkness.

For inst ' hi.c Lezoel egtric ch, 2 (e.Q. i,sing a
pluralit ?ﬂﬁ?h%%3’8%28%%@?05%‘5@??@9%8& g’hés'szg%edgé? (r)tégp'gﬁg? r@&yn%f ﬁﬁ? eases
the stifmasblofintdemenn3e? eivsnth8@ksstheaeecharisal stroenratofithe emoesidle ai ned
;r oo ;'t %@[‘gl’eﬁﬁng;égz”gpg;lgg%,gg{e?g%ééiodr?%én%&r‘? Réding tHE GANYL RS 5147 ue for
increases the stiffness of the movable fin element 302 and thus, consequently

25  affects the sensing frequency of the piezoelectric patch 207.

As mentioned above, the stiffness and/or'mass of the fin elements 300,302 may
also be altered by changing the thickness of the piezoelectric patch 207.
Particularly, this includes reconfiguring (i.e. replacing, adding or removing) the
30 piezoelectric patch 207, specifically in terms of its size and thickness. For |
instance, using a thicker piezoelectric patch 207 (e.g. comprising a plurality of
stacked piezoelectric patches 207) correspondingly increases the stiffness of the
fin element 300 since it is somewhat more restrained from flexing/deforming due
to the added thickness. The converse is true for a reiatively thinner piezoelectric
35 _patch 207. The number of piezoelectric patch 207 to be further added to or to



35 patch 207. The nunber of piezoelectric patch 207 to be further added to
or to WD 2012/ 039681PCT/ SG2011/ 000326 13 repl ace existing ones is
dependentwonof2zasteis such as the change in stiffness requirsedofi®noeach fin
el ement 300, 302 or the di nensions of Bne such piezoelectric patch 207 as
avail abl e fromthe correspondi ng manufacturers. Mreover, the stiffness of
a fin elenment 300,302 is also determned by the 5 material fromwhich it is

f or med. fin.e - 300,.302 for,med using a harder material . is stiffer
whil e onéefoéér%r?e%%gﬁﬁéwé’ ngs Jar4ePenigRE PR ;1?0#%58 ISHEE as ther CW?P'Q(?onéﬁ‘fi?%%ﬁi An
oper at i onregluiretie fateteachorfinl@lerhent dXI0eB02 ngr vthbr @irh@nsiold | bf Nehe bsuch

802, a user (not shown)

descri bed_; L0 fer e to Figure 8. At ste )

of the de?'gcé)%'&ti'go[)gt&ﬁugp §§.|eav§g%§lpna'om @&%e‘??(fFee?ow'nﬁemifﬁféquﬁs-
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conbi nat i ods_descri bed_.above an Lllustrated in Figures
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det ect ushatgriahds detiféart ohilé O6ne Toemdet esih@ra 16Mter smaearial LBNTHsRt ebfftip a

surface aéc}rﬁpér% %Iity for detecting vibrations and is left there. At step
e S

804, when urface shakes, the vibrations are picked up by the fin
el ements 300, 302 which vibrate correspondingly and this causes the

i ezoel ectri h 7 deformin sponse,tqQ.the vibration. The
e or mat 125 P BRiSH o e Qo8B ool {of dsTR e ab ationsorih b becdesgribed
el ect 10 cawitpoeferdrical todtiguten 8t e spape802| aaiser $n@f§t&ﬁ&n)3¢fdhémaeae? qobi al t Ih S
t tot i | ndi L i i circuit 212 for onward transm ssion to e
Gata noquidis 38 scBPRe AL BrkarbE S baiant e ng she "RAVER D M0, |t ne
el ectri calemegisaB@0,302 usiten apy @c s sethbmativh eofditre amathgidis Sddsiceibe 8 \eblo®8 t O
obt ain a 4,

' [ I nst | te 5 vibration or
Qo o ¢ AEEA Inusttaletin' Mg Gile" £1636 86 TR Wik osdcared Riration FaabeBaep
i nt ensi t ythe cudes) wisbes ebedeatect wsirfgad:he)rde}tdstabr !190r eltvee deteiced ri fﬁo ?étﬂ;]é)af :
[ [ f [ ' L Jf..it is .,ascert e a e factor
ggf:ge ;tgmglfrgggﬁ%g?ﬁtuﬁ%%g%évg ?fglﬁt:yg?rtsd?tﬁg?ﬁ%\bfﬁfﬂn? ao{“ﬁ'ﬁpﬁf?ﬁ'@er?o be raised
(e.g. possible large eart hquakg), an alert i sI generg]t gdl at d'St elp 8;0. .
Ge ' e ubl i. | | a
v g 18 28 SChindfRihe QIRALS Eokds, IS AMRNEAs AR ik P SRR B af e
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e, 3ot <GPl of9P41 b L R Sg B e TR RS RtRe 0
20  of the piezoelectric patch 207 in term creates an electrical potential due to the
piezoelectric effect and this potential is sent to the signal conditioning circuit 212
for onward transmission to the data acquisition system as electrical signals at
step 806. At step 808, the electrical signals are then processed by the data
acquisition system to obtain a result, which is correlated against a calibrated
25 vibration or seismic intensity scale (e.g. the Richter magnitude scale or Mercalli
_intensity scéle) to determine a factor that is representative of the intensity of the
detected vibrations. If it is ascertained that the factor exceeds a predetermined
safety limit that warrants a warning to be raised (e.g. possible large earthquake),
an alert is generated at st'ep 810. Generating the alert may comprise for
30  example, publicly displaying a warning message on a screen to users, sounding |
a high-pitch audible alert or activating flashing hazard lights.

A top view of a prototype 900 of the detector 100 is depicted in Figure 9 and the
table 1000 in Figure 10 shows results from tests conducted to benchmark (with
35 reference to the Japan Meteorological Agency (JMA) seismic intensity scale) the



35reference to the Japan Meteorol ogi cal Agency (JMA) seismc intensity
scale) the WD 2012/039681PCT/ S&011/000326 14 trenor performance of the
det ect or WOQomympesst a conmerci al seisnoneter (e.g. an &oalSegua/onsde!

CMG 5T from Gural p Systens Limted ofi4Readi ng, UK). Both the detector 100
and Gural p seisnmoneter were assessed under simlar testing conditions. The
results show that the nmaxi num neasured signal 5 deviation of the detector

100- ver su J i i D% while an
2bsol ut o e TEE pEHbRNENGELEMYRAEE S 1 BRI IR Sinthar 8l Sorbflonfete .87
pr ot ot ype2BCNalagueh atasted reMEaphbiremoGucalpplysibine pienifear ofiReadisg,t &) Gur al p

sei snDet ghh m&&m&.s19@%06%ralbh§?igﬁ1roﬁ%tt&r w]eQﬁQ a%rsggéedce%ngﬁr %g@?f%r‘“’a y of
reconfiguring the sensing frequency of the prezoelectric pat nd

t hus, thetegiR@ceditios. Slibe eestéiscshow a0 the atadmumexpeamired signalke and
depl oy; a | ' d C¥nd o1 e. Lt is.ahle to be

depl oy5edn€%\§étm%téﬁ? 3’%5%@'?13%3%@% %oéné&.urr%g %’g%@%%?%ro'ﬁséé%rlP§ﬁge}e§et ector
100 i ncl udid Sifs ayrile thes Bieapaspiute iifferedceiis iaparaxemataiyl 7¢5%i | Teageswdisr i ng.

Parti cul id i t |.ar r..mnute
accel er aﬁHodr%tiéfﬂq%ﬂ?}rﬁtﬂ% %@p'ds't gf&@f%??ﬁﬁgi°ﬁg§§fpﬁag5§?rpﬁegﬁ>ﬁw§gca@g to

ear t hquaklés . Gyraip esismemeter he det ector 100 nay be depl oyed for 20
nonitoring tremor occurrences in |owseismcity regi ons such as Si ngapore,
Mal aysi a, Thail and, Southern China region (including Hong Kong), Korea,

Vst et’n B Hpis, arrarest thamateetar 100hrrovidgs| @n Easy wayl obtrecondtgeoingi thg t o an
embodi MerfensirdierrdLendybr 100 dizdbisdlic o300 gl FLOT e kiR 1dp. the
detector 100 i's al'so suited for nonitoring abnornmal vi'bratrons arisi'ng from
ot her 25 YWAadi detegtart $0Q g ralas ingxrRisiveedo dnaks emdvdbplayi amd siraes ésby

machi ner i i€ i o ) l i e

constr ue?@?@i_ﬁ‘n@aﬁ%é% r%’%t{nﬂgéi%g?&?%{%&? ﬁg%@%ﬁr@%ﬂ%fd{ isar @fg ee%g‘ggioéent ,

the first2PRigRYRNAS. pai r 202a, 202b is slidable along 30 the guide slots

203a, 203b but ot her ways are envisaged. Also, instead of using bolts and
nuts.for attaching the fin elenments 300,302 to each other or the masses

304, 312, Fwplicgtionefarithe sdeterton 10RO wiRRUsaachisy seiomptogyf hazardohitigation neans

S02a. 2020 Soaa SHEAERTing2oFarticfer). BB Metplior 08 BatoliBERer o e St ¢
35 shaped@i98n®leMinyigt acaedrtalions @f twildingscen per cinibengipaering dructirees -
due to earthquakes. For example, the detector 100 may be deployed for
20 monitoring tremor occurrences in low-seismicity fegions such as Singapore,
Malaysia, Thailand, Southern China region (including Hong Kong), Korea,
Western Europe, Eastern America., the Middle East and etc. According to an
embodimént, the detector 100 is a seismic wave detector. Optionally, the
detector 100 is also suited for monitoring abnormal vibrations arising from other
25 dynamic events such as landslides or even vibrations cause by machinery at a

factory floor.

The described embodiment is not to be construed as limitative. For example, in
the described first embodimént, the first bracket pair 202a,202b is slidable along

30 the guide slots 203a,203b but other ways are envisaged. Also, instead of using |
bolts and nuts for attaching the fin elements 300,302 to each other or the
masses 304,312,314 to the fin elements 300,302, other forms of attachment
~means are envisaged. Further, each fin element 300,302 and respective bracket
202a,202b,205a,205b pairs may also be replaced by a contiguous piece of C-
35 _shaped member (not shown). In the described embodiment, the masses



WO 2012/ 039681PCT/ SG2011/ 000326 15 304, 312,314 are illustrated as
cylindrical in shape. However, this may not be so and ot her shapes and
sizes arewenvizmgesd to create the desired | oadi ng ef f ecPCTHGROITASERE

304, 312,314 may al so be configured suéh that discrete weight portions are
sel ectively receivabl e as necessary. 5 The support nenber of the described
enbodi nent includes two fin elements 300,302 but it should be apparent that

ly the £4 fa i S.NeE t
monber /11 304 il dp3Mllaidse REREA ShHRE BN PP RE Pt s
304 or usandothes shaipes anet $ivels aseigguisaged toeaedteche desiraddbadiop dffect.he

pi ezoel ecty Gh e d.simla i I ric,p not. _.shown)
may al so ﬁeé gp?%i:e%eaagéqgﬁﬂi%nﬁ%& ]agsggb%f &%rﬁl %‘z%?res %lhn{h%f e‘ﬁ%‘%?t%d%'wit alter
its stiffpetens areiselentieivicendivatib@seasssaryity of detection. Optionally,
15el ectroactive polynmers such as dielectric elastomers, instead of

pi ezoel ectric materials, may be used in place of the piezoelectric patch

207. Al unihe swppertuvetbas drthexdensiribedfembedinmnérineludéotwohfin felemehtsment s
300, 302 %Oﬁ%é%mmtdshgﬁloapg%@?mentt 'iﬁ‘étt(ﬁrg{?ﬁtﬁ? g?égﬁihaélém%EFsgé’?éb%Se 20 The

descri bed enbodi ment di Ssc usi ng second brac pdirs
202a, 2020n268eh Z0Z@se o thaimupportt menfhean/fiel elenert 302,809 Mritmedtarfically

el enent s J . t g i . i er

ot angeneacon ety bifind e 1R 468 6. ang RIIShEN tdtiote SEBGRRBYCTe o
t he btlackearierzs 202b, 205b bei ng renoved so that ‘the other brackets

202a, 205a are used to support the novable fin elenent 302 and the fixed fin

el enent 300. Needless to say, this also changes the nechanical structure of
the fin dnedditien s0thapedoelqninc ipatdha?07 ha secohd rsiwiampigzoblgstria patch
variatio Lred: I q - f ~det ect or
100, 30" TS arent BV dif bR dnRap P Tackipl IEERE K Aprlehf 208 g
hori zont dP #itairits istffeegs. 2nd cansenupndlietp. sesitinilyr of detecorn@ptiagally.t hat
the dete " ; t ri I . ical"
vi br a’t%it o%ggﬁﬁygﬁé%lpgﬁ??l%%@%%? éésjgéstﬁg helgglyé?ée}g't gfsq%cg(? fﬁlg%%éﬁlgéﬁlg second
enbodi nernateriatshamanmbense¢din place of the piezoelectric patph 207.

Aluminium is used as an example of the material for the fin elements 300,302
but it would be apparent that other materials are possible.

20 | ' _
The described embodiment discloses using the first and second bracket pairs
202a,202b,205a,202b to support the fin elements 302,300 but the fin elements
302,300 may just be supported at one edge/end in a cantilever arrangement.
This variation is shown in Figure 2D which illustrates one of the brackets

25 202b,205b being removed so that the other brackets 202a,205a are used to
support the movable fin element 302 and the fixed fin element 300. Needless to
say, this also changes the mechanical structure of the fin elements 300,302 in
particular the stiffness and thus, this variation may be used to tune a desired
sensing frequency for the detector 100.

- 30 |
The detector 100 of Figure 1 is ‘particularly useful for detecting horizontal
vibrations (e.g. earth quakes). However, it is envisaged that the detector 100
may be adapted to detect both horizontal and “vertical” vibrations and Figure 2E
illustrates such a detector 1000 which is a second embodiment of the invention.



WO 2012/ 039681PCT/ SG2011/ 000326 16 Li ke parts of the second enbodi nent uses
| i ke references with the addition of 1000. The detector 1000 includes a
first serworomrmgssgenent having a fixed fin element 5 1300/Seadi1a00syabl e
fin element 1302 arranged in a simlarw arrangenment as the detector 100 of
the first enbodinent - i.e. the novable fin elenent 1302 is novabl e

hori zontal ly. The detector 1000 al so includes a piezoelectric patch 1207

adhered to the fixed fin element 1300 just like in the first hodi ent. In
St 1 on e B8, o Sihs! s ehoby AR BRcifiaty e ikecisersacetaty 1 ARESRT

i ncludi ngio0D0 a first. horizontal fin elenent 1500 (horizontal in the sense

that the fin elenment 1500 is parallel to the plane of the base platform of

t he housing) and a second horizontal fin elenment 1502 arranged above the
first horiheodétattori1000liestedés 2506t sehser brraagement Aavihgla fixed fl el@agnt1500

pat ch 207 5P FHEeGERETE I FBRB0l TabhAaIee] I s uieqaradeeeqbern
"verti caldetedtor a00oof theedistnembodineertecared thorinzoablal fih ieerabemBp2 1802 is

" heP e Tl FREEH 0] T btErl 1005 i B LR Sk e3> '
inr rkgcmggrermdmeoéd tthethdefieed dn Elmeft 180 fjusistikenhotheTeingt) embodinesriti aal | y.

e chani cal ructure of the horizontal fin elenents 1500, 1502
are 20 ragtgﬂ'r?fnrg?ﬁ g%ﬁegﬁfrn%rooag?of'bc"féersya SREOR] BFNSL A 2ngeBIel U9 iP&quency
t 0 beodeteefitstchorizantahifis elamnent H&0AdghentartallM0the semsar tHat tharflnyelessfngl f or
detectin t.h t ri.zontal vihrations depicted b rrow X and,
verti cal gl\;?:a@rlgtqagﬁléengg *5%;5’5%’2%8* BS? Q??%W@?’”Bf gﬁﬁgﬁm%‘%@% aﬂﬂmz/ﬁrsteﬁgf'fj t he
det ect or hb@i@Ontias fie eil¢rednt t5aarangdd ghove duufinst yoopomaels ieteaéntWeBoDs t hat
are |longittudinal . in nature for i ce,. P-waves (i..e. pri.nar es) as
wel | as f-ltylré Qgstqer(\:?rfzr?&%‘hérire|mggs]:5ﬁ§t alzi?ec?rlr'gﬁsee?'géo‘?lgdﬁ'&t B%/t@],qla%/"l??
exanpl e Shoawpsinfilareto the qoextmigetriapasch\20h of thedetectsretp®bay cofigiirede t o
P-waves) .. . F er, h, a_ detectar 1000 .may al sa.detect selsmc, suLface
wavesgsué §%5&3R3§#g?dghvg5§8§'§ \6'@" Jf'8\?efr\?/8§%'§°.y'gT'b%rsgc'?"ih%%ézogt%hf'?d
enbodi neriernéntt 1802 ngendupiad viloi ahd i mol aldlesredatmed to - ther &cptiemarizontddr fih i on
det ect or ' [ I gur e.detector 700 incluydes.a plurality
of - sensorianent, R e #ote, Bihberlas M AET RIS arfarensiiy JREE 1B thE
confi gur ednsar arraegementdof ther detiectar braft obthef fiesd Leammodimedt)t butsyertically.

Likewise, the mechanical structure of the horizontal fin elements 1500,1502 are

20 reconfigurable in order to vary the “vertical” vibration frequency to be detected.
In this way, the detector 1000 is particularly useful for detecting both the
horizontal vibrations as depicted by arrow X and vertical vibrations as depicted
by arrow Y, of Figure 2E.

25 Further, the detector 1000 is suited to detect high frequency compressional
waves that are longitudinal in nature for instance, P-waves (i.e. primary waves)
as well as for detecting shear waves that are transverse in nature, for example
S-waves (i.e. secondary waves with a lower frequency relative to P-waves).
Further, such a detector 1000 may also detect seismic surface waves such as

30 Rayleigh waves or Love waves. '

Figure 7 shows a third embodiment of the invention vwhich includes a multi-
freqdency vibration detector 700. As shown in Figure 7, the detector 700
includes a plurality of sensor arrangements 702,704,706 with each sensor
35 arrangement configured to detect a different vibration frequency and thus,



WO 2012/ 039681PCT/ SG2011/ 000326 17 expands the scope of application of the
detector 700. Each of the sensor arrangenents 702,704,706 are conceptual ly
simlar twothe/sesssor arrangenment of Figure 2A conpri si RgTSG01f1iorESde and
novabl e fin el ements 300,302 and t he ©ii ezoel ectric patch 207 and thus, it
woul d suffice to briefly describe that the first 5 sensor arrangenent 702
includes a first pair of fixed and novable fin elenents 708,710 and a first

01 cront  RoBaR4D ThE Sesibe: 20 AU, A AElPoZBhe R hdhe TR o e

to confi @lmraeagbhﬁnmedbarYiO@amesbrwcbma:tuéllyt Iamlfarrtoetlhermnssr 2@ngethesd as to

Senci ng. P51 BELRR, Compie aa bR AEd A ARG IR Aprfalf pROA g E! -

first sempssroetsotiacgatohr207/86d i, ||mbuldesyfbcsenbne|ﬂ3pdescrm‘e tlhlat(b‘cb firsd

nmovabl e fin el enents 718 econd k z | t her ed
to thé fiSEBECT PHARIAEN 7%@&% §irﬁt P%"& ?%gﬁta%?@ 3@3 f?Hs]o |nc gdes a
pr edef i ngdsEIDsamE alfRst Fiddod26triat pactin@d2 tadubeetdbtaatig fixedafid etenoenta/ (Bur t her

nmass nme s at.tach to the | e I d t he
second ggeer‘?farfz'bﬁ [’?%JIS PPUPL%EHI%F A Bé?yef%egrﬁg%:%n qggér} 7{‘{]%6
f requencyn oehiérftercﬁmfngﬁre)thet mechamisal stanﬂunegoﬁhhecfu*eakemerﬁ@‘mé 7’t1I0| stasensor

arrangenent, 706 i ncludes a, third f nts
730 740 ARduES chp rirsh PEZSRIEtts PR i 94 3B S PREBRAE e gl

el enemt Fauehoyever, unlike the first and second sensor arrangenents,
there is no mass nenber attached to the novable fin elenment 740 and i nstead
only the fixed fin elenment 730 is attached with a mass nenber 744. As a
resul t, rme §d§lidl1ﬂi Qéwmrwmnwmaﬁg’@zﬂeistsimlapno shedirstheensior radrasigemssitect ri c
pat ch 74 ured t InCAhd

differ ent lé%gacaoﬁ%cogﬁcﬁffﬁéf t dﬁ%gﬁbﬁ/?ﬁle rérewggzg8% dhd %an

appr eci atsfedond fwezimﬂmtlorpa}’MM?_ atcﬂneremrtcv dlhellzrﬂxedlfrr'eﬁtennem'ttlﬁrﬁecEé!Qt1 fio det ect

di fferent ,desir Sin nci I i of the
descr¥ bed"?‘@?ﬂ%gqgéﬁgaﬁﬁsuswcﬁj%g g p?g%%ﬂm cé{?z[}7¥ e@%ﬁqab%ceﬁf‘gg%%aedg%%hgg
descri bedhérnetd badfin addltuenhaotdurtrmenmaﬁheember 828 ishattarhtegdodhe Toavable fin

Con Sar ek B 3115l SRR SAkLP B aHbEBH P04 RO (P detec®

second sensing frequency, different from the first sensing frequency.

20 The third .sensor arrangement 706 includes a third pair of fixed and movable fin
elements 730,740 and a third piezoelectric patch 742 adhered to the fixed fin
element 730. However, unlike the first and second ‘sensor arrangements, there is
no mass member attached to the movable fin element 740 and instead only the
fixed fin element‘730 ié attached with a mass member 744. As a result, the third

25 sensor arrangement comprising the third piezoelectric patch 742 is configured to
detect a third sensing frequency whiph is different from the second and the third

sensing frequencies.

As it can be appreciated, the detector 700 of the third embodiment is tuned to .
50 - detect different desired sensing frequencies using any one or a combination of

the described method for adjusting the mechanical resonance frequency as

described in the first embodiment. Therefore, the detector 700 is configurable to -

provide multi-applications vibration monitoring.



Figurell illustrates a fourth enbodi ment of the present invention which is
a nultiple slot vibration detector 2000 which includes a housing 2001

havi ng siwe 20133682002, 2004 coupl ed to a base 2008. ThePhoss20ug/08G32d al so
i ncludes a cover but this is not shows for ease of explanation. The

vi bration detector 2000 5further includes a signal conditioning circuit
2005 and batteries 2007 for the sane reason as in the other enbodi nents.
The vi br gt on.de 2 LLAC : i LeSt Pai SOt 1N ckets
20108, 20 J0RI% 4 UBEk et MR HEFEfrk SicinelBldsel) IO RNRACKS S

sl ot t i ng mwitiRke slot gibpatidadeEttly, 2MMwhizblinpludes faoh erging Y00 hdhavingh sigded
menbers t r I K ! i ,ﬁg@a e, a
support nvgal e?aﬁ):%'r@logu%(ﬁ%t@%%&?é%@%iﬁgﬁgwﬁhae emer?ﬁscbzz)l : ashovvn
i n Fi gur ecover buhthigihnat slewnlderceass oRex@anatidrudde wbpationodgteetor i290Pat ch

2018 st . j de.; e efﬁ?&fi Eri i t he

pi ezogiEl ec ﬁpgpﬂ)@c{r@%égzgl@aéﬁ%Q?'ﬁée'h??'ﬁbe erretnt% eégl%bgggﬁng%%r@ZrWOﬁ\%mat has
been descaneedasontdscindhbetherrdiobodiments. The vi bration detector 2000 al so

i ncl udes two masses 2020 nounted to either side of the fin elenent 2016 in
order to tune the piezoelectric patch 2018 to detect a particul ar

f r equencylhesSvibratianhdetertor 2008rindedes vdirsPpai of slqtting isdeketai20l 0a.20d@bnd pair
of slotti 0 A 2 i S b e i Vi he

abi 11ty G o SEEbn st U oEksstp0Pha PO 1857 Fakll S1gRIGY sEFRets

anot her f203@achob, 20i2a, 2Hebeis Foemed pariue kisbapeg dgrerabersppl ¢reats aséotof t he

vibrat i ony delaqholn 2899 which S8l e (SRINEY Shithrt Mémbie oo to

frequencies o € sensor use r ration detector 2(_)0I may not- be
r econf i gwibitate sueh ap@ihelemarit @Rt 6aAs shpwnrie Fagureghls dne sibratpndeteckire of

such det ga%dgﬁ,cm%s alggaggt%ggﬁ pdtah z{ﬁ% ;E&‘s(t%@{b?\e&ﬁ@gid(e%frﬁ\@ fi emédtessl y)

to form t erogeneous on networ shown). Based on an
enbodi nerk016: #nd thet eperation wéthwpiezpglectia patel 2809 8anskihe-fist glemest 2§ 16i r el ess

sensof; NeLwhhliad RARGP AN TBRA 685 diibleBGnPh! Afet 8mbddfeds. Yhe! Akfaien30
I nteroperability for crowave Access (W Max), that provide nobile wreless
access atdeleetpniRO88 ajs@inciydasntyp fMasses 2OREsvommtgd| tot githepysige pf thafiny of

technol Os%saenpaé% ciﬁe gi&rqenaﬁ&m@bagen %ﬁféﬂ%&eh%@rto#&%@ctw chapé}o, 700

is treated as an In ende_nt netwo.r ode an pe_rmts_ larrecti ona
communi cdreauenset Mense WeyVibeativondeterign X0 isgprreyiesd with iysafem pal of

35config ' D o I i n Yduided & AmiftyPsfothecol s
adopt ed E%%%@SEE%OS%&%%T SﬁGZHigﬁll%v&t)té@gS?LQf#ﬁlg nodes are cgpabl e of

ad- ho® r olibriatign ( fletectarna@feridehe eanfigsredider detedt anetRry HasuaNFoul g and
resili entthEFéf?r%t @&m(faﬁﬁge PRRS of ApbHESions THEIRE QlRatidh1@etsttbabedodat a from

each node 1's Torwarded the central nonitoring station through various
succeedi rhost] Keeanpragates that ihe cseopgatreqeencirg phihe ARBRY fstthers, the

pertinent,;heRgh! &%e@{or%ﬁﬁbﬁna‘}%&@bg REbANGIRIBIRL MMholbR i8¥BigRIRIsd@el NCl ude
rel ati ve ease of deployment, substantially robust against conmmunication
fail ures reapnfigurpBleof essential inportance in earthquake scenarios for

contipued nonitoring), and easily scalable for |arge scale deploynment. 10

Multiple of such detectors 100, 1000, 2000, 700 may be connected (wired or

wireles'sly) to form a heterogeneous detéction network (not shown). Based on

an embodiment, the detection network is realised as a self-organising wireless
sensor network that communicates using protocols, such as Worldwide

30 Interoperability for Microwave Access (WiMax), that provide mobile wireless

~ access at distances greater than the Wireless Fidelity (Wi-Fi) family of

technologies. Under this configuration, each detector 100, 1000, 2000, 700 is

treated as an independent network node and permits Dbidirectional

communication between any random neighbouring nodes lying within a

35  configured radio range. Particularly, the underlying routing protocols adopted by



Just like the first enbodi ment, the second, third and fourth enbodi nents
shoul d not be construed as |imtative and the simlar coments on the
possi bl e wanoetiesss of the first enbodi ment al so apply POTISBR0G10bhE26

enbodi ments. 15While the invention ha® been illustrated and described in
detail in the drawi ngs and foregoi ng description, such illustration and
description are to be considered illustrative or exenplary, and not

PP , e _ / . VO
20121 0996 LR IR 8 (EPRRBaeL A Bok butd Bp. iudiinalhP ot RRBPLERARERE ., t
a suppor t bagatheuting sange desibei Eﬂanwrmdwtﬁanm&lllae) ang'bdretforedetfect a -
vi brati oned| e &Rty imt &S HBRET & fBFrWPFHed ‘ié‘%&?&rﬂ{}l%ﬂ @? ltno be

det ect ed %eln ependent on the su ani ca
wher ei n t o p@rﬂcﬂumn@f@edmgred}a@nntabd@ uuamgumpne;amrmmngal Among

reconfj gu € r f eg&fm Y.t
SenSOI’jl J ﬁ‘ghg Oth%re Vi bl’gtelﬁé)n\nélnget?éedce?%%’ Jf al mn%RNQ% gﬁ%ﬁ&%@%g?losfl ﬁg neans
for varyisisteme %mdﬁdet rRlativgese afedapdeymedt, shbetantiphntrobustdagaiostor of

claim 2, écHﬁrtnﬂﬁfc ?I Dl ﬁlré‘g ?‘kﬁleﬁh@%f r@%‘%@ﬁtlaﬁflmlpo?t%'n@gt Y eLyrtRd e N9 a

pl urallty of pre mass t he support
scenarios for continued monltorlng) and easily scalable for large scale

~deployment.
10
Just Ii‘ke the first embodiment, the second, third and fourth embodiments should
not be construed as limitative 'and the similar comments on the possible
variations of the first embodiment also apply to the other embodiments.

75 While the invention has been illustrated and described in detail in the drawings
and foregoing description, such illustration and description are to be considéred
illustrative or exemplary, and not restrictive; the invention is not limited to the
disclosed embodiments.



varying the nass. 4. The vibration detector of any preceding claim
wherein the support nenber includes two plates novable relative to each
ot her to wW0j208403p48¢ support 20menber's stiffness to var PCrise2willonesé on
frequency. 5. The vibration detector20of claim4, further conprising an
attachnment device coupled to one of the plates, and a guide slot arranged
to guide novenent of the attachnent device to create the relative novenent
bet ween t "‘B?o plates. 25 6. The vibration detector of claimb5, wherein
the attachnent device is replaceable by another attachnent device of a
different size to adjust the support nenber's stiffness. 307.The vibration
e attachnent device includes a bracket.

detector pof clai o) , erein. the

8. The vi bfr?at [ o'&;llb(@é té%r{ 8%68%5%7’%?8}3” ding claim further conprising a
further suppepdrt member aarangeddd vibrate; dintif erent orientation as the
support nenber 3 furthe nsor _arranged to ect a further
vibrat’i on f reqaugﬁgsso ro$%’19§ dftﬁrc{ﬁll%ﬁ d \\7\'Br t?f‘z?’%%‘é%ﬂ#%%%éﬂ&ﬁ?td%@%ﬂzl
support rhelvératiomé&egubnat foove Hetegtezhioging nigpeddsntf sretheesuppottameatbeb'y

hori zont ga| _wi.brati . the further vibration frequency includes frequency
caused b?n?/éédﬁl?‘l'%&sg\glc@jr?g‘tion. 59. The vi bration detector of any preceding

cl ai m wher ei whédreins éhe osupport eocembedsir miecbanioaladtusture his swgxgphanicatigber ' s
stiffnes iLhrati Il m.9 erein the sensor is
reconfi garre%%'ﬂleql_@%%etgr\{gw {e?%l \gg'teag@%gkﬂq{eﬁ%g%g] ﬁedret%\égﬁg g’ly QB? "Wt ferent size
and/ ofo t hi ckness. ‘

2. ’ The vibration detector of claim 1, further comprising means for varying the

mass of the support member.

3. . The vibration detector of claim 2, further comprising attachment means
15 for selectively attaching a plurality of predefined mass to the support-member for
varying the mass. '

4, The vibration detector of any preceding claim, wherein the support
member includes two plates movable relative to each other to adjust the support.
20 member’s stiffness to vary the vibration frequency.

5. The vibration detector of claim 4, further comprising an attachment device
coupled to one of the plates, and a guide slot arranged to guide movement of the
attachment device to create the relative movement between the two plates.

25
6. The vibration detector of claim 5, wherein the attachment device is
replaceable by another attachment device of a different size to adjust the
support member’s stiffness.

30 7. The vibration detector of claim 5 or 6, wherein the attachment device

includes' a bracket.

8. The vibration detector of any pfeceding claim, further comprising a further
support member arranged in a different orientation as the support member, and
35 a further sensor arranged to detect a further vibration frequency of the further



10 11. The vibration detector of any of clainms 1 to 10, further conprising
a further support nenber arranged in a sane orientation as the support
menber, awo 2012003vdsher sensor arranged to detect a furtheCTsiGhoEtDE26
frequency different fromthe vibrati o frequency of the sensor. 15 12. A
vi bration detector conpri sing: a plurality of slot nmenbers arranged
to receive a respective one of a plurality of support menbers and which

enabl es t ' S | br . C r iLAg sensof
arranged %%&Fggtéhpggneﬁ rf\;{{b?%t#'goﬁ%g%%u nggag?é’%hgegﬁ%ﬁt%ﬁger@ 13.

The vi br R9rzentRlt wibratiorofarghfher ietber ngbtisnmiresheney rinclhdesi frequérmy
detect or dais@dHy iHiCalWGtigRt ector. 2514.. A nethod of varying a vibration
frequency of a vibration detector, the vibration detector including a
support nenber arranged to vibrate and a sensor arranged to detect the

vi br ats ong f r eapgNGibrafioh Nfots t Lhe i brat fied Lo be
det ect ed bei nfg de enrdé(r)lt_ or% %{Egoaguf)g%ﬂ?gér%drlrggr(‘;lémprfe@hg%?%at gs%ltfg'ﬂ;yu'rge, t he
met hod cdRpPRiiyablgdaeadisiiteasrppere oambeyly stiffpesee support nmenber to vary
the vibration frequency to be detected by the sensor. 15. The net hod of

claim 14, further conprises attaching a plurality of predefined mass
to the sulfbor tThiewbEatianodeteetes df ctaimyd, relerein ther senses is regeofigusiiedyer to

vary Lne peivy pdgiadsdole giteniotner dander ¢f BARRALRCILSGRAMH RARAGR 22 16. The
rretho% of clalm_14 or 15, wherein the support rre er 1 ncludes two

11. The vibration detector of any of claims 1 to 10, further comprising a'

further support member arranged in a same orientation as the support member,

and a ,further' sensor arranged to detect a further vibration frequency different

from the vibration frequency of the sensor. |
15

12. A vibration detector comprising: _

a plurality of slot members_arrangéd to receive a respective one of a
plurality of support members and which enables the support members to vibrate,
each support member having a sensor arranged to detect the vibration

20  frequency of the support member,

13.  The vibration detector of any preceding claim, wherein the vibration

detector is a seismic wave detector.

25 14. A method of varying a vibration frequency of a vibration detector, the
vibration detector including a support member arranged to vibrate and a sensor
arranged to detect the vibration frequency of the support member, the vibration
frequency to be detected being dependent on the support member’'s mechanical
structure, the method comprises:

- 30 mechanically reconfiguring the support member to vary the vibration
frequency to be detected by the sensor.

15. The method of claim 14, further comprises attaching a plurality of
predefined mass to the support member to mechanically reconfigure the support
35 member to vary the vibration frequency.



pl ates arranged to be novable relative to each other, and the nethod
further conprises noving one of the plates to redefine a separating

di st ance wbenehsbeseen t o adj ust the support nenber's st ipChsegaiitooo3eary the
vi bration 5frequency. 17. The net hod2of claim 16, wherein the vibration
detector further includes an attachnent device coupled to one of the plates
and a guide slot, and the nethod further includes noving the attachnent

devi ce al®ng tﬂf‘e Sfé'tﬁjcﬁ‘i ot QITalrﬁOMW?St\DFer%ﬂ'P'tr?é upp r?.%ehrrent fuagd +@f any of

clainms 14 to 17, further conprises rep acmgt a eV|ce W th
anot her 42tgerafeangegeta be '@PV%\bléllﬁfaiWénfto sacte Oltftﬁra@ndsfthe miethasl fuystirer

nmenber’ s o%ﬁﬂﬂrfs@%s%ovlég éﬁe dheraetdiads Oto ARy |§1eC|aa'§Bl\pta?'§t ri% &§tanf:8” her

conprises reconfiguring the sensor 'to adjust th

sti f f nesdherepgtwere togddivet Bie suaperit 1f96mméﬁe$trffrr6§§owf Vg ithey Vclbr@tlgensor
COITpI‘I;SESfre%%I’eﬁanCI ng the sensor with another sensor of a different size
and/ or thi ckness.

17. The method of claim 16, wherein the vibration detector further includes an

attachment device coupled to one of the plates and a guide slot, and the method.

further includes moving the attachment device along the guide slot to move the
10 plate

18. The method of any of claims 14 to 17, further comprises replacing the
attachment device with another attachment. device of a different size to adjust
the support member’s stiffness.

15
19. = The method of any of claims 14 to 18, further comprises reconfiguring the
sensor to adjust the support member’s stiffness.

20. The method of claim 19, wherein reconfiguring the sensor comprises
20  replacing the sensor with another sensor of a different size and/or thickness.



