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VI BRATI ON SENSCR FI ELD OF THE | NVENTI ON The present

invention relates to a vibration sensor having
wonbmsiopiies t r ansducers in contact with fluid copdBILEas/000797

within a sensor chanber. BACKGROUND COF THE | NVENTI ON

Det erm ni ng the di M@%ﬂ@%wsi ty of

vi brations provide tion in many

di verse technol ogical fields, for exanple, seismc

lotting of an e ' nnel activity,

gnd I nt ?usi on e #ﬁiﬁzﬁg%ﬁ%ﬁ&%ﬂgﬁn prior art -

vi brigd %)1@_51311% fRRfioF RIAES B8SviBratib@ %@Wﬁvjﬂgﬂnﬁf%ﬁi@ﬁ&nsducers
o with fluid in a chanber. As the fluid vibrates in
in coppowik flul apintrirad witlin ialsesor omnsher. t he chamber, the.

transducer produces a signal that is received by a

signal interpreter. The interpreter uses the signal to

charact eri ze BACKGROUND OF'EHR INVMENTIONquUency or

vector along an _axis passing through the fluid. To

chaPstemeiningethe direstian| @w/orningamsity (of evibseigns pravides| valuable .
. . i i t i or.:
infEARGh T 1ERF ARR Behoflcel SR oF Bty Xeis S BRI of an
earthqtizitee heatingy tonnelavedtynandintr@sipaetvert detebtgorvi br ati on; as

seen in the foll ow. exenpl ar at ent US Pat ent

ng. s: In :
45286 DTN PEPRFL V la%ﬁﬁorfga%a%c thed t&ﬂ@%&ﬁh&hgomact with
fluildl 3NS5 BktGRBer R3tthd FluRAL kAL W REPIIRE 489 itrikichs| thitl ShrRRY the
detects horizontal seismc waves. In US Patent
changgn 2b6 ransduger broducky aeighalvhattie sachivsd hy gestgrabingerpreter. The
.. conprisi a fluid filled chanber. havi t ransducers
i GERFEREe e Sl 4 5 TR P imRHepT B SRORING e dector
alofg &n BGSPadshgRhvpE theqUi@ut signals relating to the
direction of the_earth's notion. SUMWARY OF THE . :
| NVENFh@Rptanzeas peetias ingmuliiposieremtitiple sneorsy easbrinving a
. L. O S ] . .
STRMER R SEMBLEES oGP BLLEPOSTUARELN e sppor s e
anddoranowadd waitlvielopaat tcothe vitigtie as seen fraishiefoll@wving exemplary patents:

el Ha e A3 30 ot A1 PPN BOSHE PP LEoRiane digsducer

thaBiBREANY @b bdiCOMhRGHd WelkBls WBEzdrkd isBisml Wik
exéenpl ary enbodi nent, the sensor further 1ncludes two

or VU8 Rrsint dd34298; dtallohr., tEraess Micteachep o gevplome dcoanpoising a

o U B, BT RS R b SR e
geopBbN&REefe b&l {0 provideniFns aithaRNdRtihpad tRAGSQSioh HFAKG Barth's

the center of the body, each body 1ncluding a port
mojgpt ed to comrunicate with a signal interpreter.

SUMMARY OF THE INVENTION
An aspect of an embodiment of the present invention comprises a vibration
sensor that simultaneously provides output signals along multiple axes of a vibration,
the sensor having a vibration-transmitting housing surrounding a chamber, the
chamber containing a fluid and having a surface substantially in contact with the fluid.
In an exemplary embodiment, the sensor further includes two or more paired
vibration transducers positioned around the chamber, each transducer having a body

including a first end; a second end; and a central axis segment between the first and
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Each first transducer end is operatively associ ated

with the housing. Each second transducer end incl udes
w@2asanddiici ng el enent operatively associ at ed RET/IL2065¢000797

chanmber fluid. In an exenplary enbodi nent, a first

AP BSdlUG, Ly c lab iRUGd
e RSt 20 Tng BERB of 12 QP Blen AL 1Bing g por
adapteddo gbmanuhicast with asigoaldeterppéteeach pair, the center of

t he_chapber and through a secqnd transducer of each

pai FECh RE fransqucet 67 3¢ GRET AL YL SERREEHec 3 sth s dign ach
sec¥hdrahddfer! enfl GAdTRds %m%&&m@aeﬁ%m SerdivelyNRsShABPRAth the

In an exenpl ary enbodi nent, the axes passing through
chamber flpidst and second transducer pairs are planar and

perpendicul ar_to .each other. Pl anar axes,,as us

hor O AE Sl @iy SR 8erty A Bl P e, RatPfdansducer
paiphr@Rired Brodfid exaiamdensoaiediiRenlis pdes thRNgRA firfatdhd@ser

at least a third axis containing a transducer pair )
of eachiprir thy csaier atithe shamberrand {biough arspeond;trapsdugstioSeash pair;
the! répactglus%gf‘mcpéﬁr{sﬁuce%%irg Eﬁiﬁ]k%{ﬂ% @{br!it?o%s'ﬁmfc}r&%ﬁgn ?Ifomt {1113 center

three axes passi ng rotig ransducer pairs are
of thechanbkrcul ar to each other and thereby characterize

vibrations in the X-, Y-, and Z- axes. In an

al t ﬁ%ﬁrwlaweﬁﬁbéleﬂe@nﬁ&dﬁ% PESSIRg, oghy e direietnd greond
trafduéSapdirsONE Paak Al JHRRIMEETS daBk! GRS PBRar axes, as used

anplification housing to anplify the vibrations. A
herpins refienrto axgsetbat ligfalonpgen pinge fat plamvent i on conpri ses a

e Bl BB BRUB Y, oS HELPR 5 T RE o

coritdiBing i GahflucASpdirs sichilAAY §lafred tif @héVBiatnerf dfuthel"first and second
desi gnates "a conti nuous anorphous substance that

,“aW@H6§PFG&fIOM/and to conformto the outline of its

conpai: 3 -' l.j Qui_g.

o "OBSI, LS P8 2 00R BB s
arerpesientifvatar it each sl aing ehdrebyviHaratdriza vibrétsong S theE+, & -n and

"vibration" refers to the response of the chanber
Z-2¥§id to motion or oscillations outside the chanber

or i g APAItdAChtive exdmbIBFy MBRimERCHRA 1aAddulLs 88109 !oﬁ@bair of
systens; the chanber "fluid vibration pressure being

trampduears tiglusles an amplifietioy hawsingtepiniplifd éhe Vibrebons. s'  Shock
and Vi bration dbook" . .Fifth Editian; Edjt b .
oy AT E B AP AL et e Fna o oo e o

vibrdtloA SHHE Bl east BAETSt pir #hdde YéasCorieBtondPauafiSnidugers.
pressure of a shock or a vibratory notion into an

opt Péarsednbensini bal werd &flaid’r desagnasgsgnal confaproyss amorphous
substance that tends to flow and to conform to the outline of its container” (Word
Web © 2005) and includes any liquid or powder suspended in liquid comprising an
inertial mass that is responsive to vibrations.

As used herein, “vibration” refers to the response of the chamber fluid to
motion or oscillations outside the chamber originating in, inter alia, mechanical or .
geological systems; the chamber fluid vibration pressure being measurable in
frequency and amplitude. (“Harris’ Shock and Vibration Handbook”, Fifth Edition;
Edited by Cyril M. Harris and Allan G. Piersol)
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proportional to one or nore notion paraneters. As used
herein, "transducing elenent” refers to the portion of
wo b@ostonaasducer that converts the pressure of POBIL2005/000797
vi bration notion into a si gnal (ibid) There is thus

U1 Dra i fontr Pl REDH P oo PR BepRiRattess I of o

shotk ain e0UibedtSry hbBors @Mis G SR, inSdchghial ClradE@ficaMsidhial that is
housi ng the chanber including a center, a surface in
P

pProppitioRaldp ong oF MPETEOWIN pPasemegrst ace are subst antial l'y

equidi re 0 .

Vi bjpgtu%cﬁﬂésrg%él ?%I{/sgl?vflﬁ% gl(‘?f!:th%hst an fjhllaj3 O?tﬁ%clc))ﬁ ac?ﬁm&hcer
thatdniverthihe puestae ef thEhébragors miotibm rrttdn esighalcl(ibdBs t wo or

alrs of vibration-sensiti vaéﬁran ucers,. wherein

eac Kn4TF s Bu RrovidgH AQHIRUGH SeppRs ap F mepyyring vitgations,
the 38R Sdving tRBMBAURbEHaGeditlalsdiers e@x%tseﬁ’sr@)? c§ﬂn?ﬂ§£h g & chamber

interpretér. Each transducer has a body i ncludi Rg
withinrashouging, fhecharober incleding Adewserd agotrfadean which 2l mhoxrsadf the

soriope® SACTRLRRTRRL R B b RO R v ottt <

vibptiohi sefisitiviuifl istisstantialdy ROEdntROwith tRpeERAte.vel y
associated with the chanber surface and includes a

tr ahBuNRY didhsninchideeptvr 9o ,n@qr@, nPaiﬁt of e yibratipn-sensitive
i
trar%‘a éétrgﬁ)tvll%g f];égflla [r%%‘sﬁltqgegt&%at@lh% Igﬁlg%hgaq}sqg ad%pted to
cormmdmpanet with atsldast opersagnaV enaqsreter. aEaahn trahddcérhas a body
and, each transd alr of the two or nore

. usin
ine et T P BTN e gab S LADARh 853 SET T SeH GEg R PRgsine
axiSIPN iHr&hghS®E Wefier 6f 1R BddySbetWeaN BRUGES end 5@1181@%@%e second

center, and the central segrrent of a second
enCtIPCa‘thducer Optionally, the signal interpreter

57 othf By dhantilin B Pain@tesPaar wiitabt Shimby ahloc ma

_inchida$ 8 dragelusing! dleriéht Q¥ Hoyti ROk ortibh 6f easan@fucing

the two or nore transducer pairs are planar and at
elemgpisportipi being substaritially i semert tvhittotig Hluid. Theaseongrand portion

is 1@1' CP% *VE:aa.'g 5'5‘1‘1%[1 v9 ‘% [heI ﬁ’ 1§Inlgl &St Hqgngc{uchegﬁf 89 ltl?e V\%r or

esp ect to a
moseetrmsdu@atlpmrp mx$ud&g ah Iakmqubsmg tHrexa@i the rentsea &egrdent of a first

transd air. tlvely t he | east t
tragsyeRs 5&8@ Fgmero e eniFalitbarmem oh seoopd AetidESr
pai tloﬁ’ang' tihe ﬁﬁn&l eﬁ%rpx‘%ﬁ:? f)xli‘)'vfdéstz[ta[bigtu%ﬁé Mafidih B aknd

is at |east one of: Planar, and oblique with respec
subttltacfun@thp signals (gf:netrated by ehdhanfithe atdegst trapairts od trankdoeers.
s. and t tge at b ast qpe hi r. 51 tr ansduceg@ga&t raxis
s BEpbeanLy Sopgiens U wies o5 e hE SfimorE e Bair are
plahdramd Gl (A6t @RI firSt A pABAkL |tMou%lh§t [84st be@ kst irBhi@cer pair is at
transducer pairs congrl se at least four transducer
least one of perpendicular and obliquely angled, with respect to at least one second
axis passing through at least one second transducer pair.
Alternatively, the at least two transducer pairs comprise at least three
transducer pairs, and the-at least one third transducer pair that is at least one of:
Planar, and oblique with respect to the plane of the at least two planar
transducer pairs and the at least one third transducer pair axis is perpendicular to the

plane of the at least two transducer pairs.
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pairs, and include at |east one fourth transducer pair

angl ed 45 degrees to the two or nore planar axes.
wapticonmahks y, each transducer of at | east one tPpransicez000797

pai r includes an anplification housing. An aspect of

an enbodiment of the present invention conprises a
vi bPBEPEHY s 10F b eaptlieR (raBifuice Pas cempais¢ aleast four transducer

paifs! AP HERRE St 1daBCoRSOIRE tEAMRELSINTarkd | & BB el th thd'néb or

housi ng, the chanber i1 ncluding a center, a surface In
morghlatar akés. porti ons of the surface are substantially
equidi.st ant fromthe chanber,center and.a vol ume of a
Vi DRI shef epaSierl o S Rants Aot dulh Reuded an
amplifidatibhBosditid ace. 1 n an exenpl ary enbodi ment, the
present invention further includes one or nore pairs
of Anisseact of-a8 emzhodiment tof he stesentsinventtionedompsisesha vibration
' ni e Wwth.at l.east on
srkABSEE of B RRIRdab TR LERLP bl Gl
a hbogyg,t thatchambbru thetuding b reghtes i sidiciei i@Nwhich MalBp6iti08S of the
égction | area, a second end portion, and a centra
surlags ST SYPRARUIApY SOPKigtanki fEam yihe khamber evikercait arvobime 196 a
vibRBOH-sBIR4 NRAMill Bebstantisily RNSnRRE iR theAligrthie second end
portion. The first end portion, 1ncluding a
t r alnsatuekemngpletyeesbadimente picoprepont tinemtian dusdler includes one or
anpl.i ficatian housin C rises a support el enmen
o Bl AP T SR, S SRR e e 1
con@h@fiest , witthat FABPeHd sibidl | kit NRCR trafBdiReMRlrdiRr hhdhe a
surround an anplification fluid and a nenbrane

bodyithaidpdudass fimeensinosiém wish 8 genss septignalme¢ap s iserpnt lend portion,
i fq ' flurd, t rang further .i ncludi a

ot 8 L i 5 TR AP B BB

firsae¢rebpdrtomandsthbsécant iead pyrtigneat er than the first end

porflo cr&is section. The second end portion is in
opet Bt 11575 end Bytip inglHdifg @rransducing @ pmgntaserpiigiertion and an

amplifRABEY %ﬁsiﬂ%ixéorﬂgristep @ Qfﬁ?%ﬁ’ relégﬁén? rﬁé&jggl?{%] gr?rrn Rl Socdty and

I ncl udes an axis ‘passing rou segnen
beyohd gh¢ i transdyaimg sthneet,, thehsupphetimpeludorgnbee anthotchevalls that

central segnent of..a second transducer. An aspect of
sunid B anb R iRp i 3T FUPERRENS AEAHHOL Wermuppgh clepent and
enclBRapUhE Rehphifiehttinathhi@Nthe R batd fBtheMHBud R bl afdadRteontact
_points, conprising centering a chanber surface around
witly theeehagibep fluisk, thef gantdch grea theingsahisantially tgnedtérthan the first end

porﬁg@C%Q 098, fluid vibration fromat Ieast four
neasuring poi nts juxtaposed agai nst the chanber

surTiececomhendportiah id @acerdtive asR@&tioh REtH B HoSsiag @nd each
tranls I(J:Caetr %gir %lf ?Qegor?e (f)rl rrn?)ge t?g(nlsguc%? ?)gilrsn?nc{utziteg ggzxis passing through
the central segment of a first transducer, the chamber center and the central segment
of a second transducer.

An aspect of the present invention further includes a method for measuring a
vibration from four or more equidistant points, comprising centering a chamber
surface around a center point, filling the chamber with fluid, measuring a fluid
vibration from at least four measuring points juxtaposed against the chamber surface,

wherein at least two measuring points are located along a first axis passing through

the center point and at least two measuring points are located along a second axis
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the center point and at | east two neasuring points are
| ocated al ong a second axi spassing through the center
w@eioatn111@t i onal |y, two or nore of the at | easpPCT/oL2005/000797
measuri ng points conprise transducers having
4 GRt 4 sl PGs. e
pasfp (bR S R S QibgBRE o Br (DR BE TRPRE leasy four
medsnong powntsaonpoise tragpdiickirs having gaplification howingl ng
cen ering %.ﬁhanber,surtace round a center pqint, .
cort APHRCROTANS Prssent iveRtiop PRkides ¢ methed fptReasyHag Ayitralen
froR twBRF fho¥d &ffdib@hk JHRRS WohdpdisBlb @ERBLRg b Bhdribd 3098deldrllhd a
with the surface, placing an anplification housing
centgy @pint.gontaung e flnsd evithinbtha tsidacespaaposing teb emenire vitmation

nmeasurin fluid vibration from | east. two . .
medtBREE e o i he 5o it o2t e et nBRHRG ntle pmplification
housiif R@E theVves 81 oé vite@sdn feBsuRBAlmdts B Rlelsin@ a fluid

| ocat ed al ong an axi s_passing through the center

vibggph fronBYy least e oRaRFinENpadHs TN $ATS! theethgimdey surface;
bS8 01, IS ASRALTRANS o G VBT 85, B v o

centeepeimence to the figures attached hereto. In the
figures, identical and simlar structures, elenments or
parts thereof that appear in nore than one figure are
general | y BRPEFISEYERIPTION GIFHE DRAWIRGS ©f er ences
in the figures in which they appear. D nensions of
conpumplay mndlimgmguerasodsonta afrthe eveitigu mes descabed in the

qchose timarily f.or conveni gn and _cl.arity of
foll SR hoctin o iead vifhuelerncr & Be dibpies prpicsied biterd o fgures,
ideidaPediEdmilagithR furéy, elenfeh or hafi§ oEeoR 1€ REFRE inCm¥icqWarPéne
a vibration sensor system in accordance with an o
figusprBrecaeneiatly dabeledavigy g spme phsigvler epferergeg in thedigyvgs im which
[ i ' tion r Fi
thef Bk TnEHRLRC AR ahd Segblndl BB BBy drden
prirharilg for @inyerdattefand claditshiwsseatapiv e asdimi@ rof AESHAfBY to scale.
havi,ng an lification diaphragm in accordance with
an tﬁﬁﬁﬁ? gW¥FS e present invention. DESCRI PTI ON OF
EXENBLARK o FYBALMENIS VWP | B R S50 OBt | BMadcb@lance
1 shows a schematic view of an exenplary e odinent o?
withay embadiment sfghe pres@r@inveatiomg a central, substantially

154 anG o¥aq S Eexriaf iy e SRR R o g 1

~ acchidahét PR amBfbbEmeH ¢fabEHRSEnDInv@ntiéHishdg 100

conprising a material adapted to transmt vibrations

frofigad BOevsiaersseaiemnsdueer bavipgian aisplificiaprdiaphmgm, in
acchAan @} ln? emBodIBEf! 6fqi1e present invention.

DESCRIPTION OF EXEMPLARY EMBODIMENTS

Vibration Sensor Operation

Fig. 1 shows a schematic view of an exemplary embodiment of a vibration
sensor 100 having a central, substantially spherical chamber 150, including a spherical
surface 154 and a center 156. Chamber 150 contains a volume of fluid 152 and is
surrounded by a housing 100 comprising a material adapted to transmit vibrations
from an outside volume 112 to fluid 152, comprising, for example, a material

including metal and/or plastic. -
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including netal and/or plastic.ln an exenplary

enbodi nent, chanber 150 includes six bores arranged
WO paoe/0ihinee pairs aligned with each of three arRe@BRIIREE/000797

182, and 192. A first bore 170 and a second bore 176

each HPMRnebI&S Uit ScR&BRE NS0 Ww Bbdey aﬁhﬁg%qqto

with an X-axis 172 that’ passes th center 156
threetpiatre abgnes Wil eanmofathfee wtmllﬂgrl&,léﬁﬁl Eac A fissybom 170 and a

centr nent ubstantl

seo g 1718 Shhus Y seued o ot ubyaiafE ghenkapfyp X-axis
172btﬂmq;a3~.&@ tRdddgid c&tert I36DArtRird 86reei@OMndaVBusth GEF 158 cadlk hive

segment substantially aligned with a Z-axis 192 that

a cpyiEnd @xist wEmgghsubsiantallyl glened witlhpal jagis pilethatipesses through

cen{eg qﬁ%%ﬁglﬁ)}} égrg:lf;)g) %756)&%%16&8 rlgg)%%%bg g‘ &%gglay( 0s,egment

substaﬁdlalbjeﬁlgﬁed W&ha(ﬂ;l@xmg923ihefmfsteslﬁr3uglub6{tafﬂt5l6al ly in
contact with, and responsiye t e pressure of fluid
T 5oh giypten erﬁgsu&eaggwsé@ceaHﬁeu@?ﬁ%ﬁérﬁeéPxWe With glye in each

of @af@gm’y@rwserr@@dwa;eribo aftd 906 r@{d meru%pa%fa%ﬁ dﬂcﬂggo [Sment 162

connected to each’ transducer via paire
submm,lallyan comthctl 94th, amdamssorpwertedthcabl:sesarelaﬂﬂmdnldécxtlbratmns

transducers 160 i-n bores 170 and
WBT %ﬁugué&ﬁgm%’ f%s 184 connect interpreter 102 to
t r ansaeRnsplA§OerhBoddRERS a LBhaB MtlerbBler ORI Sorkd@b® td 84ch

connect interpreter 102 to transducers 160 in bore 190
tranggerer 960 veppaisd £pblps 1éhbI84and 194, Xggisappiredgables ¢74 connect

inte I182 1§ Q}{gggdéxggrﬁflgkj lin %l ?e%t 1"7'0‘13%8 WRS %(Saxé \éﬁbl% h&F c?rngct

nnecti ng trans ucer used ‘herein,

interereter "0 a0 achnsdirces6IB0 nebhees 18® and) 8ACYiaxes €ubldd 8S4 torthect
trans gnal can be characterized by

16 wh
lntwteagﬁfteogmggwma@%@effé90f&\néo}8éncy or phase.
At O¥oalIgNEBIGe T 7 1A GRNRIALS: gg;ﬁ;slﬁeno rRe9fA Slectrical

energy ta physi non bei ng
wiree &80 paes aoithecting wdeclpirersdeteed60.i ¢ and i nductive
160 PaSS|ve t.r ans 0 measure

d
of 1AL UG DEIRE ghy 4T TR 5173 B0 PBY g of Passive

trarGARRE 1 1169, wosd RIPMEH bad by cﬁaraaterlgécpﬁp Wcﬁtagé”élﬁféht aRglitude,
i ncl ude resistive, gﬁgCltlve i nductive, and

frequspere| o8 dihassn iActive Arassiveens d 60 aenerstmeleetrisiptignalhfipmeenergy

k) BEh B RCATDRET RN, G04L Rl BT TR S Lrcpipy and
indummeudmsmm @01 HesiveneintduaaisdisoenesiieQhé beftct tof @vSphykical

wave signals, for exanple, in_infra red frequencies.
phepamengn on gRsREVINAAIBRA! e AT ndugiivity ofranneleritie cursens\and daclude

resﬂﬁﬂlveelcgﬁaccllt?\}e‘;:’ n@duchbeatan'd ﬂt@é}&'t%ﬁﬁ: insHESEPY 86, 5103)‘?3 eddinples

an exehpl ary enbodi'nent,” signal interpreter
beingElrust Gandenseet dndrroiled wire and magnet arrangements.

Alternatively, cables 174, 184 and 194 include wave guides and transducers
160 that transmit wave signals, for example, in infra red frequencies. In still other
embodiments, each transducer provides a wireless signal that is received by receptor
102.

In an ‘exemplary embodiment, signal interpreter. 102 records information
provided by the output of each transducer 160 individually and processes and/or
analyzes the signal either during or following recording; using any one of the many

signal analysis processes known in the art.
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provi ded by the output of each transducer 160

i ndividually and processes and/ or anal yzes the signa
wekdaoh®riiguri ng or foll owi ng recordi ng; usi ng aPgT/ee0nfo0797

the many signal analysis processes known in the art. By

way, of ex le, . interpret 2 ad Qr subtracts

o YRS e R SR aBlen MEPRIF 155, 6308 of ST s G acp gt of
twoP Brah&tRicetrs 11602 locktel83n aghel/ Xt17Z; 13 8axgl/ort Bergebyxes, thereby

aggllfylng or. attenuating signals and/or elimnating .
amplidy g gtienuating sigaaly prd/ax ¢lopnad G extragpeus diduse; vlhratioroppise;

ST LA BT, D TR e
corsing fimim alh8weatihs.on from X- 172, Y-182 and Z-192 axes is
t hen d by.interpret t h ' :
t nr D GHGHE G IPI0B TR S gy2-oT 408 6 41 o xepop then
pro@dssGEBY Glterbrferdl(@NG chi@ceéride Z%hreé(dﬁﬁ&lsﬁ)ré\gll Qhte OF gégréy state

axes. This characterization, for exanple, provi

of flluatjuddcyt aemtendd@hi alone thefXrlvat i61h83 candiat Zel¥@ sxass dlrhis

100 can be used in place of multiple prior .agt sensor
chaffederaton TpheormpaBRgas St o SeBuhde hbpafEcE ha
onceXERH 20 cBO e H plabe W inGilMtile PrDE 4EeIenddt® tha each record

nodi fied to be responsive to weak signals. Mdified
ﬂoﬂgéﬁ@ﬁbﬁ@ﬁ-l60 i ncludes an anplification housing 200

co [ L ! :

pav] 8> o DAL RERBAE Anblubict & SRk iBhadiBlI B3 modified
to beedspiaissreato | vadafesigiatsf Mxeliedeansdaddr 186 GncludesianamepliZition

and a_transduci ng el enent 262 encl gse lume of . |
housign F UL SPRPES AT FYIstaatinlon rietd,cent ovelf &38&@5}?& @ vibgation
amgﬁ‘ﬁcati-gﬂ EndhGasus ) Bar RRENNY b MABE s RARED WalTBID 1A Ebrane
20 causes nenbrane 220 to deform wherein the pressure
22@fanfl|auirghs@dding slemene? &k enclgne gporltine rodicompressibleramplifisation
q %Eaﬁgfs acc&gdiqg to the following formula: Vo R = Po
W Lhets FRAMREG 28Phe pressure variation applied on

MenPhepRsAdof &lich %ilirﬁtﬁm%g%ﬁﬁ%@mﬁﬂihb abp esusemetibRe R0 to
transduci ng el ement 262, VO = the volune of fluid 210

defoan ovkerpipedis uressprs Pk flaghPi@ds invesseln proporéongbtvelugtetric
chafglggé cgt:ld(?nr%a{ottﬁéf oRiRAfopmiAl 1 ation Po is applied.

ed upo he” above T ormul'a, vibration pressure on
menbrane 230 results in an elevated vibration pressure
on tr ad¥dgei MBI ®nent 262; the resul tant signal, for
exanpl e, aiding interpreter 102 in distinguishing weak
signal s b omdekarouRdtifPhsified on membrane 220;

P, = the pressure variation measured by transducing element 262;
V, = the volume of fluid 210 before pressure Po is applied; and
V = the volume of fluid 210 after pressure variation Po is applied.
Based upon the above formula, vibration pressure on membrane 220 results in
an elevated vibration pressure on transducing element 262; the resultant signal, for

example, aiding interpreter 102 in distinguishing weak signals from background noise.

Vibration Sensor Variations

Vibration sensor 100 is not limited to the embodiments presented, but may be

modified in many diverse ways, for example, providing unique configurations of
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Vi bration Sensor Variations Vibration sensor 100 is

not limted to the enbodi nents presented, but may be
wormbMiles i n many di verse ways, for exanple, prOVIIGDESE00797

unique configurations ofsensor 100 for the nany

s SFRIOEH 235 Bl DA GRS ST s b

wap eﬂsxampléz @nlyi 4 fewRBdificatisr8 PEBERG: 100 WHMEXBEPleddiited.
enbodi nent, housing 110 conprlses an upper section

© 142In @ prsmplary embogimenthansidiesl 1R CQRIDE Seseat URRAST ?mwn 142, a
1ow%!rt§efcﬁéz‘1§' V&I YangD Uﬁh&ﬂe 13Q4ibs Ukﬁ‘éﬁgﬁ%?y,' 'i&o 110 s

i ece or exanp e using injection tec ues.
maﬁsfastbmdnm ode bmcaé‘orléﬁ@nﬂﬂnjuslﬂ@mjmdof{nimdﬂmgteﬂ:&xﬂqmd 186,
are | ocat ed tlon 40 whi re 190 i s
| ocAf SHOVR Xpﬁ%xﬁs ﬂéﬁr@ ! 78nhdz Y pegres 15(2 apé%écarﬁelacatﬁd in

mldicgw@écﬁ%ﬁ ClapORhilé 2 boRd dbd i O NRhieBah ru%Fé}f seB@6E 8nd Z%Bore 196 is
shown) provide additional signal ormation to signa

lochted & sqctivnd44ddi tional ly or alternatively, three

o o A3 oRERir pE pored Gt Mg VR peioRite AR ohdl P i diRgp o

sighfle@gtefpr@etUR@s. To detect vibrations emtted froma
di stance, for exanple in detecting buried gipes
supPgitiegaliaeralieradivelys thiee of scspexesal 12y 18and @82 8wy pass

I a f
thrr o F0PER, 461 BRI UHRPE: sREEL KGoectf b To
detelﬁgmbemonﬁlehaﬁﬂhtﬁiomeIaydismﬁmzs ofior ib&ﬁ)mphyml detba:tdg buvied pipes
i.rs of transducers 160 al o Xaxi s 17 nd Y-axi.s
ing paer, %?ewuh%ﬁgs gPixally Qe vithym WE [REESPasHgE from
up;bé?fs&rti%ﬁtl@‘@o RARYisdednt194 %h&%'an%l% &f Wt@&é?{ 0 AR50 M&%
70,1 76, 180, 186, 190, and along with their

r es ﬁétcmatteelw wnsetuddr may 8@ lusertmorpainated tnsducenstihddong X-
ether wt ntio

i 3and L afis i e s hentteal PRy dny GorFa N s B gmaton

pmiﬁQdaégl UnfeffletdPOR.t he inner surface of chanber 150
or enbedded in hou S|ng@110 so that transducing

el eB@fﬂsSﬂQé%a}S@ 18%eld¥fetnd Haaleng w&héhqlsr&quoflts%g@wdngers .
16(5 %oxlﬁhgmlc%te VQCI?[HSO 'Em&eogolhﬁlesﬂ(%wa.na ”togélpé?ﬂggﬂ q}ll\’erﬁﬂ)ged

er conpressi bf e gaske
ab(u{ep &xal H:Héa’nbmd sm Aﬁhmaﬁ%ﬂy Steatisd R s, léihm“e andummdrupon the inner

surig oL AT 0750 50 G SR BELIe4 PRI S it GRS clement 162

areGREREdIS Rt uraeP{ ssi bl e and/ or fl exi bl e rubber
material so that when bolts (not shown) extend

ver Pracatdipg torigud)isendoe 100 1ssbownof asemlodﬁdswqwend in¢fudes an
up@% a%éﬁ')?éss%?e gas‘i(et %ba&%er} %f')pearr fat oP & q46 ec?cheo?lls; and a
lower compressible gasket 134 between middle 140 and lowers 144 sections.

Gaskets 152 and 154, for example, comprise a compressible and/or flexible
rubber material so that when bolts (not shown) extend vertically through the corners
of sections 140, 142 and 144, gaskets 152 and 154 are compressed to seal chamber
fluid 152 from outside volume 112. g

Additionally or alternatively, gaskets 152 and 154 include upper and lower
surfaces that adhere to adjacent surfaces of sections 140, 142 and 144, thereby aiding

in sealing chamber 150.
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fluid 152 fromoutside volunme 112. > Additionally or

al ternatively, gaskets 152 and 154 include upper and
woowsniaus f aces that adhere to adj acent surfacesT/mt2005/000797

sections 140 142 and 144, thereby aiding in sealing

ch ansd cer 0

chaELRER B S S el RO LR e

trank@ieha V6D Bavees teri@dhiar cREOSEtisRCan Elliptich cﬁislstwtioﬁabr other
cross-section, or other cross sectlonal sha

: Croifeiﬁé%‘%ﬂan ghapes depsndings dor SaMPle onyihe e qfrtaﬁgﬁnéteﬂ@mﬁ/or
_ m”@? %r appllcatlon Addi tionally, the conp03|t|on of
ul

152 vari es dependi ng upon the inertial nass
chaAdditiendllyt itlescongmpsitioachfffbnid a5 iverees deppihdicgupantheRoertial

ex le,. a high sity flui,d 152 _such a li [ ) )
mafSSPERFH TBOROJal ¢ BYe APREAGTR BT Prasthie s e gensity fluid

1528Rh128 %hfanﬁe@mey 1}ﬁ§§ be s&—{ wed ub)!mﬁ@ﬁhilféhﬁ(%s Oer applications
exanpl e,” a powdered netal alone or, for ex l e,

aredqgstpmtfeldby patticleisdfor Bxamplee armrwlemét rn@mlsalpm: of.| for @xaraple,

SUS{)]‘%](\?ISQ% ﬁﬁlﬁ% Sfa?.l, _?h G h%&%}%;ueoi}llg ldggb ?19\/1}’][% O%FCkfnC %’Ylar acteristics
beihg Well kA& 16 tHosé adntiliad Mththeldns chanber 150 while | n

ot her enbodi nents, chanmber 150 is partially fill

For Ir@@mﬁmr@boquﬁe%r@né Abd gubsiantially E 1)1y, phangher (150 9@)@ ét other

I 2 d:.d

ant I Cl pa%l’él %egnl%gr]g #' dﬁﬁl(ﬂﬁ%ug%)?gnmg S %?né Cmbodiments,
fluidnfibbd 968N b chmhhe:rbéio 1c5&11bwsﬂandslﬁ’2f m:exlia'ﬁd dhh:ato asticipated

substanti al l.y spherical while in other enbodi nents,
tempgrature ufﬁﬁ‘%bnprises several flat, intersecting

Pl afeSomd embBARERS AAABE BI0NHasta ts@rtfﬁééhﬁﬂlr it isTBbsrmaNLy .

uses and enmbodi ments of sensor 100, whether detection
sphefica evhsleiio omlr eaboiliormts, swréacg)l ¢ eawpiisey sevesplalln, intersecting
1 st a%i Qn, of, Joc atf n tttlr“'qriﬁgro activity, are well known
plapgs %8%%’“?&%%1’5?% i Att. Epilogue Wile the

| NVERé Ry hieé DRemitAstErtD et sam@mlaogwe@kr d&edioni dfistRshic

nunber of enbodinents, it wll preci at ed _t hat
reflegtignsy R¢ray | tSpRNNgBSHRES A1AUORS O mpagtla dynngh ctivisy, | pgwell

é@n&ﬁﬁ &ﬂ%ﬁ.%ﬁ@ﬂﬂpa¥ e made. Al so, conbinations of

erent 5 an or varrations in elenents may be conbi ned
and single elenents may be used, such variations and
difications, as well as others t hat may becone

Edﬁkﬁ&ent to those skilled in the art, are intended to

be Wwiglcude qlno@nhsh Mad B@erﬁ&&@ﬁb&f with %egp@atetetd Bfhite@Shumber of
defined by the appended clains.

embodiments, it will be appreciated that many variations, modifications and other
applications of the invention may be made.
Also, combinations of elements and/or variations in elements may be

combined and single elements may be used, such variations and modifications, as well

as others that may become apparent to those skilled in the art, are intended to be

.included within the scope of the invention, as defined by the appended claims.

L] 119

The terms “include"”, “comprise” and “have” and their conjugates as used
herein mean “including but not necessarily limited to.”

It will be appreciated by a person skilled in the art that the present invention is
not limited by what has thus far been described. Rather, the scope of the present

invention is limited only by the  following claims.
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The ternms "include", "conprise" and "have" and their
conjugates as used herein nean "including but not
woeasdsamnsly |imted to." It will be appreci at pdT/m20685/000797
person skilled in the art that the present invention
is not limted by what has thus far been descri bed.

r, the scope of the present inventionis limted
only by the following clainms. CLAIMS 1. A vibration
sensor having two or nore paired transducers, 'the

- 1. fseibspioncempr haiingtwaochardyairediraiidoceas, heignsg, confpeising:

chamher incI.thl . ac ntﬁr; a.sqr%?c_e in which all

por ¥ epithie KQtisge e ShAMBRYUNPE A | y equi di st ant
fr omdnfte; chamber center; a volunme of a

vi bratioh-sensitive fluid substantially in contact

wi téhsurfase suwhisbeall rowaonsrof ithsr @r@g@ arsgubstantially equidistant from
Vi btlhzé\tilé)mnl;esr%nr%i rt_i ve transducers, wherein each
transducer of 8ach of the two or nore pairs i s adapted

t 0 £oslubneiof atvibritidsenkitive disitd aibstastiglyah comheritliethersurface;
each transducer further having a body including; a
first endVOpoFtPers, paired obali@HEENsGVE | BHSAMETa WBFFEgcach

axi s SCOPERLLRABPLAR AHhehlyof AHRUASLDRLERAE ol iiare

body, between the st end portion and the secon

por t i on; withet figass bne agnplomtérpretenecach tomeduwer Yether having a
associ ated wi th the chanber surface and including a

t ransduc?9y B{1e%B&t receptor portion, at least a

portion of the fiaddp6iiog, &l eoBHat eROpéitidoN DAl NGentral axis
substantially in contact wth the fluid; the second

end portion bssgmgni raslieg axialy shyeeghi dhe crentert of tthee body,

chanber housing: eagch transducer i,r. of t.he.,two. or
mor e pai red tVANSILCERL RHTPRGES ARl o Rd oY

t hrough the centr ajhe Saginant ption beingséperdtiaBBdassetiated Wth
chanber center; and the central segnment of a second_ .
transducer. 2. A vihBr sharabersewdase gedorgludya ¢ dragsdycing

(1)}]6""2?{ ein the siglahehNtQEPOESisH, 0%l #8st 3t pbiEdfitof the
transducing element portion being substantially in
contact with the fluid;

the second end portion being in operative association with the
chamber housing;

each transducer pair of the two or more paired transducers includes;
an axis passing through the central segment of a first transducer;

the chamber center; and

the central segment of a second transducer.

2. A vibration sensor according to claim 1, wherein the signal interpreter provides at
least one of:

adding; and

subtracting,

the signals generated by each of the two or more paired transducers.

10
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addi ng; and subtracting, the signals generated by each
of the two or nore paired transducers.3. A vibration
waensoiiiagcording to claim2, wherein the axespPOf/1L20e5/000797
two or nore paired transducers are planar. 4. A
Vi [ or, g r .
3. gg;ga?l{og%gns?)? Qéc%rdtﬁg £s élglggg n\MP rg h%é;%])gé Wﬂf‘e atgllto%é %]ieor% Palred
trankséetsde planamr e palred transducers is at | east one of:
per pendi cul ar; and obliquely angled, with respect to
at | east one second axis passing through at |east one
4. R8GORAHoA & ét{ség'd{?&)rrdlﬁ ith-c \Ml1 m % \Ylhcﬁg:ﬁt 4t0Bas? SRS Hirst axis P ssing
according to claim erein e two or nore pair
thnnmhns&aﬁemsofﬁmhwdaraknépasﬂtamshmhmndMHcamsdwcﬁr pair
that |s at . | east one of: perpendicul ar; oblique; and
Qﬁq spect to the plane of the at |east two
p|aﬂﬂ ug@@ﬂgggcer pairs. 6. A vibration sensor
accorg to claimsb, including at | east one fourth
t r avwsly m%S@pctptau at leasyoael seond eggisaassing thipughe alsleagraneotecond
sducer pairs. 7. A vibration sensor according
Um?&&mFgﬁﬁrz wherei n each transducer of at |east one of
the two or nore paired transducers includes a first

end_portion having a cross sectlonal area, the first
5. Bnaitseian SFPSPLrACRYingnd (FAiRg 4arvhersin i the ciyq @R more paired

traf QUG c1u80 TPk S 'OHQt iR ttahemgyﬁ;amﬁrask Qét o'hﬁ 6E pt or

portion, a support enent projecting fromt
andpdrpgnolmhlarhe transducrng el enent; the support
|nclud|ng ne or nore walls that surround an
PRKUEAon f1uid: and a menbrane attached to the

ggg&k el enent and enclosing the anplification fluid,
t he nenbrane further i ncluding an area in contact mnth
t hewithaespest t¢ theipdanetdf shecas heagtivosplenar ranssigcer pairs.
substantially greater than the first end portion cross
section; 8 A vibration sensor having one or nore one

6. Arvibmfién kEmMos Aetoeding 3 thimtd)eéndedis® bt asqureSfough transducer

pair angled 45 degrees to at least one of the transducer pairs.

7. A vibration sensor according to claim 2, wherein each transducer of at least one of
the two or more paired transducers includes a first end portion having a cross
sectional area, the first end portion further including an amplification housing,
comprising: ‘
a transducing element receptor portion, a support element projecting from the
body and beyond the transducing element;
the support including one or more walls that surround an amplification fluid;
and
a membrane attached to the support element and enclosing the amplification
fluid, the membrane further incliding an area in contact with the chamber
fluid, the contact area being substantially greater than the first end portion

cross section;

11



a chanmber wthin a housing, the chanber including: a
center; a surface in which all portions of the surface
w@e@odulist anti al |y equi di stant fromthe chanbePCTEIZVE (00797
a volune of a vibration-sensitive fluid substantially

I n_contact mﬁéh,the surface; one or nore pairs of

8. A/iVEIaioroPENSYn B VINg, 8¢ PL 0GR OB &F MiHe Menffussc airs, the sensor
confprfigducer is adapted to comunicate with at |east one
signal interpreter, each transducer further including
a rochanibaywithin ahdusing the chiarplegrtinadwdihgvi ng a cross
sectional area; a second end portion in operative
-~ associ at1 B M th the chanber housi ng; and a centra

axi s seqTBOffa@aSHi WHicBXAIR! portiddyr 08 ghe t fivfacendrer sudktahtidly
body between the first end portion and the second end
por t i on;equikstantdram thehp@ber sptefur t her i ncl udi ng an

ampl 1 11 c24d18Me PUS)ifiriof ORf S ol ShoSARARMG! Bltact with the
el ement receptor portion, a suppori elenent projecting
from t hesubfadyt and beyond the transduci ng el enent, the
support including one or. nofe. walls that surﬂgynd a

anpl i fi cati orPl 9 BOEhBRE R Falioe-sspHEY, FanidyceTe wherein

support el emeffh ands&ReH fShNYtdin® &MRhbAiCEBLVRD af Iddktdone
the nenbrane further including an area in contact with
t he chanber fdignal, intehgretenntasbt transdecebefuriber including a body
substantiallyh$;eater than the first end portion cross
section; each ¥ tMnsducer of the one or nore transducer

pairs including; anfigxesd patsh Revihd4 oregsdctiend arda al
segnment of a first transducer; the chanber center; and
the central segnent S¥fong eadPOHIPT NaPReEibErassapiation with the

vi brati on sensor aaﬁghgigeghgfgkpin18, wherein the

signal interpreter provi east one of: adding;
andsubtracti ng, a central axis segment passing axially through the center

of the body between the first end portion and the second

end portion;
the first end portion further including an amplification housing, comprising a
transducing element receptor portion, a support element projecting from the
bbdy and beyond the transducing element, the support including one or more
walls that surround an amplification fluid and a membrane attached to the
support element and enclosing the amplification fluid, the membrane further
including an area in contact with the chamber fluid, the contact area being
substantially greater than the first end portion cross section;

each transducer of the one or more transducer pairs including;
an axis passing through the central segment of a first
transducer;
- the chamber center; and

the central segment of a second transducer.

9. A vibration sensor according to claim 8, wherein the signal interpreter provides at
least one of:

adding; and

12
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t he signals generated by each of the one or nore one
or nore transducer pairs. 10. A nethod for neasuring a
wo2imeatileh from four or nore equidi stant poi nt BCT/II03000797
center point within a chanber including fluid centered
arou the central point, conprising: neasuring a
fILﬁlgeggﬁation usigg at Ieag? fourgtransducerg in
. ] uxthapigahls igmerived By i THBOBIRS orShire @€ or MRS ariddader pairs.
| east two nmeasuring transducers are |ocated along a
first axis passing through the center point; and at

10.| £ ARthdd"Br %@ﬁﬂmgnagv%{]a?i%ﬁ tf Emﬁro? h&E %gSfaisﬂn? ?gmﬁrﬁcém a

second axi S passi®ng through the center point.
centeet oot oithid ai dhafmber wodwding) fluid Iceatstedt avoutd ales deraesl oint,
i ncl.ude anplification housings. 12. A nmethod for
COMpIEring a vibration fromtwo or nore equidi stant

poi Iﬂtaa?sufiﬁ? DR Eibttidh bRk At 1eWbtiiBirtrAsGRRFNR judtfsdsHbhMith
fluid centered around the central point, conprising:
at thegbambersusfadsy athersm neasuring el ements in

juxtaposi.tion with the surface: anplifyi.ng the at. .

| east v VbR meriEs bapiens e Peiied P p fgidxis passing
chamber thsdupl tid cdnapbindadanpl i fi cation menbranes

wi thin the chanmber; and neasuring a fluid vibration .
usi ng thd keest| aves mepsysingeliansdngey are dpetRec eloag avsesoa naxis

the at | Qg&ggmguépﬁgg&h%gxgﬁgnsducers are | ocated

along a first axis passi rough the center point.

11. The method of claim 10, wherein at least two transducers include amplification

housings.

12. A method for measuring a vibration from two or more equidistant points from a
central point within a chamber including fluid centered around the central point,
comprising:
at least two vibration measuring elements in juxtaposition with the
surface;
amplifying the at least two vibration measurements from within
the chamber using at least two amplification membranes within
the chamber; and
measuring a fluid vibration using the at least two measuring transducers,
wherein the at least two measuring transducers are located along a first axis

passing through the center point.
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