DI STRI BUTED TEMPERATURE SENSOR The present invention relates to a
distributed tenperature sensor to nmeet the need for detectien.ard-satets on
of hot spots occurring anywhere-within a large area, for exanple for
detecting overheating which may result fromor ledadto a fire in a building
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In accordance with the invention there is provided a
distributed temperature sensor comprising an elongate ultrasonic
waveguide, said waveguide having at least one zone formed as a
grating to reflect the ultrasonic waves at a frequency determined
by the grating dimensions arid temperature, means for supplying a
wide range of ultrasonic frequencies to the waveguide and means
for detecting and.analysing.the frequencies reflected by the (~
grating to provide a measure of the temperature of the zone.

The means for supplying ultrasonic frequencies may be a
pulse generator, preferably comprisihg.an electrical pulse

| generator coupled to a magneto-strictive element to generate the
‘ultrasonic waves.
The gratings may be formed by machining flats at
intervals along the length of a sensor wire forming the wavegquide
or applying collars to the sensor wire by a plating, spraying or
other deposition process. In each case the grating is éreferably
a regular grating with a mark/space ratio of one. The wavelength
of the reflected waves will be four times the length of each mark
or space. The positions of the grating zones along the sensor
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wire can be chosen as required and their | engths can al so be chosen
arbitrarily. Each will have a grating which reflects a characteristic
narrow band of  frequencies so that the signals fromthe various grating
zones do not interfere with one another and are easily distinguished. As

the tenperature %rhheaﬂasaioeﬁhr@s Vg £ed an@rmep@rlhhgtﬁ@eaﬁcmo we
vel oﬁ\ty of the waves w th he wi re changes and hence the refl ected

wave. »-_éngt h and frdQgeRar éIE{"%?*‘rH’fneo"’:at‘)’f:1 Hd Bred Pn%rﬁlﬁgﬁg}lﬁﬂsr?ﬁlﬁfx%ﬁange

The change in thecmaewzlﬁdtids eauemwahhedfetﬁe@enepésasantmtt bire @hgﬁglsng
tenperature of a particul ar.zone e _sen a_gr.ating
zone i s heated un’? h’i“’y VFﬁbmﬁegﬁ(a)?l@lgl &%y ?r’@ﬁ 'htceﬁ?ﬁﬂ:v?lm °§’ﬁi etg‘ By "an
anount representiang ahe easélngdstmpdsbedr e change. If only part -is heated
the frequency spectrum wi pk é}% Q%ﬂ?&%@ﬁ?e 8E“tﬁel"sén£&5§1fé‘ vﬁYFé@Qﬁ 2

n rmne b

tenperature change can agai it 1s also possib y
anal ysis of the rRETticYlaT gongyudheivadochtyjef e wavesspyithin khe r‘t’érﬁone Thi s

can be done by spefangas ahdcherfdeS thé Mlé@ﬂeﬁ%iﬂeﬁbﬁ@ttﬂhﬂd%gﬁ&@xam ne
parts of the spec

rum e Iatter procedur e woul so en
position and w dt t&F‘“H‘%BY Yt 9TRtimg Q?mr}?eﬂlﬂ QnQ%r?ﬁEr h@% 6Brrent
the whol e | ength tie hbssuredsfrequeney ithefeforedrepresentsf the tchaggiggat i ng with

a continuously o tetlpdfatifid CoP% Pﬁh‘é&f‘chgalr onk &3 %ﬁé%reﬁso% g the"#iSle of

different frequencieés in he re waves ar € characterist

different parts ot gratingegone ig heatadqunifoymbwnthggpaak reflegted Lraquencyi ve a

measure of the tepaqrgé Wherbdd %féﬁrﬁﬁhp%b&ﬁtiﬁtﬁbrﬁerégé Fehp&rUturer
trawksform (FFT) of the received o gna wi | enag hase and anpl i t ude

of each frequency*®898e d&t R B dﬁdhﬁt@ﬂ\ the r?ﬁ’é“ﬁi’o??ﬁcamy’lébrpebe
conputed. The gr thipadenst. asn athhsncaseoancafvefammemrat&:pé ehenges caheagain

vari ation of tenper g %géﬁm%érbuql ﬁaﬁc% |P§951t{q% ﬁg%g(iﬁsa%d#'} s provides a

nmeasure of the te ure any pol n
i nvention will novefidecthss reduetcies rmréetimtahd!t wpots tinethe dond. amhwempl e

illustrated int aﬁﬁ@rﬁ}agyéé&a@r&mms oMby isEhg 'nﬁiﬂg w’m?&:satB' ock
circuit di agram o ul se supply a nmeasur enment. devi ces a_sensor in
accordance with t9%amine parts of the spectrum. The latter procedure would also

enable the position and width of a hot spot to be determined.

‘ In a further development the whole length of the sensor
wire is formed as a reflecting grating with a continuously
varying spacing between the reflectors. 1In this case different
frequencies in the reflected waves are characteristic of
different parts_of the sensor wire and they can again be analyzed

U to give a measure of the temperature of different parts of the
wire. A fast Fourier transform (FFT) of the received signal will
enable the phase and amplitude of each frequency to be determined
and from this the group delay can be computed. The group delay
as a function of frequency represents the variation of
temperature with distance along the sensor and thus provides a
measure of the temperature at any point along the sensor wire.

The invention will now be described in more detail with
the aid of an example illustrated in the accompanying drawings,
in which:-

Fig. 1 is a block circuit diagram of the pulse supply
and measurement devices for a sensor in accordance with the
invention, .
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and Fig. 3 is an enlarged perspective view of one reflector section of the -
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-As seen in. Fig 2 the sensor wire 13- has ‘a number of
reflector zones 20 separated by lengths of plaxn wire 21. The
length of each reflector zone and the spacxng between zones is

chosen :as requlred to cover the areas where overheating is likely

. to occur. Fig.3 shows a reflector zone:which is formed by a

series of barrels or collars 22 deposited.on the outer surface of
the rod 13. These need only-project:by'd 005 'inch to provide a
discontinuity which will reflect the ultrason1c waves. The
length of each: barrel and the spacing between the barrels is the
same and is selected to selectxvely reflect a narrow band of
frequencies out of the spectrum of frequencies in the transmitted
pulse. The reflected frequencies will Centre on that for which
the length of ‘the barrel is a quarter warelength; Each reflector
zone has a dtfferent value of tﬁe'length-andispaciﬂgfof the
collars 22 so that it reflects a,different'frequency. A change
in temperature'in one of the reflector zones alters the sonic
velocitj and thus'modifies the reflecteddfrequenCy'in a manner
which is representative of the temperature change. A shift in
the central frequency represents a change in the average

temperature of the zone while a'broadeningfof the'spectrum'of the

reflected freqdencies indicates a hot spot within the zone whose
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velocity and thus nodifies the reflected frequency in a manner which is
representative of the tenperature change. ~"A'shift in the central
frequency represents a change in the average tenperature of the zone while
a broadening of the spectrumof the reflected frequencies indicates a hot
spot within the zone whose_- 3- ' wi dth can be_determ ned by
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ni ckel - pl at ed ti teedleeingt disdontinujtéess and ot her alloys such as
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be used. One end of the sensor wire is magnet o-strictive rod
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that of the refl e(etlociizionestenlpﬂrm.zdm!ghh@rspathtgnﬂ)et wpecifdnd the width
of notches or baryghsrdtiire a material having a step change at or near that
temperature could be used. A variety of metals satisfy these
requirements such as molybdenum, thoriated tungsten,
nickel-plated titanium, stainless steels and other alloys such as
iridium/rhenium and tuﬁgsten/rhenium and some plastics materials
can also be used. One end of the sensor wire is welded to a
magneto-strictive rod forming part of the transducer for the
generation and detection of the ultrasonic waves.
Typically the sensor wire may be of 0.064 inch diameter
-/ ' and have a series of reflector zones each of 30 inch length,

' separated by upiforh zones which can be of varied length, either
greater or less than that of the reflector zones. In each zone
the spacing between and the width of notches or barrels is
preferably the same throughout the zone but from one zone to
another may vary from, for example, 0.175 inch to 0.719 inch,
corresponding to frequencies of 283 kHz to 69 kHz.

The detected temperature changes may be used in a
variety of ways, for example to trigger alarm or sprinmkler
.- systems. One method of analyzing the information obtained is to
consider the temperatures of three adjacent sub-zones. If the
average temperature T= of two adjacent sub-zones is related to
the temperature T« of the third sub-zone by the inequality
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preferably the sanme throughout the zone but fromone zone to another may
vary from for exanple, 0.175 inch to 0.719 inch; corresponding to
frequencies of 283 kHz to 69 kHz. The detected tenperature changes nay be
used in a variety of ways, for exanple to trigger alarmor sprinkler
systens. One nethod of analyzing the information obtained is to consider__
the tenperatures of thfee”alljEcdnf sub-zones. |f the average terrperatu@

tTh OL tvvg ad] %gf‘é nﬁﬂbd ZORgE ddnstehed @Hossh EbE ﬁ}@np@ftarcufj& Tlerr] ofttht

ird sub-zone e i neq c are constants
hosen”for T netRmetanber. thvt i o asard S hadltRkse " 3Bk BverRra: od 11
the average t demperdture off thaa:mbeeaxhslamsomassmaswm 6D eqaabf equal .
| engt h) given 3 e r ] I ver heat
ong 1) o <" IR PGRALL BY | Py ePh S 1h 10dated HAER 0 o8 AR f |

t enper at ur e Towerheadxcendiitign disedndicated: tength [err] of the two adj ace'nt !

sub-zones whi ch have apptrate | gkt rédifl t2EforPaNRéMVspE e & rel atively
cool terrperature T[err] In this case the average tegperature Tlerr] is

gi ven by [er r [temeezatuzs fu ?fEﬁ“’fd]mgs"‘feésﬁ(ﬁ@F‘v'el%Fh - 8%athe k¥Pease in the
hot spot terrp%aaawxﬁ sa-alonE e virﬂchh@éveoé tdtal SiEngeh Bl 296 axedotkeraise

|ncrease|nth ength. af.f ected_ b easgd rrperat re andtheflré
state will be§ nﬁ&ggf’g{j V§ig; © ‘%vé: p?ﬁ i ??ﬁperﬁf L#‘g S ffec ena Sragfal | '
| ength or for tempenetnre hepésagives by fecting a | onger |length. The reflected

ul trasoni c waves may al so bg_ tagf'ta.ﬂ sg@xbyppenl ng smal| tenporal w ndows and
nmeasuring the refl ect ed waves from say each successive 6" of each grati ng{J

or by sliding such a ﬂ(fgw-d-gm_t_h-e_g-pa-t_l-n-g to obtain a terrperature
profile. -5- _ 2L. :

Thus Ta is tesponsxve both to an increase in the hot
spot temperature relative to that of the surroundings ‘and to an
increase in the length affected by the increased temperature and

- the fire state will be indicated fbr_a'very high temperature
affecting a small length or for a lqwer temperature affecting a
longer length.: _ | _

The reflected ultrasonic waves may also be analysed by

" opening small temporal windows and measuring the reflected waves
from say each successive 6" of each grating, or by sliding such a
window down the grating, to obtain a temperature profile.
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ELAI MS: 1. A distributed tenperature sensor conprising an elongate
ul trasoni ¢ wavegui de, sai d wavegui de havi ng at | east™One zone fornme
grating to reflect the ultrasonic waves at a frequenc

grating dinmensions and tenperature, neans for supplyi ﬂmm{lmm HEEI“F

ul trasoni c frequefgipg.to the wavegui de and neans for LNgM and
anatzflng t he fraquﬂnaaes reflected by the grating to provide a neasure of
t hesenperature of the zone. 2. . A tenperature sensor as clained in
cl alklm 1 in which the or eacd!lmmmaut'en ftemperdture sensoyulcamprjisang rap eddrngake -
mar k/ space rati o of 0 claim
2 in which each o tgg ?P i wa gu%g%e';éaégg%grreg& ere‘ei{h% ?Stai?ﬁé*?aé%zg?ﬁ engt h.
4. A tenpefmdeasensmlag o gefiterti th:I“éthPnFlﬁ wdveehata & engt h of
the waveguiide isgflnakd, aaté’mﬁﬁah%y tRE dtagind diMéddlofs it tampaatyre,

varyi ng spaci ng betmeen the reflector el enents era ur

sensor as cl ai med"e3RsaFgr §rPRivingga Widg vAngp %“iﬁracﬁ?élﬁrfrggﬂ?f{%eét W@%Fs
formed by provi dlmergaméﬂaﬁdaieamtﬁdz\/absecfﬂxﬁ@gaﬂdhmdmgn@ the filwuenyizgui de.

6. A tenmpe ur nsQr as | aim>b ui de
is of circular Gesaésl E%‘fi?’gng%gr?ﬁ%’gns?cq{ggl @ ¥ #58 #tﬁﬁcﬁmﬁe\ﬁ%ﬁats
at intervals alongfume zanecgui de surface. 7. A tenperature sensor
claimed in any of the preceding clains in mhich t he neans for supplying
ultrasonic energy to the wavegui de conprises an el ectrical pul se generator
coupled to a magn@{ o- st ri & Eempexptyke,Sensqy. as claimed in claim 1 in which the

U or each zone is formed as a regular grating with a mark/space

ratio of one.

3. A temperature sensor aé claimed in claim 2 in which
each of a number of zones has a different grating repeat length.

4; A temperature sensor as claimed in claim 1 in which a
length of the waveguiide is formed as a reflecting grating with a
continuously varying spacing between the reflector elements.

5. A temperature sensor as claimed in any of claims 1 to 4
in which the or each grating is formed by providing notches at
intervals albng the length of the waveguide.

6. A temperature sensor as claimed in claim 5 in which the
waveguide is of circular cross-section and the notches are formed
by machining flats at intervals along the waveguide surface.

7. A temperature sensor as claimed in any of the preceding
claims in which the means for supplying ultrasonic energy to the
waveguide comprises an electrical pulse generator coupled to a
magneto-strictive element. !




