T .
9219857 - 1- TEIVPERATURE SENSCRS This invention relates to tenperature
sensors, and is nore particularly but not excl usuﬁzm d wth
tenperature sensors suitable for use in aircraft f yon systens.
One wel | known type of tenperature sensor -for use in.aircraft fire
detection systens conprises a cable cont;l'nl ng two conductors separated by
an insulating material whose properties e tenperature dependent. The
cable is strung out around the area to be nonitored for fires, and. if a
fire occurs in this area, the fire subjects the cable to Iocal heati ng and
so changes the inpedance between the WI res. Det ection of this inpedance
change thus indicates the presenfEMBERATIIR , this type of sensor
suffers fromthe drawback that it is dlfflcult to obtain quantitative
i nformati on fromthe inpedance change that woul d enable the | ocation of the
fire, along the length of the cable, to be readily determ ned. In an
aircraft environnent, therefore, where fire extinguishers are typically
provided in the area nmopnitored by tge cabl e, _al] the extjnguishers would
have to be activated, WRd® prPYSN &tq’?/atxl’%r"rao*feﬁnl§°onfeegpetlﬁéﬁﬂﬁﬁl d
\rllﬁyehbeen suf§¢:@s@ﬁ§I tanwtwumtbe;famﬂlaﬂpabgu nonmee:m%\ismﬁyﬁrs

ich were activate nneges we se_da ch _cou ave
been avor ded SOPGHENSHcNA thod eRPRFARNES BHRFGhEnPULFABLR Loro iR 11
noni tored. - aircraft fire detection systems.

One well known type of temperature sensor for

U use in aircraft fire detection systems comprises a

cable containing two conductors separated by an
insulating material whose properties are temperature
dependent. The cable is strung out around the area
to be monitored for fires, and if a fire occurs in
this area, the fire subjects the cable to local.
heating and so changes the impedance between the
wires. Detection of this impedance change thus
indicates the presence of a fire. |
. However, this type of sensor suffers from the
drawback that it is difficult to obtain quantitative
information from the impedance change that would
enable the location of the fire, along the length of
W, the cable, to be readily determined. 1In an aircraft
environment, therefore, where fire extinguishers are
typically provided in the area monitored by the cable,
all the extinguishers would have to be activated, when
perhaps activation of only one of them would have been
sufficient to put out the fire. Clearly, the
extinguishers which were activated unnecessarily may
well cause damage which could have been avoided to
equipment, eg electrical equipment, in the area being
monitored. ’



-2- It is therefore an object of the present |nvent|on to provide
tenperature sensors, and fire detection 'systens using them in which the
aboverent i oned dr awback of the known sensors and systens is alleviated._ :
According to the present invention, there is provided a tenperature sensej
conprising an el ongate ultrasonic maveQU|de and at | east one tenperature.
responsive neans which 1is p03|t|oned at a predeterm ned point along the

| engt h of the waveguide and which is responsive to a given tenperature
change to change the acoustic inpedance of the waveguide at that point from
a first level to a second level, one of said |levels (preferably the

second) causing at '9%5'[193“&1‘\1 fefgfrleecahorbpjeéh_e i T RO Bk gES at t"he_

pOI nt. In one errbodl nment of €, | nventi on, he terrper ature respon3| Ve neans
conpri ses alP¥RMFAQRnd-DoPFOVRARr tﬁ“‘(‘?’éa‘éuﬁ%t &SNECTRwi Af%a T¥eing
poi nt | overqielta dbato f & e tamay | er;Dﬁgt hehreamal njar @hidh wenegui de and

falling wt h n.ther ce sal hven erature chan havi ng
an acoustic *’We%l'ﬁﬁﬁ' q‘m?‘r&béﬁ db?ﬁﬁ &/&'\7«@3 I 3;?%%“& s%b%ed in a
"notch in theyszaemguuéeallemymedal ly, sai d rrat erial is a |ow nelting-point
metal all oy. In thiyg Qﬂeh&?e‘s’e\ﬁ‘i‘:”tir‘?@entfgnse%ﬁ%r Pl §5 er abl y

i ncl udes neans for retalnln the | ol nt terfal In the notch,
for exanpl eprovideg. @r&?@@ﬁrﬁé@%aﬁﬁnﬁrcmw oéﬁdlﬁﬂgon%t%/avegw de.

ultrasonic waveguide, and at least one temperature
responsive means whichiis'§05itioned at a
. predetermined polnt along the length of the wavegulde </
~and which is respons1ve to a given temperature change

to change the acoustic. impedance of the wavegulde at

that point from a first level to a second level, one

of said levels (preferably the 'seco'nd) 'caﬁsing at

least partial reflection of the ultrasonic pulses at

the point. : ;
In one embodlment of the inventlon, the
temperature responsive means comprises a low
melting~point material  (ie a material having a melting
point lower than that of the material of the remainder
of the waveguide and falling within the range embraced
by said given temperature change), having an acoustic _
- impedance similar to that of the waveguide and. o/
_disposed in a notch in the waveguide: - typically,
said material is a low melting-point _metal alloy.  In
this embodiment of the invention, the sensor
preferably -includes means for retaining the 1low
melting point material in the notch, for example a



-~

2 and covering the notch containing the |ow nelting point material. In the
case of a protective sheath, the sheath nay be produced by swagi ng or
extyuding a tube around the waveguide, while in the case of a protective
coakting, the coating may be. produced by plating. In a second enbodi nent of
tfe invention, the tenperature responsisve. means conprises a device for

appl ying a nechani.cal stress which varies with tenperature to the

wavegui de. ~In this second enbodi mrent of the invention, the
device may conveniently conprise a clanp enbracing the wavegui de, the

cl anp being arranged such that its clanping force increases with

t enper at ur eprotdbtiveheheatp gmycsating ssuarbundtingetihy wavegygidet o trap

ower coel 1TRReTORFEERS b, AaRer neRERLH Ry e, 1R, HTEEhg /! 10 @

| ower coeff | expansion cond. ", Sensor
pref erabl y poipti matexialyr al i T dthe Lase cafepaPiodacisipishssheatbans

spaced apar{ngl an@alhe thf%@_ Prddifcd@VBguiiRgiite o8V KtriaiAfOai NCl udes
a tenperature sensing system i ncorporatlng a,ienp,er aH;re Sensor n-

accor dance WRPR adyolnd nEhe craUPIRiges cHRAlE o | FIENFIFL Rurt her
conpri si ng peatediivéawsatiggyl t theomoatitigsenayf de eprodueddngyt udi nal
pul ses, into,ope _end of the wavegui de, and neans for detecting -4-
reflected u?%?géﬂﬁi'c pul ses due to said acoustic inpedance change.

Advant ageousl y, the Fensorsetendi resthafbdgnendarst f thendaverntiign hethene

interval befyRgRrature responsive ‘means comprises a device for
o applying a mechanical stress which varies with
N temperature to the waveguide. " In this second
embodiment of the invention, the device may
conveniently. comprise a clamp embracing the waveguide,
the clamp being arranged such that its clamping force
increases with temperature. Thus the clamp mnay
comprise a first member arranged to trap a second
member between itself and the waveguide, the first
member having a lower coefficient of thermal expansion
than the second. : ' '

| The sensor preferably -comprises a plurality

~of said temperature responsive means spaced apart

along the length of the -waveguide.

U The invention also includes a temperature
sensing system incorporating a temperature sensor in
accordance with any of the preceding statements of
',E'anention, and further comprising means for launching
'ultraso.nic pulses, for example longitudinal pulses,
into one end of the waveguide, and means for detecting



q

each said reflected pul se and the |aunched pul se mhlch gave rise to it. The

i nvention will now be described, by way of exanple only, with reference to
t he acconpanyi ng draw ngs, of whi ch: Figure 1 is a nmuch sinplified PR
schematic drawing of a first enbodinent of a fire detection sensor and %
systemin accordance with the invention; 4Flgure 2 is a nore detailed view
of part of the sensor of Figure 1; and Fi'gures 3 and 4 show alternative
forms of part of the sensor of Figure 1; The fire detection sensor of
Figure 1 is indicated generally at 10, and conprises an el ongate uItrasOnic

wavegui de 12 in the formof a cylindrical rod or wire 14 of nickel, a’
ni cke: 3as;ad ﬂjle!tﬁ)éét'éa 3@1":%@%—1& RpliiMds 0qud CHBO\Eaf'La Tanhstqrc
anneal ed stain

ess steel wave UI de. 12 is :L% % | y bet ween and 10 -
metres |ong, HmRefange &é’d"?%o a Afyratageys & yBPBEPFy TR about
5to 10 cml Omblmew meaher @d‘mfﬂﬁsxhehmgretnppaimat .mﬁerpiadd Yetwesn end 16

of the wavegui 12 1 Itr t n I Wel 118,
typically corﬁﬂclsg ﬁ31§ ré‘ s[g ¥I V%S%eéﬁ %ﬁ%ﬁeﬁ g’ 1hes "}&?{C&
| ongi t udi nal gﬁveaa:sbsectopmtses (also referred -  -5- to as conpr essi onal

or expansi onal pul ses)phat o AP PN IWETE Yfow beTQﬁaéé@méattS&/r iver
18 is also coupled to atimng circuit 20, which. s ranged 10 megs%re the
ny

time interval® eﬁmplﬁcWWseWF-&Hnm¥?ﬁﬁet I’i"é’ %glﬁ‘iﬁ’n}&a
reflected pul@&fswings, of which:

Figure 1 is a much s1mp11fied schemat:.c
drawing' of a first embodlmgnt- "of ‘a- fire detection u
sensor and system in accordance with the invention;

Figure 2 is a more detailed view of part of
the sensor of Figure. 1; and " '

' Flgures 3 and 4 show alternatlve forms of
part of the sensor of Figure 1;

The fire detection sensor ‘of Figure 1 is
_1nd1cated generally at 10, and comprises an elongate
ultrasonic waveguide 12 in the form of a cyliﬁd’r‘ical
rod or wire 14 of nickel, or a. nickel-based alloy such
~as INCONEL (R.T.M.) or NICHROME (R.T.M.), or anneal&dd
stainless steel. = The Waveguid_e 12 is typically
between 3 and 10 metres long, ah_d' is divided into ‘a
plurality of zones, typically. éach- 'about 5 to 10 cm
long, as will hereinafter become apparent.

. Coupled to one end 16 of the wavegulde 12 1s
an ultrasonic pulse transmitter and recelver 18
typically comprising a a magnetostrictive dev:l.ce_ whlch
launches 1ongitudinal ultrasonic pulses (also referred



*resultlng fromthat pulse. Part of the maveQU|de 12 S shomn I n nore detai
in Figure 2, where it can be seen that the wire or rod 14 is divided into

t he aforenentloned zones by equal ly | ongitudinally-spaced notches 22, which
are{jlled with a | ow nelting- point metal alloy 24 having an acoustic

i npedance sinmlar to that of the wire or god 14; a suitable exanple of
such an alloy is the brazing.alloy available under the trade mark
"EASYFLOW, consisting of about 50%silver alloyed With copper and zinc.

To retain the alloy 24 in the notches even when it has nelted, a protective
sl eeve or tube 26 of stainless steel is swaged over the rod or wire 14,

covering the gt chses @aﬂpi-agsabhay a9i-t expansienal aimleseshe nitt@yth«é has

been placed in_the natch e outsi e 4

plated with a¥&d] ﬁﬁé’ﬁ%ﬂ it§1<‘5ird met &7 | ﬁ%%fte%el?%q \é\%éorrji]es, %ﬁ@

pl ating ext endonpledertoha #iming i tivdudbt &has, WhldlreSalarltamgesﬂl &P in
the notches. .o e efSC eyl h:réro 54 fepdfwbent )é%'c‘fxalﬂdl rﬂaﬂn@h% nd an

area which is"to bé nonitforé Ire, for exanple around the outside of
an aircraft ginterdime ohaveguiwien A2t RNEnARY HoaSLARFEPINRELFES t he

wavegui de bei pgstiftfing Sttdw €hLXipheséo permt this. Care nust be taken
wi th nmounting the wavegui de 12 tggensure t hat thﬁrmuntlﬁg fixtures used do

not introduce - unwant edd%ti 8% okbe | HaveIWds <17 ¢ 15 pBREKRe ¥ PRES
wavegui de. Tode@iilorid oridrare, 2y whezreniit mamsd®e ageen that the wire

or rod 14 is divided into the aforementioned zones by
_equally- 1ongitudina11y-spaced.notches 22, which are
filled with a low melting-point metal ‘alloy 24 having

e

- an acoustic impedance similar to that of the wire or

rod 14:; a suitable example of such an alloy -‘is the

brazing alloy available under the trade mark

"EASYFLOW", consisting of about 50% silver alloyed

with copper and zinc. To retain the alloy 24 in the

notches even when it has melted, a protective sleeve

or tube 26 of stainless steel is swaged over the rod

or wire 14, covering the notches and the alloy.

Alternatively, after the alloy 24 has been placed in

the notches 22, the outside of the rod or wire 14 can

be plated with a compatible hard material such as

U nickel or chrome, this plating extending over the

alloy~-filled notches, to retain the alloy in the
‘notches. e A



periodically launched into the end 16 of the ma@egdide 12 by the
~transmitter/receiver 18, typically at a frequency of 100 Hz: the
propagati on speed of the pulses in the waveguide is typically about 5000 _

£

”

m sec. In the absence of a fire, the alloy filled notches 22 are \.ﬁ

substantial ly indistinguishable, from ﬁn._acoust I ¢ i npedance standpoint,
fromthe remainder of the rod or wire 14, so each pul se | aunched by the
transmitter/receiver 18 travels to the other end 32 of the wavegui de 12,

and is then reflectedrhagket 0 @a%ngﬁygg{lgaebhi hfst{:gg§tg'h%§_gr /srﬁ‘ifﬂﬂ’er 18.

The time interval between tHe | each pu] se a rrival -~ and
detection cirewad canr axeshdnicndsr &0 ke awonivered sTaEafidred HPX he
timng circutanfle! BRoBRE- tHd cOuLside| 8¢S AP diref@ft | hablttdsirfdich not
only by this tifre interval, -(sjipce the,l -engéh and acousti C - ﬁ?ger“t i.es of the
wavegui de lf‘h‘ﬂgekno\%tgﬂ-éﬂe?@ﬁmﬂ@ﬁlﬁ‘ﬁ uBSPS IR QFSCPT)?-& Prudhf the
fact that theaveguideh bedgry shefificticswediyat £lerfibde edopupeemit The

irri vl and SR oteRe BT o OLIEER, BebRhARE. Bhal UaRIIER L L

fire along the teveemsure 1Thathithet mounting| fixturesctsiash 86 ot .
end-ref| eCt%FnE‘iléadff@' Qfﬁﬁ%nt{@& & ri%?&h%o in Oeﬁ.@.atéﬁ%usticb .
iTy. /- In t : ei ng

sati sfact.or e event ,that a fire starts in the area
noni tored bylpedaree @£ the ;¥ayeguddeed at. 30 in Figure 1, the fire will-

melt the alloy 24 in a6 hnsitepe Port HE¥O] cdtradonte ihe1o88 iyl cat ed
at periodically launched into t__h_e__"_end 16 of the waveguide

12 by the trahsmitter/rgcéifv_efr. 18, typically at a NS

frequency of 100 Hz:  the propagation speed of the
pul-s_e_é in ‘the waveguide is typically 'aboui;- 5000
m/sec.  In the absence of a fire, the alloy filled
nétches_ 22 are 's'ubst,'a'ntia_ll_y_ indistinguishable, from
‘an_ acoustic impedance " standpoint, from the remainder
of the :r_:oci or wire 14, so each pulse launched by the
_transmitter/r_eceiver '1_8 travels tp-th__e_' other end 32 of
the wave_gui_de_' 12, and is then _refl__ected back to and
'd_etected_ by the _t_ransmitte.r/feceiver 18. . The tine
interval between the launch of each pulse and the
arrival and detection of the corresponding

end-reflected pulse is measured by the timing circuit u '

20, the end-reflected pulses being identifiable as
such not only by this time interval (since the length
and acoustic. pi:'operties of the waveguide 12 have known
pré_determined__ valués) , but also by virtue of the fact
that they are much lafger than intermediate reflected
pulses. The failure to detect any significén’c
intermediate reflected pulses before the a_zrrival and.
detection of the end-reflected pulse indicates the
absence of fire along the waveguide 12, while tl}xe
arrival and detection of the end-reflected pulse
indicates that the sensor 10 is operati:{g
satisfactorily. -



22a. Thi s produces a S|gn|f|cant change |n the acoustic inpedance of the
wavegui de 12 at the notch 22a, which’ now’'causes’a partial but significant
refl ection of each pul se | aunched into the wavegui de by the

transmitter/receiver 18. Each notch-reflected pulse arrives at and is
detected by the transnmitter/receiver 18 prior to the predetern ned arrival

time of the corresponding end-reflected fulse, which indicates to the
transmtter/receiver that theé“detected pulse is i ndéed a notch-reflected
pul se rather than an end-reflected pul se. - Further, the time interval
bet ween the | aunch of each pul se by the transnitter/receiver 18 and the

arrival and detection gf i CQ{réﬁﬁpQﬂthnga net ¢l rﬁdﬁ?&i eﬂnplﬂrfé? adPea
measured by the timing circujt_ 20. |st|n5|nterv &a%u
di sti ngui shesPRéhghMANRitaxned) BY| &be 19eRFRMd10af 2%t LRA}GRLE 3% so
[I_Edl gat est Wﬂeiﬁf d‘iljt\ﬁ:hé he, : eElgét gﬂfrld hﬁlmv?@lwetﬁé m?dy re4i s oaatsed

e detection,of potch-re e Ses s r ver can
be used to tr}ﬁaﬁ £19 r8ta ‘E%c}?%% g%;ﬁrg%l atre ghtee grl(c%jﬁée\a(seé% séveral
fire extingui snar.s in Thasarpaoldelcrﬂﬁ mani sdgod £ icantki hange time thee is
the © -or notrodeRie, FRfRRaAkE JR0 (s SRARIIS TS, e el hbBCRT S
restoring thez?«éwsoﬁllmbo li‘PS’ oFRYSRH & partimd sB“Eap%bg’Eltﬁl%‘PEctl ng

a further fireeribelidnONssrocaidh Pphisée launthed aintd ahel hwavegutgai de
whi ch can be gseq__hl rl'aar(x:semfttép recveggll:'dﬁs%z of a@lguﬁgéch reflected

: pulse arrives at and is detected by the |

N transmitter/receiver 16 prior to the predetermined
arrival time of the corresponding end-reflected pulse,
which indicates to the transmitter/receiver that <the
detected pulse is indeed a notch-reflected pulse
rather than an end-~-reflected pulse. Further, the
time interval between the launch of each pulse by the
transmitter/receiver 18 and the arrival and detection
of the corresponding notch-reflected pulse is measured
by the timing circuit 20. . This time interval not
only distinguishes notch-reflected pulses fron
end-reflected pulses, but also indicates where along
the length of the waveguide 12 the fire is loéated.

\/ The detection of notch-reflected pulses by
the transmitter/receiver 18 can be used to trigger a
fire alarm and the appropriate one or ones of ée‘veral
fire extinguishers in the area being monitored.
Assuming that the fire is then extinguished by the

operation of the extinguisher or extinguishers, the



and 2. The waveguide 50 is just a plain cylindrical rod or wire made from -
any of the materials specified for tthe rod or wwire 14 of the waveguide 12

(ie it has no notches filled with low nmelting-point netal alloy), and |s..
provi ded with devices 52 which are spaced along its.length at 5 to 10 cm{g

I nterval s and whi ch  are designed to apply a tenperat ur e- dependent

stress to it. Thus each device 52 tofprises a C-clanp 54 of a netal
having a | ow coefficient of thermal expansion, such as INVAR (RT.M),
whose | ower extremty 56 supports the wavegui de 50. The wavegui de

50 is cl amped agai nst t he | ower extrern'ty 56 of the C-clanp 54 by nmeans of
a rod or bar |nIe st ee hag.a SI flcantl her

coef fici ent™ %ng p% si'h {"hﬁ 2\2 ﬁg}ﬁéﬁ&

t enper at ur etsb,uwam-lesdrbmm Cehéamensor | 30artr<angbd rmrxgwab Isitaite,y cl anp-
the wavegui 5 0 S t £C S | edance.
The \/vavegui'-%gi 5% t%&ggge%avtoeé(qﬁ%ke r{egc \;\a%v%e%ﬁlég 1515% t g‘ggi%lo%nr%

t enper at ur e¥ecur. However, if one or nore of the devices 52 is subjected to

fire, the rod or barFﬁéufép@n%dag eathap tditothedt wavé&ulaadwmjau es a
substantial |ocalised Stress to t -9- Wave%?Z e 50, _, This |l ocalised

stress beh&KA Pe 4sgdhrid %ﬂﬁ‘l‘%gﬁgstpﬁ Yaysauias, 13 ¢fcF WIYEGSi de 12, ie
it partial land epl ect sThe twasegutdpuboedst r)ausil |a-nglainngyliadwdeadui de, for

et oot on, il B AR bl i DR leeR Lot e
54 - for the rod or wire 14 of the wavegulde 12 (1e 1t has _
no notches filled with low meltlng-pm.nt ‘metal alloy), - \_) :
and is provided with dev:l.ces 52 ‘'which are spaced along_
its length at 5 to 10 cm intervals and =~ which  are
designed - to . apply a temperature-dependent stress
to it. Thus each device 52 comprises a C-clamp 54 of
"a metal having a low coefficient of thermal 'éXpanSion,
such as INVAR (R.T.M.), whose lower extremity 56
supports the waveguide 50. " The waveguid_é 50 is
clamped against the lower: extremity 56 of ‘the C-clamp
54 by means of a rod or bar. 58 of .sta"i'n'l'es's'" steel,
- which has a s:.gn:.flcantly hlgher ‘coefficient of
thermal expansion than the C-clamp 54. '
At normal temperatures, each: of the 'c?clamps .
54 is arranged merely to lightly clamp the waveguide N\
.50, so as not to significantly affect its. a_.déustic '
impedance. The waveguide 50 . thus behaves like  the
_waveguide 12 at these normal temperatures. Howévet,
if one or more of the devices 52 is 'éﬁb’jec’ted to fire,
the rod or bar 58 expands more than the C-clamp 54,
- and applies a substantial localised stress to the



. and the rod or bar 58 to return to.their nornal relative proportions, thus
elimnating the localised stress in'the waveguide 50 and restoring it to
its_ initial operating state. Figure 4 illustrates, at 60, a variation of
thé;gevice 52 of Figure 3, in which the Cclanp 54 is replaced by a

conpl ete oval or |oop 62 which encircles the waveguide 50 and traps the rod
or bar 58 thereagainst. The device B0%oTherw se operates in the sane
manner as the device 52: i'm particular, extinguishi'ng the fire enables

t he waveguide 50 to return to its initial operating state. Sone or all of
the devices 52 and 60 are used for supporting the waveguide 50 along its

route through_the akrea to.be nopit.ore .flRe. - wWEications . can be
made to the d&CTIHAHES e%%bdi nemn‘é%off?%gi?‘%égelntsl%ys nth_Bk’%% ]{’ﬁ .a :
parti cul ar, maneat |analegousetbl p actomi2? cofafthe vaveguidguil@es 1 and
50 can each cQnl o] ) o/ SEEL Y Y £ frefN

ul trasonic 'mg'&egglg%ﬁ:ﬁ%gct%gr'ﬁd %?hgsenﬁ?%g!a{js{ascri bgjuﬁq%%ufﬁml%l -

co- pendi ng Uik eaxi fdremwavagudsheicafPdh ftecdd on t Adnitl M egui de

Connector”, fid£ighbientanBQust Heh et LhERitdat/ it ivieart | 08 Nond 8&1e246
(Serial No. 2222354)., Addjt |_onal%g/ uitable materials other than those
speci fi cal | y Sy SIFraits2y TFPRRELYRY navegui des 12 and 50, and

shapes other than cylExtingaishimg thet £igel snakdes dther Ctaampi (Hdon
shapes, can %lnsé) Q%eusggdf Obyt W?éf V@é’e@éi dfét-urn FEb their normal
relative proportions, thus eliminating the ld’calised
stress in the waveguide S50 and restoring it to its
initial operating state. ' '
Figui‘e 4 jllustrates, at 60, a variation of
the device 52 of Figure 3, in which the C-clamp 54 is
replaced by a complete oval or loop 62 which encircles
the waveguide 50 and traps the rod or bar 58
thereagainst. The device 60 otherwise operates in
the same manner as the device 52: in part‘iéular,
.extinguishing the fire enables the waveguide 50 to
return to its initial operating state.
Some or all of the devices 52 and 60 are used
for supporting the waveguide 50 along its route
~through the area to be monitored for fire. |
W, _ Many modifications can be made to the
~described embodiments of the invention. = 1In
- particular, to facilitate assembly and maintenance,
the waveguides 12 and 50 can each be connected to the
transmitter/receiver 18 by means of an ultrasonic
waveguide connector of the kind described in our



exanpl e, although the invention has been described in the context of an
aircraft fire detection sensor, it can be used nore generally as a
distributed tenperature threshold detector. Typi cal applications coul ¢=
i ncl ude an overheating detector, for use e.g. in an aircraft context, tox.
detect tenperatures in excess of say [err] (as opposed to the fire '
det ection context, where tenperature Trl@xTess of say [err] are normally
bei ng detected), or a refrigeration detector, for detecting when the
tenperature at any of a nunber of distributed points in a cold storage.
facility exceeds [err]. These | ower tenperature applications open the

possibility of wusi | 8ss.,. optical f]br _pl | f.Qr.t he oni c
wavegui de, a‘ﬁ‘aTB?nggf‘gug%ﬁlﬁﬁ‘gsh‘ggdg _atp%%%n% %@i’ggg“‘fﬂgf’ ts.%l/agei%ﬂi%iiat al -
coatings) foYUlbeasehit Wavegmides @onhectorh) e filedetsimuktanecusty cores.
descri bed heggi-gbafg{ e-uqdef‘”ﬁ ric\?\ﬁﬁibﬂ' enapbPlggaaid Y i(Sekiadl Sl buted -
t enper at ure sensi ng al ong prpes I ch have to be uniformy heated al ong-
their |ength22233pfdvent a fluid which is only liquid at the tenperature to
which the pipe is heahgdiftena®hidi fyhigable adtdrieras obenerockhay, the

DL Pe o LERBGALISE AR LEplyone (LD ol B oRved doydl (0 10°
connect ed bywalxtégm_ew\/av.@ujadﬁdp@]Oectmnd'-oShmpe!s?-n'¢thsmi bachn n our
o oneTent | OneuSSAEIGARY W ShLERBATAI R toR G2 e Sk, o0
can be used, shapesxamsire abee| bealuged séor Ihesehpyegeides. - For
~ example, although the invention has been described in OV
the context of an aircraft fire detection sénsor, it '
can be used more generally 'as_- a distributed
temperature threshold detector.  Typical applications
could include an overheating detector, for use e.g. in
an aircraft context, to detect témperatures in excess
of say 200°C (as opposed to the fi:é detection
context, where temperature in excess of say 350°C are
normaliy being detected), or a refrigeration detector,
for detecting when the temperature at any of a number
of distributed points in a cold storage facility
exceeds =-20°. These lower temperature applications
open the possibility of using glass, optiéél fibre or ,
plastics for the ultrasonic wavegﬁide, "and/or extruded o
plastics coatings (instead of swaged metal coatings)
for the metal waveguides with fusible or metal inserts
or cores described hereinbefore. = Another possible

application is in distributed te'mperature 'sensing



~can I n some cases be produced by a pi ezoel ectric device rather than a
magnet ostrictive device. Finally, informtion ¢oncerning the nean
tenperature throughout the area being nonitored can be derived from
varikations in the arrival tine of the end-reflected pul ses, since the speed
of propagation of the pulses in the variqQus waveguides is a function of the
tenperature of the materi al of.the'maVédJidé, and therefore of the nean
tenperature of the surroundihgs of the waveguide; or:alternatively, in the
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poi nt al ong ifedenGthep! ; b%ql\eﬁ\tqgsﬁéie ﬁéﬂgﬁhgc%ﬂ Stﬁéesaaeégusdreo &fgl ven

tenperature change to_change the acoustic i hpedan Xg é‘l

that point f*n & 18P I‘E%EFeFo GaBeRRd G E?mpiﬁé"ed’f' 351";3éi Q ®ausi ng

aAt | east parkisbegefid®ét idanofpel tuiscliemﬁxlapuémﬁamnswmnnhdﬁmwmt 2.
tenperature sensor as clained.in claim erei rat une

responsi ve né‘&rgfsr G s'égvﬁg}lg&/emﬁqq’}fgc%%?%t Sfatdiq h'(fenﬁ§v FhB8ustic

i mpedance si niil asut oafbnemehtnbaedawg-tpemimgi WEMenlngdamn@aﬁenm t he

wavegui de. application.

Further, for some shapes of waveguide,
.ultrasonlc pulses other than longitudinal pulses can
be used, for example tor51ona1 pulses, and the pulses
~can in some cases be produced by a piezoelectric
device rather than a magnetostrictive device.

Finally, information concerning the mean
temperature throughout the area being monitored can be
derived from variations in the arrival time of the
end-reflected pulses, since the speed of propagation
of the pulses in the various.waveguides is a function
of the temperature of the material of the waveguide,
and therefore of the mean temperature of the
surroundings of the waveguide; or alternatively, in
L/ the notched waveguide embodiment, some of the notches
can be left unfilled, in which case the respective

U

‘mean temperatures of the areas between adjacent
unfilled notches can be derived from the time
intervals between the reflections from these notches.



3. At
mel ting-poin
clained in c
| ow nel ting-

enperature sensor as clained in clai m 2 V\,herel
t material is a netal alloy. 4. rI ‘a b£
laim2 or claim3, further including rreans

point material in the notch. 5. - A terrperature senso

r

clainmed in claim4, wherein the retaini rﬁ neans conprises a protectlve

sheat h produ

conprises a
A tenperatur

responsi ve neans conprises a device for applying a mechani cal
varies with gegnperatung tentﬂ&dwmumso& compri8ihgnngi alellohgediREOr as.

clained in c
13 - wavegui

i ncreases W ke s poparsd vie. nBeans wAJIetlperi.zs urpeosantsaromedcl altrred in
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claim8, whe
second nenbe
| oner coeffi
t enperature
plurality of
| ength of th

ced by swagi ng or extrudlng tube around the wavegui de.

6.
A tenperature sensor as clained in claim4, wherein the retaining neans

protective coating applied tg wavegui de by plating. 7.

e sensor .as claimed in clai'm 1, wherein the tenperature
| aim 7 V\/aerelnthe Vi ce rrprlssacla rrbraC| th
bl EhskoBLEWERER LS an AN o Bt LRAEY, (@0 ZABR

endntwhiich hésnalespansisieorte han given ctemperature chamge
oM tﬁ?fpc liddTedebiis £¥ Bnpfitinite Co2l Bne Wééhi‘&ea at

‘sai erature resEonswe nmeans spaced alEart along the
gh@gve@%;% from a first level to a seco a level, one

stress which

e

of said levels caus:mg "at least part1a1 reflectlon of

ultrasonic pulses arrl_vi_ng at the point.

2. A temperature sensor as claimed in. claim 1,
wherein the tempereture responsive means comprises a
low melting-point material -_havi-ng _én acoustic
impedance similar to that of ‘the waveg\iide and
disposed in a notch in the waveg‘uide.'_

3. A temperature sensor as clalmed in claim 2,
wherein said low melt:mg—point material is a metal
alloy. . _ : .

4. A temperature sensor as claimed in claim 2 or

claim 3, further including means for retaining the low
meltingépoipt' material in the notch.

5. A temperature sensor as. claimed in claim 4,
wherein the retaining means comprises a protective
sheath produced by swaging or extrudlng a tube around
the waveguide. _ _

6. A temperature sensor as cla:med in clalm 4,
wherein the retaining means comprises a prote_ctlve
coating applied to the waveguide by plating. |

7. A temperature sensor as claimed in claim 1,
wherein the temperature responsive means comprises a
device for applying a mechanical stress which varies
with temperature to the waveguide.

8. A temperature sensor as claimed in claim 7,
wherein the device 'comprises a clamp embracing the



110 A tenperature sens| ng system conpri s| Ng a tenperarure Sensor in
accordance with any preceding claim* means for ni c pul ses
into one end of the waveguide, and neans for “mm"m mj“mﬂﬁj@ ultrasonic
pufsgs due to said acoustic |rrpedance change. ture
sensing systemas clained in-claim1l,. fgr t.her corrprl sing neans for

measuring the tine interval between each said reflected pulse and the
l'launched pul ﬁavﬂu&ﬁdeavethesaﬂmpt bding arr#ngedjesathr ¢hednsibg system

as claimed in.claiml claiim 12 wher soni ¢ pul se | aunch| ng
means is arrSHGERiNG SN "ﬁla& t}%g%#%{'%ul ses. 14.
t emper at ure 9ensing sysstEemperatarm(benscmyasmﬂ(ﬂlmﬂdal A cilaim 18,

wherein sai dyfllbed O%Pe : Pl Sifip| BURERS UMK IS kit APERRSES( EHCET Ve

devi ce. sen Ing system substantially as™ herein
descri bed Wi tﬁapefaer%?fé@n@ omeRBeFrePetvaen E-ttﬁe]tﬁwea%c%a‘r‘i?vﬁg‘lﬂ?ﬁw ngs.
16. A t gRRerBipLte :ﬁ%éfl ﬁ&vii&@t aMowest e Bt 1yiant hef ethegralr i bed

with reference to Figures , as . nodified by Figure 3 or Figure 4, of
t he accorrpan?ixﬁ@"&ﬂé‘\% n i decora. |

ilo. A _temperature sensor as claimed in any
preceding claim, comprising a plurality of said
temperature responsive means spaced apart along the
length of the waveguide.

11. A temperature sensing system comprising a .

(N | temperature sensor in accordance with any preceding

" claim, means for launching ultrasonic pulses into one
end of the waveguide, and means for detecting
reflected ultrasonic pulses due to said acoustic
impedance change.

12. A temperature sensing system as claimed in
claim 11, further comprising means for measuring the
time interval between each said reflected pulse and
the launched pulse which gave rise to it.

13. A temperature sensing system as claimed ¥n
claim 11 or claim 12, wherein said ultrasonic pulse
launching means is arranged to produce longitudinal
ultrasonic pulses. '

14. A temperature sensing system as claimed in
any one of claims 11 to 13, wherein said ultrasonic
pulse launching means includes a magnetostrlctlve
dev:Lce._ o _

15. A temperature sensing system substantially as
herein described with reference to Figures 1 and 2 of
the accompanying drawings.

" 16. A temperature measgring system substantially
as herein described with reference to Figures 1 and 2,
as modified by Figure 3 or Figure 4, of the
acconmpanying drawings.




