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¢ j ~zoC ﬁMlW}W@TMLAﬂ ON METHOD FOR LONG TERM
VEASUREME PHYSI CAL QUANTI TI ES FI ELD OF
THE | NVENTI ON Fhise+i nvention rel ates to a sensor andl63’=3/20ﬂ7
an installation nethod for |ong-term neasurenent of
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el ectrical OFrAVERNGEPHYSICABIQUANFITEESt r ai n
gauges and fibre optic sensors for neasurenent of
physi cal quantities such as stress and pressure, etc.
FIELD OF T8 SR VERPEIgN Of these sensors ranges from severa
millimeters to about 100 mllinmeters. They can
measure the physical quantities over the gauge Lengthi
... However,, they can't directly . neasure _average physica
This mvcfﬁﬁﬁ‘il ltes, 80, 56750, ap ﬁ@ﬂ?ﬁ‘%ﬁeﬁ W%ﬁﬁ?‘gﬁgelpng mgasurement of
average payiged quimies. sensors need to fix on an object and
nmeasure the physical quantities of the object. The

fixing nmeans shall transfer the physical quantities of

RtIEQ | GRt l%lQ) r without distortion of the
DESC p ygﬁggﬁﬁéﬂgﬁﬂf |é§?ﬁ§gmever, the fixing means such as
adhesi ve bondi ng, wel di ng and nechani cal fasteni ng nmay

th deteriorate fhe transfer accuracy of . .
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gauges &RNSbre 69tEdIbdrsoB BF M¥as@em@RASE R_Ei_fﬂ?éﬂl #ﬂﬁtﬁ@) QUY SIsCess and
- quantities. SUVMARY COF THE | NVENTI ON The present
pressure; ¢fGent i on provi des a sensor and installation nethod of
the sensor on an object to neasure the physical
quantities over a limted gauge length to the average
The gaughienigthed! thestntensore sangey fromeselverad etilligesiere to abeiit 100 Thiflimeters.
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measure@ueragé phydical quanitities over a length which is longer than their gauges.

These sensors need to fix on an object and measure the physical quantities of the object. The
fixing means shall transfer the physical quantities of the object to the senmsor without

distorti_on of the physical quantities.

However, the fixing means such as adhesive bonding, welding and mechanical fastening may
over the years deteriorate the transfer accuracy of the physical quantities between the object

and the sensor resulting error of measurement of the physical quantities.
SUMMARY OF THE INVENTION

The present invention provides a sensor and installation method of the sensor on an object to
measure the physical quantities over a limited gauge length to the average physical quantities
over a longer gauge length. The invention also provides means whereby the senor is suitable

for long-term measurement of the physical quantities.
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BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is a
perspective view of a sensor and installation nethod
enbodyi ng the present invention. Figure 2 is a "'5/’3/2007
perspective view of the sensor assenbly show ng a

BRIEFDESERIPFHIGNIGH! DRAWINGs | nvention. Figure 3 is a

perspective view show ng a preferred fixing neans of
the sensor assenbly. Figure 4 is a perspective view

. how ng a preferred fixin ans of the carrier of the

Figure [ 4§ diersogelive Wiy On gester dnfl dnsialisbion smethod emabpdying the present

inventigthowi ng a preferred fixing neans of the sensor

. assenbly directly on the object to be neasured.

Figure s pparsioctDrRSGRV T [tghseDporTasEe nititE SERRIBD afivBleBkd/Enibedifivat of the

inventich€NsSOr and installation nethod, as shown in Figure 1,
conprise an object 1, a carrier 2, a fixing neans 3,

Figure hissgresspectivesded sfowinga fréfetbd fikbiaithiedns 3 thedefifR 48¥%mbly.
Fi eadi%gwunit 6. The object 1 is to be neasured for its
1gure ‘LW&P ecyavtew showing apreferred fixing megnsnf the aarpier of the sensor
assembl§l ress and pressure, etc. The object 1 can be
) aircraft structures, concrete or soil structures of
Figure % i pdpentpsctived viewt slasving et preéarednfixing enedns wift the essnsoardsembly
: ' ' .. The.carrier 2 is fixed on the object 1
dueCtlygbg?J}%@&?F&ﬁ%gleﬁ%uéﬁds 3. The carrier 2 ranges

preferably several hundred millinmeters in length to

tipl ters. The carrier 2 can be in any shapes,
DETAIE%:Dchﬁﬁﬁ&E H1ON OF BHE: FREFERRED &MBQIHMEKTT& at e.
The fixing means 3 is to transfer the physical

quantities of the object 1 to the carrier 2. The
The sengar and instndiation Brcthnd, be shuditeisi Rigure dndomgriseel chjed laadarrier 2, a
fixi egchanical I ng,~etc. The.sensor assenbly 4
Xmgmconnécts:éngr%%gﬁ%t%pgé]’gdaﬁd’flﬂ meahs S cl[]%s?nls%rera g?‘ﬂ’éﬁ-
carrier 2 via the fixing
The object 1 is to be measured for its physical quantities such as strain, displacement, stress
and pressure, etc. The object 1 can be aircraft structures, concrete or soil structures of

buildings and infrastructures, marine structures, and pipelines, etc.

The carrier 2 is fixed on the object 1 via the fixing means 3. The carrier 2 ranges preferably
several hundred millimeters in length to multiple meters. The carrier 2 can be in any shapes,

which preferably are strip, tube or circular plate.

The fixing means 3 is to transfer the physical quantities of the object 1 to the carrier 2. The

fixing means 3 can be adhesive bonding, welding and mechanical fastening, etc.

The sensor assembly 4 connecting to its reading unit 6 is fixed on the carrier 2 via the fixing
means 5. The sensor assembly has gauge length ranging from few millimeters to about 100

millimeters.

The sensor assembly 4 can be electrical strain gauge, vibrating wire strain gauge, piezo

sensor and fibre optic sensor (fibre Bragg grating, Fabry-Perot sensors, etc.)



means 5. The sensor assenbly has gauge | ength rangi ng

fromfewmnillineters to about 100 nillinmeters. The _
sensor assenbly 4 can be electrical strain gauge, 24/03 /20
vibrating wire strain gauge, piezo sensor and fibre e %7

optic sensor (fibre Bragg grating, Fabry-Perot
sensors, etc.) 2 2,610 j ~Lva} The sensor assenbly 4.
is in the same shape of the carrier 2. The fi xing

The sengarassentbly 4 is i the saarsé siapt oéthehopmiezal quantities of the
carrier 2 to the sensor assenbly 4. The fixing -neans
5 can be adhesive bondi ng, wel di ng and nmechani cal

The fixirgstRAnY. is O Gansidreths SF1RIcaP STy of: th@SCaﬁJﬂQV@ tb "he sensor

Figure 2, conprises one sensing elenent 7A or
assemblgénihﬁ fixuigameanssS B berdbesienbomiing veshding and mealmjncm fastening,
nmeasure the physical quantities over their gauge
| engt hs. The fixing neans 5, as shown in Figure 3, is
to provide fixing of the carrier 2 to the sensor
The s eanB/l4a ﬁiie p03|t|ons 5A and 5B. This is to

enSQ AFSE 3ot e shewaupdiigwe 2 compaseshens seaping qlemert{7Ae o1 more
sensing Elendeh& AS r t
B e o e B ERpallyR and 7o e B EIRAT AR over
thelfgal%‘&ei@}@h%aosml ons 5A and 5B. The distance between the
fixing positions 5A and 5B ranges few hundred

millimeters up to nultiple neters. Wien the fixing
The ﬁxingawanéS,i & shohasinVigurd 3N 1o0p robnﬂe(ﬂxliltigj the R@rri@PStoNfle sensor
assembl Lenents 7A or 729@ rectly on the egarrier 2 experience

$# BhRisPastiontnid w goinbmeaturemertfifithe physical

tities Df B WASbralerh
duantin dhesi e-cr éepe a%iﬁsSZAggQSt%(a Tt the dr s?’gﬁl%ep%gfc\i\%%%mmes
between the fixige esitions Th amt SBn"IihmdlBan@ebethﬁlrtht figirgapogitione 5tdnd SB
ranges féu/ hhﬂ(ﬁ‘eé frﬁﬁinli]&e %E%%lﬁtl [{le ers7§’hreg%l *ix{]u%ezlnn | ?%édhesive

terioration o accuracy o
bondmg,qb:mdmg Dﬁ@ﬁmﬁfgeelemdntﬁ r'7ANok (B diectiyebn tBe carrier 2 experience
problem of i{hfSlve creep./When the sensor assembly 4 is bonded at the fixing positions 5A

and 5B, the adhesn>e4:reep at 5A and 5B affect the distance between 5A and 5B, which is
much longer than the gauge length of the sensing elements 7A and 7B resulting in less

etc.

deterioration of measurement accuracy of the physical quantities transferred from the carrier
2.

The fixing means 3, as shown in figure 4, is to provide fixing of the object 1 to the carrier 2 at
the fixing positions 3A and 3B. This is to measure average physical quantities of the object 1
between the fixing positions 3A and 3B.

Figure 5 shows omission of the carrier 2 and direct fixing of the sensor assembly 4 to the

object 1 at the fixing positions 3A and 3B.

The carrier 2 can be in any shapes which are preferably tubular shape whereby the sensor
assembly 4 is fixed inside of the tube; or which are preferably solid bar whereby the sensor
assembly 4 is fixed on the surface of the bar as shown in Figure 1.



The fixing nmeans 3, as shown in figure 4, is to
"provide fixing of the object 1 to the carrier 2 at

the fixing positions 3A and 3B. This is to neasure /o3 /2007

aver age physical quantities of the object 1 betmeenlé

the fixing positions 3A and 3B. Figure 5 shows
The caRigk 25dafbe H

01 2540k s 2851 e AUEREGHY bl iRl K, plsi
and mepbitg-j ons 3A and 3B. The carrier 2 can be in any

shapes which are preferably tubul ar shape whereby the

sensor assenbly 4 is fixed inside of the tube; or

The cantdet Qh:aﬂfbé @ﬁgfdedhﬂﬂéﬂbl%%i)éjwlﬂ@ﬁ P}‘t‘]ﬁﬁﬁgﬂ kg t%?c{@gr the sensor

F is fixed on the surface of the ba
assembly, Fﬁgﬂ?’@blf h@cajop@e@aﬂwuwetocmomd@rthﬁ [redteds®ni of theysensor

assembfgf)«i )?Jrlrigrﬁltﬁe fdmtlg i A& %Hgfyﬁg{ g(ﬁ S I%/ WhE gl Ctiq)ﬁlnl?lg :h%Ecaé fubeis in its

spooling pesitipny thee priHtensidyl f thel baxsum@exﬁbleﬂt@ Aghévedneeds to
apply on the sensor assenbly 4. A flexible helica
tube can be used to provide the pre-tension of the
sensor assenbly 4 when the tube is in its straight
position. Wien the flexible helical tube is inits
spool ing position, the pre-tension of the sensor
assenble 4 is renoved. 4 Clains 1. A sensor
conprising: a carrier having two fixing positions, the
carrier being couplable to an object at the two
fixing positions; and an optical fibre having at | east

- one sensing elenment, the optical fibre being coupled

to the carrier by two fixing nmeans, each of the two
fixing nmeans being substantially proximal to one of
the two fixing positions, wherein the carrier conveys
def ormati onal di spl acenent of the object



between the two fixing positions to a portion of the
“optical fibre between the two fixing neans, and.zﬁgGi/%oo}
at | east one sensing elenment has an optical property
that is reactive to the deformati onal displacenent
conveyed to the portion of the optical fibre between
the two fixing neans, and wherein when the carrier is
Claigoupl ed to the object the deformational displacenent
of tween the two fixing positions is
b né%%%ggﬁﬁﬁﬁ%SI nitoring changes in the optica
pr oper tayczm‘lext heviag tWedting pesitienss ity cakiembning doduplable to an
Cg% En thﬁ optical property of the at |east one
hgt PHBQOW&OH s@BStantially representative of
the deforymtiiangt ndisp harcsgr%ﬂ& safsuigfh@ergaiteﬁ& Opﬁ@c{l R being
the two fixing positions. 2. The sensor as in claim
wrengled te dlchcayfiet bie twio ﬂxmmemee@;@rﬁ thg teb éneimg means bemg

conprises a fibre optic sens The sensor as in
nB?’ﬁ"ﬁ‘ ﬁ\XIrﬁ’é?XéfnﬁFttoﬁglefO%H}e tw83!’ﬁ‘%g RSP bei ng one of

fl bre Biagdn @eatdng s,@m?g dermbihay - R8N 9P 'the bbject

The sensor as in any of clains 1 to 3, the carrier

béqengeea thowel fising, positionkéo & pagion cdshg @ptzmyﬁblfe betwgamgha two
| didve GREnSARE e dFeeteng st BuGLBT R blobfifa rapert s i
~TedtivéN® theﬁdefa_ﬂﬁlﬁiatﬁ)ﬁbllscﬁﬁpl@é‘emeﬂt astvepdd ©l tht pBrtiont of tBe optical
the carrier being a erX|bIe tube wth the at | east

orféf’réé?%‘ieﬁ@“@lté’ mm%nr@ws therewithin. 7. The
sensor v@l?erélﬂ gzg&l QBe memslslctogﬁ oﬁaﬁ-ﬁe%ﬁ&hqhé WRformational

fixi ng means I ng ad) acent f1xing
palisilacen®nt 8f tie sbrsObetwesht ahd avo dﬁlll’gaphﬂ)dOIBOmeE&Iur!ﬂple by

the steps of: roviding a sensaor. co
omtori%g changes I:1)r1 the optlcgl property of the atnig

ast one gensmg element, the
changes in the optical property of the at least one sensing element being
substantially representative of the deformational displacement of the object

between the two fixing positions.

2. The sensor as in claim 1, wherein each of the at least one sensing element

comprises a fibre optic sensor.

The sensor as in claim 2, wherein the fibre optic sensor being one of fibre Bragg

(O8]

grating sensor and Fabry-Perot sensor.

4. The sensor as in any of claims 1 to 3, the carrier being a solid bar.

5. The sensor as in any of claims 1 to 3, the carrier being a rigid tube with the at

least one sensing element disposed therewithin.



10.

a carrier having two fixing positions; and an opti cal

“fibre having at |east one sensing el enent, the opé/béVroy

fibre being coupled to the carrier by two fixing

nmeans, each of the two fixing neans being

substantially proximal to one of the two fixing
positions, and coupling the carrier of the sensor tao

ant hspjeaar aadn peot aims kg thosticbhaing adkeds fiberyyth the at

CYELsk Ghe %et Wg)éﬁ:n%glt lea%fe? anal,ydiigp! acenent of the

obj ect I XIng positions to a portion
of the optical fibre extending betmeen the two f|X|ng

d th t. | t t h
gg r!eisgpsaorr] g E)rbgqyta(gf ctlzﬁg]tss I; tg%s Eajfgt Sfj\;gg Y f )21212 mea%g bemg adjacent

defRrofRid QRAxifs sRidGRMent conveyed to the portion of
the optical fibre between the two fixing neans, and

wherein the defornatlonal di spl acenent of the object
bef ween t he .t wo ngwgos iti.ons is_.measurable by

SEBPY H@taéﬁté%lasthoﬂ Mgpe EarR58perty of the at

| east oqngviaenRsd Reselcerpatingt he changes in the optica
property of the at |east one sensing el enent being

subst ant i al I%/Caf@?rrlélgémtmolfV@n&)lPOSﬂtﬁélSd@fdor mat i onal

di Sp| acerrenga ?_% ICQ? f%l?é %gvmg a%[' oﬁp%eﬁ Y\?ﬁ)’éfeé{eﬂg the optical

pOSI tions sensor

cl ai m 8fibrehRim m@wdhtw&etdaﬂlatbyl t@\&ﬁﬁxm@&neeﬁﬁﬁsadhg)f the two
el ement _conprises a fibre optic sensor. 10. The sensor
i nst al |fé?sm%nmﬁ@tShb@nassqbﬁta&qlaékyﬁp@m%'ert%uomlet pie the gye fixing

optic s ljng one of fibre Bragg grating sensor
and Faﬁ§gﬁg£r%?'sensor. 5a 12 1 1. The sensor

install atwpbng metobﬂr'cbr a$ therseadoy tadn cbhjadtras the ttvo fikng pdsitions,
carrier peing salid bar

. The sensor .
Cnst al | APSTEIE. Higt FFHH%§°PYPY§1rﬂl?%‘?ff“a&‘%ﬁﬁn@s%laf%neﬁ,Oft fg object
Capdiivedn Rl Do Aidih@ipdsitions to a portion of the optical fibre extending

between the two fixing means, and the at least one sensing element has an optical
property that is reactive to the deformational displacement conveyed to the
portion of the optical fibre between the two fixing means, and

wherein the deformational displacement of the object between the two
fixing positions is measurable by monitoring changes in the optical property of
the at least one sensing element, the changes in the optical property of the at least
one sensing element being substantially representative of the deformational

displacement of the object between the two fixing positions.

The sensor installation method as in claim 8, wherein each of the at least one

sensing element comprises a fibre optic sensor.

The sensor installation method as in claim 9, wherein the fibre optic sensor being

one of fibre Bragg grating sensor and Fabry-Perot sensor.

S5a



15.

tube with the at | east one sensing el enent di sposed

"therewithin. 13. The sensor installation nethod a%5/ﬁ9/2°07

any of clainms 8 to 10, the carrier being a flexible
tube with the at | east one sensing el enment di sposed
therewithin. 14. The sensor installation nethod as in

a of clains 8 to 13, each of the two fixin neans .
bgﬁwgseaaqrdeétﬁllat&ﬁbms ofl g lﬁmmfﬁ?%ﬁalsp%gq {0.off carfisr bging 2
sepg@haconprising: a carrier having two fixing

positions, the carrier being couplable to an object

at the two fixing positions; and an optical fibre

havi ng at .| . one sensi.ng el nt, t tical fibre. .
paisgen s TR ioS PR CRAF FF D EtRs i 0 B i geing 2 ieid
eaghe @fth kikeat iyt dﬁﬂe@eﬂﬁn?@l@ﬂﬁphﬁéﬂﬁed gehshiangial ly
proximal to one of the two fixing positions, wherein

the carrier conveys at |east one physical quantity of

t obj ect. ween the two fixihng .positi Ops, Lo a.
oot SRS AL DRt Ree bR e TRRRY Tom® Refhes peine 2

mefpgRshle &b Wiktethatat lee@ohe 6ARirgaNGHheY d@pesaRItherBARhian
optical property that is reactive to the at |east one
physi cal quantity conveyed to the portion of the

oPf.C. fi het Xl ns, -
PSR AR BR SRR, LB 3 30 o i
atméama dtingradjapérytdine af thequafixingypsitidnke obj ect bet ween

the two fixing positions is nmeasurable by nonitoring

changes in the optical property of the at |east one

sensdigr &l the changes in the optical property
of the at |east one sensing el enent being
subst ard catiey hreipg evenfiahg \pesitibng, be akrrice dsingoomiplable to an

PTHERLABHET L gl g ect betveen the e

an optical fibre having at least one sensing element, the optical fibre being
coupled to the carrier by two fixing means, each of the two fixing means being
substantially proximal to one of the two fixing positions,

wherein the carrier conveys at least one physical quantity of the object
between the two fixing positions to a portion of the optical fibre between the two
fixing means, and the at least one sensing element has an optical property that is
reactive to the at least one physical quantity conveyed to the portion of the optical
fibre between the two fixing means, and

wherein when the carrier is coupled to the object, the at least one physical
quantity of the object between the two fixing positions is measurable by
monitoring changes in the optical property of the at least one sensing element, the
changes in the optical property of the at least one sensing element being
substantially representative of the at least one physical quantity of the object

between the two fixing positions.
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