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OPTICAL SBNSORS AND HBTHOD FOR.PRODUCING FIBRE OPTIC 

MODALHBftIC SBNSORS 

This invention relates to an optical sensor and 

method for producing moClalmetric waveguide sensors. 
5 Optical devices are commonly used in inc1ustry and 

science and include laser cavities, waveguides, lenses and 
other optical elements. such optical devices are used in a 
variety of instruments and installations. 

Photonics technology has revolutionised the 
10 communications and sensor fields. ~s is mainly due to 

the rapid development of opto-electronic devices. A wide 
variety of glass materials, material-dopants and waveguide 
structures are available and the present invention relates 
to a waveguide sensor which is particularly well su~~ed for 

15 detecting and monitoring stJ:Uctural parameters caused by 

acoustic, mechanical, electrical and magnetic events (i.e. 
strain, vibration, resonance, acoustic emission, etc.). In 
particular, the fibre optic modal.metric sensor has been 
proven to have good potential for vibrational analysis of 

20 stJ:Uctures and for machine condition monitoring 
applications. 

Presently, there is a very high dem•nd for 
sensors and systems which provide real-time monitoring of 
the integrity or condition.of machines and stJ:Uctures. 

25 Fibre optic sensors, in particular, are vezy promising for 
these applications because of their dielectric properties, 
their fine aise,.their ability to be remotely located and, 

in the case.of intrinsic sensors, rapid respoJiSe times. 
They also have particular advantages in hazardous 

30 environments. In addition, they have several clear 
advantages over existing conventional sensing techniques 
such as bulk optical measurements, potentiometric 
electrodes, resistive foil gauges and piezo-electric 
transducer&. 

35 ·Bngineered structures are usually not monitored 
in real-time because of the difficulties in incoxporating 
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the sensors into the sensing environment and because of the 
limitations of the sensors. Optical sensors overcome these 
difficulties by· virtue of their inherent properties. In . 
ad4ition, optical sensors aZJ4 optical processing systems 

s are extremely fast aD4 do ~t suffer from. electro-magnetic 
interference (Dl), UD.like their el•ctronic counter-parts. 

A simplistic def :Lnition of ··the. modes that are · 
guided by an optic:sal fibre can be explained as the locus of 
all the light rays which are laUl'lC!Mad at c!lif f erent entry 

10 angles into the core of the fibre. · F~r any optical fibre 
the number of modes that will be guided by the fibre is 
dependent on core size, the ratio of core/cladding 
refractive indices, and th,e wavelength of operation. 

11\1.lt~e optical fibres suffer from optical 
15 signal fading and drift due to the random.or chaotic nature 

of the light propagat:l.Dg along the fibre. 'fil9 optical 
fibre industry has overcome the ~rent weaknesses of 
multim.ode fibres by the use of singlem.ode fibre systems, 
but these are diff icu1t to ban4le, and utilise quite 

20 expensive compcments •. , 
'l'he· claimed invention overcomes the inherent 

weaknesses of multimade fibre optic sensors, is easy to 
fabricate an4 costs relatively little to assemble. 

Optical fibres were -f OUDd to be very m.icrophcmic 
25 . quite early in the development of fibre optic systems. 

[CUlshaw et al., •Acoustic Sensitivity of Optical Fibre 
waveguides•, llleatrcmia Letters, 13(25), pp. 760-761,. 1977] 
ID the simplest configuration~ a source of coherent optical 
radiation :t.s used to launch light into a mu.ltimode fibre 

30 and a pboto4etector monitors the transmitted output signal. 
Loads, vibrations an4 acoustic signals acting on the 

multimode fibre causes a change in length, diameter, and 
refractive index: of the fibre, resulting in phas.e and 
polarisation modulatian of ~ iJM!ividual modes supported 

35 in the fibre. [Spillman et. al., "Statiatical-Kode Sensor 
for Fiber Optic Vibration sensing Uses", A.PJ>lied Optics, 
Vol. 28, pp •. 3166-3176, 1989] Bach mode is modulated 

~-
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differently .&nd. therefore travels a different path to the 

end-face of the fibre. The transmitted modes in the fibre 

combine or interfere at the fibre end-face and the pattern 

is received by the detector. 'rhe observed interference 

S pattern is in the form of a chaotically distributed speckle 

pattern. Any external perturbations acting on the fibre 

randomly redistributes the speckle pattern with a resultant 

amplitude modulation perceived at the detector.. Because 

this arrangement is very sensitive to external variations 

10 and the amplitude modulation is generally nonl_inearly 

related to the phase and. polarisation modulation, the 

resultant output signal suffers deep fading and. drifting. 

[Rawson et. al., uBx:perimental and. Analytical Study of 

Modal Noise in Op_tical. Pibers 11, 'Z'(H:Jeed1ngs: S1xtb Buropean 

15 CODfermiae on O,pt.ical Connmm:Lcat1cm, pp. 72-7 5, 16-19 

September, 1980] 'l'b.is behaviour limits the use of 

mu.ltimode f ibras in systems which require signal stability 

and reliability. 
Researchers have analysed the spatial-t~oral 

20 coherence function propagation in multimode fibres when 

propagated by a coherent source of radiation. [De Marchis 

et. al., "Modal Boise in Optical Pibres•, l'roceedings: 
r , • 

s:Lxt:b Baropean ecdere.ace on Optical connmmicat.:L0J2, pp. 16-

19, 16-19 September, 1980] [Spillman et. al., "Statistical-

25 Mode Sensor for Piber Optic Vibration Sensing Uses 11
, 

Applied O,ptics, Vol. 28, pp. 3166-3176, 1989] [Zgnatyev et. 

al., 11Piber Optic %nterferometric sensors Using Mu.ltim.ode 

Pibers•, S'ZB 'rooeedi.ap: 71ber OJ>t:.ic and Laser SC1.Sors 

rz, vol. 1584, pp. 336-345, 19911 ·'.rhey found that the 

30 spatial-temporal coherence fU.Detion at the multimode fibre 

en.4-f ace is represented as a sum of stationary and non­

atat ionary terms related to the spatial and temporal 

coherence properties of the optical signal and. waveguide. 

SUmmarising their calculations, they derived that a 

35 multimode fibre with a given iDClex profile possesses 

spatial coherence filtering properties, even for a 

spatially incoherent source of input radiation. l:n 
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particular, Ignatyev et. al. predicted that the spatial 
coherence of the radiation tbat bas passed through quite 
long lengths of multimode fibre (over 2 meters) is 
spatially stationary and has a .coherence radius related to . . . 

5 the wavelength. (typically 2 to 3 µm at A.=633 ma) and fibre 
numerical apertUJ:e. 'ftlerefore, the central core region of 
the multimode fibre ead.-face with a radius leas than or 
equal to the coherence radius could be considered spatially 
coherent and stationary. ~erefore, if the inner core 

10 region of the multimode fibre could be .monitored 
independently frOm. the entire core cross-section, it should 
yield improved l~nearity in the amplitude modulation 
resulting in a reduction in signal fading and drifting. 

A number of methods for isolating either 
15 indivi4ual modes or ~e inner core region of a multimode 

fibre have been disclosed in the art. O.De such method 
involves placing a si~lemode fibre in close proximity to 
various locations on the end-face of a multimoele fibre in 
order to selectively excite a single or limited number of 

20 modes in the m.ultimoc1e fibre and thUs stabilise the fibre 
output. [White and Cooper, . 0 Selective Bxcitation of the 

Modes of Multiaode Graded ZD4ex Fibers"', E>roaeediags: Slzt:b 
Buropean co.afereac::e au Opt::Laal Cc:mmnu::a.iaat:.tcms, pp. 95-98, 
16-19 September, 1980] 

25 In a secoiu! method, . an4 the most conno11 known in 
the art, an exteznal laDS all4 spatial filter arrangement is 
used to isolate regiODS of the speckle pattern output of a 
m.ultim.ode fibre such that a photodetector can measUJ:e the 
optical power in a given group of modes. Vibration or 

30 acoustic emission sensing baaed on this principle has been 
successfully delD.cmatrate4 in numarous.appliaation areas. 
[Fu.hr et. al., 0 Simultaneous Single Fiber Optical 
communiaations and Sensing for J:ntelligent Structures", 
Smart Materials aad Structures, Vol. 1, pp. 128-133, 1992] 

35 [Cosgrave et. al., •Acoustic Honitoring or ·Partial 
Discharges in Gas Insulated Bv.bstations Using Optical 
Sensors", IBB Proaeediags-A, 140(5) pp.369-374, 1993] [Bl-

• 
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Sherif and ~' •smart Texti1e CompoJites by co-Braiding of 
Fiber Optic sensors 11 1 · 'rooeedh:Jgs: N.:U:lth InterDat.icmal 
Conference on Co.iqpos.ite .arater.ials (ICCH-9), Madrid, Spain, 
Vo1. 2, pp.402-404, il'aly, 1993) 

s These prior art methods, however,. suffer from a 
number of disadvantages. Kecbanical support is generally 
needed to align and maintain alignment of the fibre, lens 
and external spatial fi1ter, therefore increasing the 
overall bulk and expense of the final system. J:n addition, 

10 the arrangement would be susceptible to noise and 

inconsistencies resulting from envi:r:cmmental conditions, 
ie. temperature fluctuations, vibrations and feuling of 
optical surfaces. l'Urthermore, for practical applications, 
the sensing region of the fibre cannc>t be localised and, 

15 therefore, the system would suffer from lead-in fibre 
sensitivity. 

Another significant disadvantage of the prior art 
methods utilising exteJ:Dal spatial filters is that the 
optical signal is coupled out of the fibre in only a 

20 forward or lateral direction., but not in the reverse 
direction., as is often required in preferred applications. 

:en a third prior art method, :Cgnatyev et. al. 
predicted tha~ a narrow core fibre, if coupled directly to 
the "coherence• radius region of a larger-core fibre, would 

25 perfozm the function of an optical spatial coherence filter 
or·d.iaphragm and hence greatly improve the quality of the 

transmitted beam, :I.e. improved linearity, reduced. signal 
fading, reduced sicinal drift, etc. [:Egnatyev et. al., 
•Fiber Optic :Ellterferometric ·. Sensors Using Haltimod.e 

30 Fibers•, S'ZB ProoeedJ.zlgs: 71.ber Opt.:Lo and Laser SeZJSors 

rx, Vol. 1584, pp. 336-345, 1991] However, their suggested. 
embodiments of the sensors still required. the optical 
signal to be coupled out of the fibre in only a f o.rward or 
lateral direction, but not in the reverse direction, as is 

35 often required in preferred applications. 
Soon afterwards, Tapanes and Ross·iter selected 

and monitored a small diameter, central region of a 
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multi.mode fibre end.-face by·placing a singlemode fibre 
diaphragm in close proximity to the multimode fibre and 

found t:bat the concept was sound. The respe>nae of the 
multimode fibre~ which was previously chaotic, had become 

5 stable and displaye4 a good quantitative response. 
Furthemore, by extending tile singlelll04e fibre to a 
sufficient length the signal to Daise ratio (SD) was found. 

to be greatly improved. ['!Qane•· and aossiter, •Practical 
Application of Fibre Optic Sensors toBDg:l.neered 

10 Structures•, l'roceedblgs: Austral:l..an Ccm£erence cm Optical 
1':1.bre !'eclmology-l 7 (ACOrl'-17 J, Hobart, 'l'aamania, 
Australia, pp. 210-213, Nov/Dec, 1992]. [Tapanes and 

Rossiter, "Practical Application of Fibre Optic Sensors to 

Bngineered Structures. for Real-'!.t.me,. Nondestructive 
15 Bvaluation Using a . composite Kat:erial Patch", ~roceed:LD.gs: 

N:L.atb ZZlt:er.aat.:Lcmal ~erenae cm CQmpo•1t:e llat:er1als 
(ICCll-9), lfadrid, Spa.in,.· Vol. 2, pp. 40~-412, .:JU.ly, 1993) 

'!a.panes and Rossiter constz:ucte4 a multimo4e 
sensor using a singlemode p:lgta:l.le4 laserd:Lode operating 

20 at A.11670.6 ma. 'l'he laser dio4e pigtail was PC-connected to 
one port of a 633 ma s:Lnglemoda, 3 cm .(2X2) fibre aptic 
coupler. A 1300 ma singlemo4e fibre with 9/125 µm 
core/cladding diuleter and mirrQred and-face was 
mechanically coupled to one of the sensor ports of the 

25 (2X2) coupler using a Dorran mecbanical l!Jplice. The other 
unused sensor port was fract~ to m:f.~tmtae eD4 

reflect:Lona. !'he remamtncr output poJ:t of tile coupler was 
S'!-cozmected to a photod:Lode. .'lhe. 1300 ma s:Lnglemoc!e fibre 
was used as .the multimode (appz:Qximately·4 .modes) sensing 

30 fibre and the 633 ma, 3. 7 µa eore diameter fibre-lead of 
the coupler was used.as a .diaphragm as.•11 aa to deliver 
aZld retu.rn the optical signals to/from the sensing region. 
The sensor lengths used were t]t'Pically 70.mm.:Ln .length. 

Tapanes;and Rossiter overcame soma of the 
35 disadvantages of prior art techniques by using a mechanical 

splice to maintain alignment of the single and multi moded 
fibres by butting the fibres against one another and 

"· 
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m.echanicall~ locking them in that ~osition. 'l'he precision 
V-groove of7'f:lie mechanical splice &nd the identical overall 

. diameters of the two fibres ensured that the core of the 
singlemode fibre was maintained in alignment with the 

5 central region of the multimode fibre ezid-face. 
Purthermore, by mirroring the end-face of the multimode 
fibre, the optical signal returned to the optical system 
components in the reverse direction, as is often required 
in practical applications. 'l'his arrangement resulted in a 

10 . so called "multimode fibre optic interferometer" with very 
good response linearity, as well as reduced drift and 

signal fading. 
'l'his prior art method, however, suffers from a 

number of disadvantages. 'l'he mechanical splice requires 
15 mechanical support to prevent enviromaental conditions from 

affecting the fibres' alignment and separation within the 
splice cavity. 'l'his disadvantage· requires that the 
mechanical splice be located well away from the sensing 
region and that the multimode fibre sensor be of sufficient 

20 length to allow for this. 'l'herefore, the localisation of 
the sensor in this prior art technique is limited to 
relatively long lengths (usually 50 mm and greater). 
Furthermore, mechanical splices are manufactured to couple 
fibres of standard diameters (125 µm). 'l'hia limits the 

· 25 choice of optical fibre to standard telecommunication 
types, which may not necessarily be the most appropriate 
for a specific sensing application. :tn addition, 
mechanical splices do not couple fibres of different 
diameters and therefore, once again, limits the possible 

30 combination of fibres used. 

35 

'l'he present invention provides a method for 

producing a sensor, including: 
providing a singlemode optical fibre foxmed from 

a waveguide material and hav~g a fibre core; 
providing a multimode waveguide and having a 

wavegUide core; 
fusion splicing the singlemode fibre and 
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mu.ltimode waveguide so tbat·centre• of the cores of the 
singlem.ode fibre and. mu.ltimode waveguide are aligned and 

remain-fixed. at the splice; and 

cleaving or polishing the mu.ltimode wave~ide, 
5 after the fusion splicing, at a desired locat.ion spaced 

from. the splice to localise the sensor. 
XD the sensoJ:' according to the invention a 

singlemode of electz-omagnetic radiation is launched_ into 
the singlemode :f il>re from. a light source such as a laser 

10 and propagates along the singlem.ode fibre. When the light 
source reaches the mu.ltimocle waveguide the singlemode can 
branch out into mu.ltiplemodes within the mu.ltimode 
waveguide so that wben the mu.ltimode fibre experiences a 
change Clue to the change in,.tJie environment it is 

15 monitoring, properties o:f the electromagnetic radiation in 
the mu.ltimoc!e waveguide can be altered. Light which has 
had :I.ts property altered in _the.mu.ltim.oc!e waveguide enters 
the singlem.ode fil>re from the. mu.ltimode.waveguide :for 
detection by the detecting device. Cleaving or polishing 

20 ·Of the mu.ltimoc!e waveguide :for application of a mirroring 
material to reflect rad:Latio? back to a detector or fusion 
splicing o:f a singlem.ode f ib:re for enabling light to pass 
from the mu.ltim.oc!e waveguide to the singlemode fibre and 

then to a detector without reflection enables size of the 
25 sensing portion,. namely the mu.ltimocle waveguide, to be 

controlled so that the sensing portion can be made 
considerably smaller tbaD in prior azt devices. 

Preferably the singlemode Bad.mu.lt:l.mode fibres 
are prepared prior to :fusion splicing by cleaving or 

30 polishing ends of the singlef ibre and mu.lt:l.mode waveguide 
to establish flat smooth surf aces at the en4s of the 
s:Lnglemode :fibre and mu.ltimo4e waveguide which are to be 

fusion spliced. 
Preferably the cleaving or polishing at the 

35 desired location spaced from the fusion splice establishes 
a flat smooth surface at the desired location. 

Preferably the flat smooth surface at the desired 

f 

• r:. 

• 
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location is coated with a mirroring material to reflect 
radiation back through the multimode waveguide and then the 
singlemode fibre to a detecting device. However, in 
another embodiment the cleaved or polished multimode 

S · waveguide is fusion spliced at a desired location to a 
singlemode fibre which in turn is coupled to a detecting 
device. 

10 

Preferably the singlemode fibre is coupled to a 
light source, and a detecting device. 

Preferably a plurality of multimode waveguides 
and singlemode fibres are fusion spliced in end•to-end 
relationship to fozm a quasi-distributed senilor. 

In other embodiments a plurality of singlemode 
fibres are fusion spliced to respective multimode 

· 15 waveguides and the plurality of· singlemode fibres are 

20 

connected to a coupler which in turn is connected to a 
further singlemoc!e fibre to fozm a multiplexed sensor. 

Preferably the multimode waveguide is a multimode 
fibre. 

Thus preferably the invention may be said to 
reside in a method for producing a waveguide sensor, 
including, but not limited to, the steps.of: 

Preparing a singlemode and a multimode fibre by 

cleaving or polishing their ends so as to establish a flat, 
25 smooth surface. After taking necessary precautions to 

remove any contaminants from the cleaved or polished fibre 
end-faces, the fibres are placed end-to-end in a fusion 
splicing apparatus and fused together using the appropriate 
or desired fusion arch times and currents •. The fusion 

30 · splicd.ng procedure may be repeated a number of times . if 
necessary. Although it is not imperative, a preferred 
procedure for splicing the fibres involves setting the 
fusion splicing parameters such that the fibres are 
abruptly fused and not wholly fused in a tapered-like 

35 manner, such that a visible line separating the fibres is 
observable. l:n. this manner, the smaller core of the 
sin.glemode fibre does not taper or merge with the larger 
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core of the multimode fibre and, theref~re, essentially 
retains the original diaphragm si.ze. The core and overall 
diameters of the fibres is not limited and translation . . . ; ~ . . . . . . 

stages tUJ/J./or v-grooves may be ~sed ~n the fusion splicing 
5 apparatus to centrally align the co~s of the two fibres 

before the fusion splicing procedur~~ Different 
combinations of single and multi mode fibres may require a 
different or unique set of ~usii::m splicing parameters. 

Preparing or co1U1ectorising the free end of the 
10 singlemode fibre in any manner wbic;::h facilitates attaching, 

co1U1ecting or coupling the singleDl04e-f~re-part of the 
sensor to the_ appropriate combination and arrangement of 
light source, coupler, photodiode tUJiJ. signal processing 
electronics. 

15 Cleaving or polis~ing the multim.ode fibre at any 

location after the fusion·'splice so as to establish a flat, 
smooth surface. The position of the cleave or polished 
surface establishes the localised length or sensing region 
of the sensor. '.rherefore, it is possible to produce 

20 localised sensing lengths less tball. 1 mm lollg. There is no 
limit to the maximum length, other than those imposed by 

the optical attenuation and scattering of the waveguide 
material, by induced mi.er~ losses or by limitations of 
the optical components in the system. After taking 

25 necessary precautions to remove any contamiDallts from the 

cleaved or polished multimode fibre eDd-face, a selected 
portion of the fibre, inclu4ing the 8114-faceof the 

mult:Lmo4e fibre, is mirrored. with a suitable mirroring 
material (ie •• a metal or dielectric material). 

30 A pref erred method for mirroring the multimode 
fibre end-face involves placing the fibre in a vacuum 
system &Dd the prepared fibre end-face is then coated with 

.a metallic material such as Au, Ag, Al or Ti or~ 
dielectric material such as '.ri02 • 'l'his coating can be 

35 prepared by using the%'mal evaporation, electron beam 
evaporation or sputtering. Other coating or mirroring 
materials and techniques may also be utilised. 

.. 

f 
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. ·1n an optional embodiment; the manufactured 
sensor and/or the exposed fusion spliced region may be 
protected by encapsulating or coating the desired region in 
·a suitable material (ie. ultraviolet acrylate, epoxy, 

5 etc.). 
Any suitable light source, coupler and 

photodetector.may·be u.-ed with the sensor. 'l'he required 
optical properties of the light source are such that light 
may be launched into and propagated in the singlemode 

10 waveguide. :ror localisation, the light propa,gated in a 
singlemode fibre should remain singlemoded during the 
entire period of travel in the singlemode fibre. Once the 
light is launched into the multimode fibre from the 
singlemode fibre, several·modes may be excited and the 

15 multimoded fibre will be sensitive to various parameters. 
OD.ce the light is launched back into the sia.glemode fibre 
from the multimode fibre, only a single mode is supported 
and travels to the optical compoa.ents of the system. 
Lead-in/lead-out fibre 4esea.sitisation and sensor 

20 localisation is achieved ia. this mamier. Ia. practical 
applications, the singlemode fibre should be made 
sufficiently long to attea.uate all cladding modes in order 
to improve the signal-to noise ratio. 

25 

~ invea.tiOll also provides a sensor ia.cluding: 
a singlem.ode optical fibre fozmed from a 

waveguide material and having a fibre core; and 

a multimode waveguide and having a waveguide 
core, the multimode waveguide beia.g fusion spliced to the 
singlemode optical fibre so that centres of the cores of 

30 the sia.glemode waveguide al24 multimoda fibre are aligned 
and remain fixed at the splice; and 

wherein the multimode waveguide is cleaved or 
polished; after fusion splicing, at a desired location 
spaced from the fusion splice to localise the sensor. 

35 ·Preferably the cleaving or polishing at the 
desired location spaced from the fusion splice establishes 
a flat smooth surface at the desired location. 
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Preferably the flat smooth surface at the desired 
location is coated with a mirror material to localise the 
sensor. 

:tn another embodiment the cleave4 or pol~shed 
5 multimoc!e waveguic!e is fusion spliced to a further 

singlemoc!e fibre which is coupled to a detecting device. 
Preferably the sensor includes a light source and. 

a detecting device. 
:Cn the pref erred embodiment of the invention the 

10 light source and detecting device are coupiecl to the 
.singlemode fibre so that rac!iation, in use, is launched 
into the singlemade fibre and prcpagatea along the 

singlemad.e fibre and also along the multim.ode waveguide 
wherein properties of the ·radiation are altered due to 

15 changes in a parameter which is to be monitored, aa4 the 

rac!iation is reflected f roa the mirroring material back 
along the multimode waveguide and.singlemode fibre for 
detection by the det~cting device. 

In some embodiments of the invention a plurality 
20 of multimode waveguides and singlemode fibres are fusion 

spliced en4-to-8D4 to provide multi-distributed sensors. 
In other mibodiments-a plurality of sing18mode fibres are 
fusion spliced.to multimod.e waveguides and the singlemode 
fibres are coupled. to a coupler·which is in turn coupled. to 

25 a further singlemode fibre to produce a multiplexed sensor. 
'the waveguide·seDSors according to this invention 

can be use4 in. real-time to.monitor engineering structures 
aa4 fabricated items. Their small size enables them to be 
used :Ln difficult-to-reach areas or -1>844ed non 

30 intrusively in an ob:fect for in-situ monitoring. The 

concept of incoz:porating.the waveguide sem1ors into a patch 
body provides protection for the sensor and. allows the 
patch body to be adhered to the surface of existing or 
completed structures. 

35 Utilisation of properties·aad. characteristics of 
the electromagnetic radiation prcpagating in the waveguide 
sensor also enables monitoring to take place in a 

c 
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non-destructive manner. Tb.us, tb.e Jlensor is not 
necessarily fractured or destroyed in order to monitor the 
desired parameter. 

The effective sensing length of tb.e waveguide 
5 sensor can be varied for either point or integrated 

sensitivity. l_IU.lti-point sensing can be achieved by 

quasi-distributed, distributed or multiplexed 
configurations. 

Preferably tb.e waveguide comprises at least one 
10 optical fibre and/or at least one optical fibre device. :In 

aome embodiments of tb.e invention tb.e waveguide may merely 
comprise an optical fibre without any additional sensing 
elements. However, tb.e optical, fibre can include sensing 
elements at its end or along its length and tb.ose sensing 

15 elements can comprise devices wb.icb. will respond to a 
chaage in tb.e desired parameter in the enviromaent of 
application and influence tb.e properties and 

characteristics of the electromagnetic radiation 
propagating in tb.e waveguide to thereby provide an 

20 indication. of the change in the parameter. 
'l'b.e waveguide or waveguides may be formed from 

any glass material, hard oxides, halides, crystals, sol-gel 
. . 

glass, polymeric material or may be any form of monolithic 
substrate. 

25 Blectro-optic devices, acou.sto-optic devices, 
magneto-optic devices aDd./or integrated optical devices may 
also be utilised in the sensing system. 

Preferably the fusion splicing takes place in a 
fusion splicer or by laser welding tealm.iquea, or by any 

30 other tecybniquest to .fuse the multimode waveguide and 

ainglemode fi])re. 
Pref erred embod1-Dea.ts of tb.e present invention 

will be further illustrated, by way of example, witb. 
reference to tb.e following drawings in which: 

35 Figure 1 is a view ab.owing an embodiment of the 
invention illustrating fusion splicing and mirroring; 

Pigure 2 is a more detailed view of .tb.e 
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embodiment of figure 1; 
Figure 3 is a view showing a further embodiment 

of the invention; 
Figure 4 is a view showing a still further 

5 embodiment of the in'V'ention; and 

l'igure 5 is a view.showing yet a further 
embodiment of the invention. 

With reference to figure 1,· a singlemode fibre 14 _ 
and a multimode fibre 18 are prepared by cleaning their 

10 .ms so as to estaJ:>lish a flat, smooth surface. After 
taking necessaey precautions to remove any contaminants 
from the cleaved fibre end•faces, the fibres are placed 
end-to-end in a fusion splicing apparatus and fused 
together at 17 using the appropriate or desired fusion arch 

15 times and currents. !'he multimOde·f:l.bre 18 is·then cleaved 
at any location after the fusion splice 17 so as to 
establish a flat, smooth surface. !'he position of the 
cleave or polished. surf ace estaJ:>lishes the localised length 
or seDSing region of the sensor 12. After taking necesaaey 

20 precautions to remove any contaminants from. the cleaved 
multimode fibre end-face, a selected portion 15 of the 

fibre, including the end-face· of the multimode fibre, is 
mirrored with a suitaJ:>le mirroring material (ie., a met•l 
or dielectric material). 

25 In the embo4:1.ment of figure 2, a fibre optic 
m.odalmetric sensor 10 according to the preferred embodiment 
comprises a multimo4a f:l.~re 18 which is mirrored ·on its 
8114-face 15 and fusion spliced 17 to a singlemode fibre 
patch cord 16. 9Le free en4 of the fibre optic aoc!almetric 

30 sensor 10 can be acDlered to an engineering structure or 
manufactured article. The singlemode fibre patch cord 16 
is coupled to instrumentation 20 which includes a light 
source 22, coupler 26 and a detector and signal processing 
unit 24. file patch cord 16 can be of any desired length, 

35 and indeed up to several kilometres, so the 
20 can be located remote from the :multimode 
forms the sensing element of the seDSor 10. 

instrumentation 
fibre 18 which 

The light 

.. 

( 
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source 22 provides light which is propagated along the 
singlemode fibre 14 in the singlemode ·fibre patch cord 16 
and, which ·in the embodiment of figure 2, is reflected back 
along the optical fibre for detection by the unit 24. 

5 However, in other embodiments the detecting unit 
24 could be located at the end of the optical fibre and the 
transmitted wave could merely be detected by the unit 24 
without the need for reflection. 'l'he propagated light in 
the multimode fibre 18 which is eventually detected by the 

10 detector unit 24 has its properties and characteri·stics 
altered by a change in a desired parameter which is to be 
monitored. 

Zn this embodiment and the other embodiments to 
be described in the following description, the multimode 

15 fibre 18 and a small part of the singlemode fibre 14/patch 
cord 16 ia located on a patch body (not shown) of host 
material to enable the sensor to b8 conveniently attached 
to a structure or the like. 

In the embodiment of figure 3, a singlemode 
20 optical fibre patch cord 16 is coupled to the light source 

22. A multimode fibre 18 ia than fusion spliced to the 
singlemode fibre 1~ in the same mazmer aa described with 
reference to f iaures 1 and 2. 'l'he other end of the 
multimode fibre 18 is cleaved and prepared in the manner 

25 referred to above and fusion spliced to a further 
siDQ'lemod.e fibre 14. 'l'he singlemode fibre 14 is fusion 
spliced to a multimode fibre 18 which is in tUZ'D is fusion 
spliced to a singlemode optical fibre patch cord 16 which 
is coupled to the detector and signal processing device 24. 

30 In this embodiment of the invention a quasi-distributed 
sensor :Ls produced which·has sensing portions formed by the 
two multi.mode fibres 18 wherein the propagated electro­
magnetic radiation is received by the detector 24 at the 
end of the optical path rather than by reflecting the 

35 radiation back from a mirrored end 15 as in the embodiment 
of figure 2. 

Zn the embodiment of figure 2, the patch cord 16 
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including the singlemode fibre, connected to detector 24, 
could be replaced with a mult:Lmode fibre. Depending on the 
length of the mu.ltimod.e fibre, results may not be as good 
as the arrangement shown in figure 2 because of dr~ft or 

5 interference in the multimode fibre which replaces the 
patch cord. 16. 

l:n the embodiment of figure 4, a 
qua•i-distributed sensor arrangement 30 is illustrated. 
'.l'his arrangement is made possible by fusion splicing 17 

10 insensitive siziglemode fibre 14 sections between the 

sensitive mu.ltim.ode fibre 18 sections. 

15 

In the embodiment of figure S, a multiplexed 
fibre optic modalmetric· sensor system 40 is illustrated. A 

( l.Dt) star coupler 42 :t.oins the singlemode optical fibre 
patch cords 16 to one individual singlemad.e optical fibre 
patch core! 44. fi:U.s type of configuration would be capable 
of mapping parameter·fia14a. 

'the primary applications of the fibre optic 
modalmatric sensor according to the preferred embodiments 

20 of this invention is iD structural integrity monitor:Lzig and 

machine ccm4ition monitoring. Be sensor could be used to 
monitor a wide variety of structures and machinery, for 
example: metal or composite material aerospace structures, 
satellites, marine vessels, sulmlersible vessels, storage 

25 vessels, off-shore structures, pipelines, chemical storage 
containe:r:s, powe:r: transfo:r:mm:'s, power generators, hydro 
electric das, gearboxes, mot.ors, compressors, buildings, 
bridges, etc. Other parameters could also be monitored 
depending on the type.of waveguide or sensor arrangement 

30 employed. 

Be sensors are capable of. monitor:l.zig parameters 
in a reliable and non destructive manner. In other words, 
the sensor waveguide does not rely on failure,. fracture, 
breakage 

35 change. 
Pref erred embodiments of the invention have been 

tested illustrated by the following examples. The sensors 

f 
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were constructed in order to deterndne the feasibility of 
producing l~~alised. fibre optic modalmetric sensors with 
relatively short sensing lengths. Parameters monitored. 
with the fibre optic modalmetric sensors included. strain, 

5 vibration, structural reaODance, frequency analysis, 
acoustic emission, sound, temperature and. proximity. Not 
all of the results obtained to date are detailed in the 
following examples. 
Bzampie 1: 

10 A fibre optic modalmetric sensor was constructed using a 
singlemode pigtailed. laser d.iod.e operating at A=670 nm.. 
The laser diode pigtail was fusion spliced. to a 633 nm 

singlemode, 3 dB (2X2) fibre optic coupler. The sensing 
region was constructed. J)y fusion splicing an optical fibre 

15 with 3.5/125 µm core/cla44ing diameter to an optical fibre 
with 9/125 µm core/cla441ng diameter. The multimode 
(larger core) fibre was cleaved approximately 10 mm from 
the' fusion splice location and mirrored. The singlemode 
fibre free-end was fusion spliced to one of the sensor 

2 O ports of the ( 2X2) coupler. The unused sensor port was 
fractured to minimise end reflections. The remaining 
output port of the coupler was ST-coailected to a 
ST-receptacled silicon photodiod.e. The sensor was then 
adhered to a steel cantilever beam with Ciba Geigy Araldite 

25 24 hour epoxy. AD electrical strain gauge (BSG) was also 
adhered to the beam using a cyanoaczylate adhesive, 
co-located with the fibre optic senaor, in order to compare 
results. The steel beam was placed in a cantilever load 
frmae and deflected. Dynamic experiments were performed by 

30 deflecting the beam tip and releasing. The sensor signal 
output (vibration) and frequency response (via a Fast 
Fourier Transform.) were compared with the BSG response. In 
each case the sensor response showed excellent correlation 
with the BSG response. The lead-in/lead-out singlemode 

35 fibre showed no significant sensitivity to external 
perturbations, demoDStrating good. localisation of the 
sensor. 



W096/08695 PCT/AU95/00568 

- 18 -

:example 2: 
A fibre optic.~l.metric sensor was constructed using a 
singlemode pigtailed laser diode operating at 1=1300 nm. 
'rhe laser diode pigtail was fusion spliced to a 1300 nm 

S singlemode, 3 dB (2X2) fibre ol>tic coupler. The sensing 
region was constructed by fusion splicing an optical fibre 
with 9/125 µm core/clac!aing diameter to an optical fibre 
with 50/125 µm core/cladding diameter. The multi.mode 
(larger core) fibre was cleaved approximately 10 mm from 

10 the fusion splice location am mirrored. The s:lnglemode 
fibre free-end was fusion spliced to .~ of the sensor 
ports of the (2%2) coupler. The unused sensor· port was 
fractured to minimise encl reflectiona. '.rb.e remaining 
output port of the coupler· was fusion. spliced to a fibre 

15 pigtailed lDGaAs photodiode. 'lhe· sensor .was then adhered 
·to a ·steel cantilever beam with Ciba GeiW Araldite 24 hour 
epozy. Arl electrical· strain .gauge .(BSG) was also adhered 
to tb.e beam using a cyanoacrylate adb.eaive, .co-located with 
the fibre optic sensor, in order to compare results. The 

20 steel beam was placed in a cantilever load frame .lmd 

deflected. Dymmic experiments were performed by 

deflecting the beam. tip &D4 releasing. ·The· sensor signal 
output (vibration) anc! frequency respoue (via a l'ast 
Fourier Tranafozm.) were compared. with the BSGresponse. 

25 %D eacb..caae tb.e aezillor.responae ab.owed. excellent 
correlation with the BSG reaponse. 'l'he lead-in/lead-out 
aingleaod.e fibre ab.owed no significant sensitivity to 
exteZD&l perturbations, demonstrating good localisation of 
the sensor 

30 BX•mple 3: 

A fibre optic modal.metric sensor was conatructed. using a 
singlemod.e pigtailed laser diod.e operating at A.-1300 :ma. 
The laser d.iode pigtail was fusion spliced. to a 1300 ma 
siD.glemode, 3 dB (2X2) fibre optic coupler. file sensing 

35 region was constructed by fusion splicing an optical fibre 
with 9/125 µm core/cladding diameter to an optical fibre 
witb. 100/140 µm core/cladding diameter. 'l'he multi.mode 

.... -

c 
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(larger cor4'>..fibre was cleaved approximately 10 mm from 
the fusion splice location. and mirrored. The sin.glemode 
fibre free-end was fusion spliced to one of the sensor 
ports of the (2X2) coupler. '1'he unused sensor port was 

5 fractured to minimise end reflections. The remaining 
output port of. the coupler was fusion spliced to a fibre 
pigtailed tnGaAs photodiode. The sensor was then adhered 
to a steel cantilever beam with Ciba Geigy Araldite 24 hour 
epoxy. An electrical strain gauge (BSG) was also adhered 

10 to the beam using a cyanoacrylate adhesive, co-located with 
the fibre oPtic sensor, in order to compare results. 'l'he 
steel beam was placed in a cantilever load frame and 
deflected. Dynamic experiments ware perfozmed by 

deflecting the beam tip and releasing. The sensor signal 
15 output (vibration) and frequency response (via a Fast 

Pourier Tran.sfozm) ware compared with the BSG response. In 
each case the sensor response showed excellent co::r:::r:elation 
with the BSG respo~e. '1'he lead-in/lead-out singleDLode 
fibre showed no significant sensitivity to external 

20 perturbations, dellloQtratin.g good localisation of the 
sensor. 
Bxample 4: 
A fibre aptic modal.metric sensor was constructed using a 
singlemode pigtailed laser diode aperating at 1=1300 mn.. 

25 The laser diode pigtail was fusion spliced to a 1300 ma 
ain.glemode, 3 dB (2X2) fibre optic coupler. The sensing 
region was constructed by fusion splicing an optical fibre 
with 9/125 µm core/cladding diameter to an optical fibre 
with 100/140 µm core/c1a4ding diameter. The m'1ltimode 

30 (larger core) fibre was cleaved approximately 300 mm from 
the fusion splice location. and mirrored. '1'he singlemode 
fibre free-end was PC-connectorised and connected to a PC 
receptacled sensor port of the (2X2) coupler. 'l'he unused 
sensor port arm was fractured to minimise end reflections. 

35 The remaining output port of the coupler was fusion spliced 
to a fibre pigtailed In.Ga.As photodiode. The.sensor was 
then encapsulated in a thin layer of Ciba Geigy Araldite 24 
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hour epoxy and embe&!ed in a concrete beam. 'l'he concrete 
beam. was placed in a three-point beD4 apparatus and 

deflected. The respOn&e of the sensor showed excellent 
agreement with the magnitude and frequency of the applied 

5 force. The concrete· beam was also impacted with a steel 
banner and the aenaor response showed the expected, high 
frequency response characteristics·~ '1'he lead-in/lead-out 
singlem.ode fibre showed no significant sensitivity to 
external perturbatiODS, demonstrating good localisation of 

10 the sensor. 

15 

20 

25 

30 

35 

Optical devices made by the method of the 
invention and optical devices according to the invention 
are useful in a wide variety of applications and fields. 
Not inclusive, but indicatively, the following examples 
illustrate some applicatiODS in which the fibre optic 
modalmetric sensor may be used.: 

Aerospace structures operate on extremely tight 
tolerances aD4 safety criteria. As a consequence, 
aerospace structures are often inspected at frequent 
intervals using labour intensive non-destructive 
techniques. Blectrical strain gauges and 

piezo-electrica cannot be incorporated into the 
structure without detrimental e£feets and have a 
limited fatigue life. As a consequence, real-time 
structural integrity monitoring is rarely achieved in 
aerospace structures, except perhaps in sc:>phisticate~ 
militazy research pro:lects. The fil>re optic 
modal.metric sensor; alternatively, can be adhered to 
the irmer-surface of aerospace structures, thUs not 
affecting the aerodynamics, aD4 yet provide the 
following advantages over conventicmal sensors: ·they 
can perfozm quasi-static or c!ynmDic measurements, have 
vezy high fatigue life, are corrosion resistant, are 
non-conductive, are capable of point or distributed 
sensing, can be configured to any shape or contour, 
and a single sensor is capable of monitoring several 
parameters .simultaneously. PurtheJ:mOre, it is 

• 
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possible.~o embed the optical· sensor in composite 
components to perform in-situ monitoring. 
Off-shore oil-rigs are generally routinely inspected 
by divers or robots for stJ:'Uctural integrity. '1'he 

harsh, corrosive environment renders it nearly 
impractical to attach conventional sensors to the 
structure. As a result, cracks or any other form of 
damage cannot be detected in its early stages and 

could possibly grow to within catastrophic levels 
before it is visually found. Blectrical strain gauges 
would require long wire lead lengths to reach the 
desired sensing region, thus electrical noise would be 
a large limitation. Piezo-electric sensors have a 
major limitation in that they are a dynamic material, 
whereas vibrations.in oil-rigs are generally 
quasi-static (< 2 Bs). Zn adc!ition, electrical 
devices are prone to corrosion damage which would 
limit their lifetime substantially. Pibre optic 
modalmetric sensors are not only resistant to 
corrosion, but they could possibly monitor the extent 
of corrosion of the structure. Lightning strikes 
would severel~ effect electrical or conductive 
devices, whereas optical sensors are generally not 
affected by this type of strike. '!he fibre optic 
modalmetric sensors can be reliably adhered to 
critical areas of off-shore oil-rigs (ie. underwater 
support structures) and thus offers the opportunity to 
monitor the structural integrity :ln real-time. 
OD-board the oil-rig, fibre optic m.oc!al.metric sensors 
could continuously monitor structural vibrations. 
Naval vessels (ships or submersibles) are generally 
monitored by diver• or in dry docks for structural 
integrity. '1'he limitations of conventional sensors in 
this case are the same as those discussed for 
off-shore oil rigs. Pibre optic modalmetric sensors 
would be extremely useful for these structures as the 

world-wide f~eet is generally quite old and ageing 
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rapiclly. ·A particular aclvantage of a fibre optic 
m.oclalmetric sensors for use in these structures is the 
ability to monitor relatively large areas ancl to 
localise the sensing regions. Conventional sensors 
are usually limited in size. The longer/ larger sensor 
types that do exist are usually very.expensive. The 
fibre optic m.odalmetric sensors, on the other hand, 

can be configured to any desired lezisrth/size with only 
a marginal increase in cost and complexity. 
Power stations and transformers are critical 
structures to monitor as they tend to over-heat and 
have vibrational problems whic::h co.uld result in 
extremely dangerous explosions. Conventional sensing 
techniques suffer extrema electri.cal noise problems 
when monitoring these st%'11ctures Clue to 
electro-magnetic interference· (Bia). l':l.bre optic 
:mocSaJ.metric s~ors can easily be adherecl to these 
structures to m:onttor temperature, vi):)rations, 
cracld.ng, strains and stresses, and. several other 
important parameters in real-time, without the noise 
limitations. 
Insulation degradation of large ~ower equipment is one 
of thama:lor concerns of electricity supply 
authorities. l'oraed outage of a large generator or 
transfonaer due to insu.lation breaJc4ow.l:l can cost 
millions of dollars in repair and outage costs. 'l'he 

potential for generator and tranafozmer outage is ever 
increuing.as a large proportion of the capital 
equipment in the Australian and inteZ"D&tional 
electrical industry :Ls nearing its a:pacted lifetime. 
Replacement and refurbisbmant of these major 
components has significantly s1owecl down because of 
economic· restraints and 111a1Ji5r are now operating beyond 
their expecte4 operational lifetime. Therefore, it is 
important to closely monitor the insulation condition 
of these components and detes:mine the remnant life of 
the electrical generating plant. 

f 
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·Partial, discharge (PD) measurements have been one of 

the most effective diagnostic tools for monitoring the 

insulation. condition of high voltage equipment. 

In-service measurements of partial discharges_ in 

generators and tran.sfoxmers are extremely difficult 

because of large interference effects from various 

sources, particularly BKI. Investigations have been 

carried out in the world to develop reliable detection 

techniques and devices, however, n.o successful 

breakthrough has until n.ow been achieved. The fibre 

optic modalmetric sensor offers a new technique for PD 

measurements in. the power industry by monitoring 

minute, high frequency acoustic emission. signals in 

the structure. Machine condition monitoring can. be 

performed simultaneously with the fibre optic 

modalmetric sensor by low-pass filtering the sign.al 

an.d perf ormin.g f requen.cy analysis of the structural 

-rescman.ces. 'l'lae fibre optic modalmetric sensor offers 

several advantages over other PD detectors currently 

·under development around the world, these in.elude: 

less complex, small size, ease of use, safer for the 

high voltage _equipment in.sulati~, more reliable for 

noise discrimination. (immun.ity to BMI) an.d cost 

effective. 

Undersea pipelines are generally n.ot monitored at all 

due to.the lack of an.y reliable and durable sen.sing 

teclmJ.ques. ::Cf something goes wrong with a pipeline 

(ie., cracking, corrosion., etc.) it is usually 

realised when. the output flow is affected. No 

:l.n.f ormation. is available as to the type and location 

of the fault. Obviously, this is an. inefficient and 

potentially costly situation.. Not only has the flow 

of goods stopped, but the pipeline has to be pulled up 

or divers/robots need to go down. to have a look for 

the fault. Undersea pipelines are in. a very harsh and 

corrosive environmen.t. In. addition., their lengths can. 

vary from a few meters to several hundred kilometres 
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in length. Conventional cOilductive sensors would have 
difficulties surviving the enviromaent and because of 
the long lengths of wire-leads reQU.ired they would 
suffer from electrical :noise problems. O':nder~ea 

optical fibre communication cables have proved their 
capabilities in long-haul ( > 1000 km) applications, 
therefore optical fibre sensors could be useful in 
long-haul ··sensing requiremeli.ts. 
file chemical and petrochemical industries have an 
ongoing need to monitor the structural health and 

integrity of all their reaction· and containment 
tanks/vessels and cylinders. !'his can be achieved 
with semi-permanent, conventional techniques but 
durability and accuracy are essential or false alarms· 
may result. !'he inherent advantages of the fibre 
optical m.odalmetric sensor makes it ·· ideal for this 
application. 
!'he measurement of loa4s currently relies heavily on 
loa4 cells which are configuration of resistive strain 
devices. '!he cells have a characteristic :narrow load 
range within which accuracy an4 sensitivities are 
within tolerance. 'l'he narrowness of this operating 
range derives from the non-linearity of the electrical 
resistance response to strain, a feature which the 
fibre optic mo4almetric sensor overcomes. Renee load 
cells constructed with fibre optic·· mo4almetric sensor 
components should be more sensitive at most loads but 
cover a mu.ch broader range off loads. This would 
result in the current aeries of load cells being 

replaced by a single broad-range fibre Optical 
modalmetric sensor cell. An added advantage would J)e 
the ·zero sensitivity of the fibre optic modalmetric 
sensor cells to electrical noise and harmonic 
responses to set frequencies of loading. 
Structural integrity monitoring applications in 
general. 
Machine condition monitoring applications in general. 

• 

( 
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Optical;· signal processing, conditioning, stabilisation 

and opt£ii.1sat:ion applications , iii general. · 

'1'he fibre optic modalmetric sensor may be used 

in most: applications where conventional sensors such as 

5 electrical strain gauges, accelerometers, therm.oc~ples, 

make-break circuits and piezo-electric sensors are employed 

or might be employed if they were less limited. Hot 

inclusive, l:>ut indicatively, the following examples 

illustrate some users of the fibre optic mo4almet:ric 

10 sensor: 

15 

20 

25 

30 

35 

Road, rail, dam and bridge construction and 

maintenance finas. 
Owners, operators and insurers of marine vessels. 

Petroleum and petrochemical companies. 

Power, water and fuel facilities. 

':rower owners and operators. 

Aircraft manufacturers and repairers. 

Airfleet operators. 
Automotive industzy. 
Hon-destructive evaluation finas and equipment 

manufacturers. 
R&D companies and laboratories. 

Wood pulp and pa.per manufacturers 

:tnst.rument and sensor manufacturers. 

Sports equipment and facilities manufacturers and 

operators. 
Off-shore oil rig operators and maintenance firms. 

Mine operators. 
Quality Assurance and safety firms. 

Building management finas. 

Zndustrial equipment operators and manufacturers. 

Security firms. 
Power plant manufacturers, owners or operators. 

Telecommunications firms or operators. 

Telecommunication components/devices manufacturers. 

To date, the use of multimode fibre systems has · 

been greatly limited by their undesired response 
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characteristics. Thia aiOJ;iificant.disadvantage offsets the 
fibre's advaiitages of low cost and ease of fabrication. 
'l'he fibre optic moclalmetric ~ensor overcomes the inherent 
wea~essea, is easy to fabricate and costs relatively 

s little to assemble. 
such a sensing system. would of~er low cost and 

increased safety advantages over existing tec!mologies and 
has the potential for short to long term installation 
monitoring in plant, ecological (i.e., UDderaea) and other 

10 environments. Han.y applications of the fibre optic 
modal.metric sensor are possible because.of it's 
sensitivity, simplicity and coat effecti'.'V'eness. 

Sinc:e mQdif icationa within the spirit and scope 
of the invention may readily be effected by persona skilled 

15 with.in the art, it is to be UDderstood th.at th.is invention 
is not limited to the parti011lar embodiment described by 

way of exa,.,le herein.above. 

• 
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TBB CLAIMS DBl'IRIN'G '1'HB IRVBft:CON'.ARB AS 70LLOWS: 

1. A method for producing a sensor, including: 

providizig a siziglemode optical fibre fo~d from 

a waveguide material and having·a fibre core; 

providing a m.ultimode waveguide having a 

waveguide core; 

fusion splicing the siziglemode fibre and 

multimode waveguide so that centres of the cores of the 

siziglemode fibre and multimode waveguide are aligned and 

10 · remain fixed at the splice; an4 

cleaving or polishizig the multim.ode wa-,,eguide, 

after the fusion splicing, at a desired location spaced 

from the·splice to localise the sensor. 

2. The method of claim 1 wherein the singlemode 

15 fibre an4 multim.ode waveguide are prepared prior to fusion 

splicing by cleavizig or polishing ends of the singlemode 

and multimode waveguide to establish flat smooth surfaces 

at the ends of the singlemode fibre an4 multimode waveguide 

which are to be fusion spliced. 

20 3. The method of claim 1 wherein the cleaving or 

.polishing at the desired location spaced from the fusion 

splice establishes a flat smooth surface at the desired 

location. 

4. '!he. method of claim 3 Wherein the flat smooth 

25 surface at the desired location is coated with a mirroring 

material to reflect radiation back through the multimode 

waveguide and then the singlemode fibre to a detecting 

device. 

5. '.rhe method of claim 1 wherein the singlemode 

30 fibre is coupled to a light source, and a detecting device. 

6. '.rhe method of claim 1 wherein a plurality of 
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multimode waveguides and singlemode fibre• are fusion 
spliced in end-to-end relationship to form a quasi­
distributed sensor• 

'· 'r11e method of claim.1 wherein a plural"ity of 
S siDglemode fibres are fusion spliced to respective 

multimode waveguides and the plurality of singlemode fibres 
.are comiected to a coupler which in turn is connected to a 
further singlemode fibre to form a multiple~ed sensor. 

10 

8. 'l'he method of claim 1 wherein multimode 
waveguide includes at least one optical sensing element. 

9. 'l'he method of claim. 1 including the step of 
coupling a light source and detector to the singlemode 
optical fibre. 

10. The method of claim 1 including coupling a light 
15 source to the singlemoc!e fibre, fusion splicing a further 

singlemod.e fibre to the multimoc!e waveguide at the desired 
location and coupling a detector to the further singlemode 
fibre. 

11. The.method of claim 1 wherein the multimode 
20 waveguide is a multimOde fibre. 

12. A sensor inolucSing: 
a singlem.ode optic:al fibr41a_fo:cme4 from.a 

waveguide material and having a fibre core; and 

a multim.o4e waveguide 1-ving a waveguide core, 
25 the multim.ode optical fibre being fusion spliced to the 

singlemode optical fibre so that centres of the cores of 
the singlem.ode fibre and multimode waveguide are aligned 
and remain f ixe4 at the splice; aZMJ 

whereiit. the multimode waveguide is cleaved or 
30 polished, after fusion splicing, at a desire~ location 

spaced from the fusion splice to localise the sensor. 

• 

f 
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13. ·The sensor of claim 12 wherein the cleaving or 
polishing at the desired location spaced from the fusion 
splice establishes a flat smooth surf ace at the desired 
location. 

5 14. The sensor of claim 13 wherein the flat smooth 
surface at the desired location is coated with a mirror 
material to localise the sensor. 

15. 'l'he sensor of claim 12 wherein the cleaved or 
polished multimode waveguide is fusion spliced to a further 

10 ainglemode fibre which is coupled to a detecting device. 

16. 'l'he sensor of claim 13 wherein the sensor is 
coupled to a light source and a detecting device. 

17. The sensor of claim 16 wherein the light source 
and detecting device are coupled to the singlamode fibre so 

15 that radiation, in use, is launched into the singlemode 
fibre and propagates along the singlemode fibre and also 
along the multimode waveguide wherein properties of the 
radiation are altered due to changes in a parameter which 
is to be monitored, a.114 the radiation is reflected from the 

20 mirroring material back along the multimode waveguide and 

singlemode fibre for detection by the detecting device. 

18. 'l'he sensor of claim 12 wherein a light source is 
coupled to the singlemode fibre for launching radiation 
into the singlemode fibre, and wherein a further singlemode 

25 fibre is fusion spliced to the desired location of the 
multimode waveguide and a detecting device is coupled to 
the further singlemode fibre for detecting radiation which 
is passed through the multimode fibre and which has had a 
property altered and wherein radiation propagates from the 

30 multimode waveguide into the further singlemode fibre for 
detection by the detecting device. 
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19. The sensor of claim 12wherein the multimode 
waveguide is a multimode fibre. 


