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CONTI NUOUS DUALI TY CONTROL OF A SHAPE MEMORY ALLOY W RE" The present

i nvention r a method and an apparatus for the 5 | qual ity
control of ‘gb%@@o&ﬁée of .a shape nmenory alloy (in the ?gﬁﬁ%&ﬂﬁg&gﬁso
defined as "SMA"). It is to be noted that 3Ithoug‘h reference is made in the
following to a wire, which is certainly the ‘nost inportant application, the
nmet hod of the invention is applicable also to other simlar shapes with one"
practically infinite i mension and the other two ones finite and generally

small, 10 for & ARATUS: ] 5
menory phenoneng : EW! cg)] part made of an alloy .
i@l ﬁ-a very short tinme and

whi ch presents Siateiii- s -

Wi t hout internediate equilibriumpositions, between two shapes, ,
predet er m ned duri n&bt he manufacturing, in response to a tenperature 15
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force; in-the so- called "two way" node, on the contrary, both transitions
can be caused bipadem theiplovang tea e yhich i perfainly thawostinportheispplieationi al s

transformtheir g \ : | St E sj_n om.a.type cal,l ed
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stabl e at hi ghepracticgilyriafinite dimanibnvardiethe etlse twbhmes Haits f20d fRhé@lly shativeen
the two sha{)(gs akes o{ ace according to a hysteresis cycle in a 25
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%!05#?6 racterized by four tenperature val ues:
during heating, stagti enRe | {ELL e t]cC
phase is stable, tﬁgrleq?sl&?g’?tﬁééd@gp%i rst B@é:é%éehro%?g %S % Mﬁfa@ﬁﬁ%e&
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o&nxgtennediate equilibriuin positions, between two
shapes, predetermined during the manufacturing, in response to a temperature
15 . change. The phenomenon may oceur in the so-called “one way” mode, where the
mechanical part can deform in a single'direction as a result of the temperature
change, for example going' from shape B to shape A, whereas the opposite
transition from A to B requires the application of a mechanical force; in the so-
‘called “two way” mode, on the con&uy, both transitions can be caused by
20  temperature changes. . '

It is known that these materials transform their microcrystalline structure
passing from a type called martensitic, stable at lower temperatures, to a type
called austenitic, stable at higher temperatures, and vice versa, The transformation
between the two shapes takes place according to a hysteresis cycle in a

25  temperature-elongation diagram, characterized by four temperature values: during
heating, stazﬁn‘g from a low temperature wherein the martensitic phase is stable,
there is reached a first temperature A at which the transformation into _the
austenitic phase begins, and then a second temperature As which identifies the end
of the transformation into the austenitic phase. During cooling, starting from the

30 range of temperature in which the austenitic phase is stable, there is reached a
third ternperature M; at which the transformation into the martensitic phase starts,



of the transformation into the austenitic phase. During cooling, starting
fromthe 30 range of tenperature in which the austenitic phase is stable,
there is reached a third tenperature Me at which the transformation into

t he mart ensybirgosploase starts, WO 2005/ 106441 PCT/ | T2005/ 0@@z4¢200s/80024%d t hen
a fourth tenperature M at which this transformati on ends. Diagrans of -
these hysteresis cycles can be found, for _exanple, in patents US 4,896, 955
and EP 0 807 276. The actual tenperatures of the above-nentioned
transformati ons depend on 5 the type of material and the manufacturing.

process, but for ch terial thes tenperatures are always in the order
M < Mp, AA< Af, %ﬁ:‘eg airi%uﬁgﬁe’:ﬂﬁerwei%\ét c. \f'f”éér U ehdsi Riperamy e rate
of the transiti gRsdByst@eds tRSed e HRTGHRS FREx 1e,m§5%%§§1§ PSR IEP Ons .

of shape nenory all O\és can be found in patent US 47of "t he
appl i cant, anon®8@Ri2ée nainly Ni-Ti ‘alloys preferably with Ni 10 54 _ 55, 5%

by weight and the r L Ol titapiumJ{(traces of other ccopponents are
al | owed). For pr act?@#‘H@%@E%ﬁﬁ%fﬁﬁeﬁﬁ%?‘ﬁ%ﬂéwﬁm idgprnd ohg
technol ogi cad chiergpé of insdterid anklithE nbhBfOG&kPTEcksYi bl P85 ingteligSitsse The

tests typi call%/ used to check the characterrstics of these wres are the

fol | owi ng four : temperatures preglways incthe order MrsaMil Av<ohs wihile if thay bedMyrphAeor a
segnent of 10 c¢ [ [ duced, | nt oven,.. suspende one end and with
a wei ght hanged%? va{sﬁea@?éresgetﬁgyé ?zﬁgo °g‘ﬁ%“31“s°ﬂg?$g‘§8w g‘&%f’cﬂhﬂﬁcst%?’t“ﬁe.

di ameter of theEwanpleand cohpogitioy af khapsiméhary dllbysan!weatbunlliis patdhe vy re

will have to stand in its real application. 3y cg]pl ically heating and
cool i ng the sanPiiB.18¢ of thesapplisanteameng whichonaialy NisTo plleyscprgferably watidNi

short eni ng cleg. o @ fal:Lure: |5 - CONsSkSts in estimating
the net resfdduaﬁése#go%%g \géa{%%klaee&dstguecﬁ [a[sﬁ Jgéﬁlémg%-(% e?ﬁfég FrCAmRPDepis &fC
tested in the saldewabnditions, but for a nunber of cycles |ower than that

causing failure (for exanple, 75% or_90% of the cycles causing failure);
For practical use, a SMA wire' must have several functional and

technological characteristics which are estimated with specific tests. The tests
typically used to check the characteristics of these wires are the following four:

15 1. fatigue strength: a sample of wire (for example, a segment of 10 cm) is

introduced into an oven, suspended by one end and with a weight hanged at

53

‘the free end; the weight is chosen according to the diameter of the wire and
is generally similar to the load which the wire will have to stand in its real
application. By cyclically heating and cooling the sample, it is subjected to a

20 series of elongation and shortening cycles, up to failure;

2. ‘residual set: consists in estimating the net residual set of a sample such as
the one of the previous test, tested in the same conditions, but for a number
of cycles Jower than that causing failure (for example 75% '-or 90% of the
cycles causing failure);

25 3.  hysteresis cycle: used to verify that the wire really ﬁerforms the elongation

and shortening transitions at the temperatures expected for that composition.
"This test too at present is carried out in the same conditions as the first one;
4.  stroke: consists in cstimatiﬁg the percent elongation. or shortening of the
sample during a transition. Also this last test is carried out in the same
30 conditions and with the same experimental set-up as the first test.
-The four tests above are thus all sampling tests, which may be carried out

1



25 3, hysteresis cycle: used to verify that the wire really perforns the

el ongation and shortening transitions at the tenperatures expected for that
conposition. This test too at present is carried out in the sane conditions
as the firstW@aeds/ued4st r oke: consists in estinmating the pePEEAT2085/4&Ht i on,
or shortening of the sanple during a transition. Also this last test is
carried out in the sane 30 conditions and with the same experinental set-up
as the first test. The four tests above are3thus all sanpling tests, which
may be carried out WD 2005/106441 PCT/1T2005/000244 -3 for exanple on a

pi ece about every kilometer of wire, but while the first two tests are
destructive, and B1RES | ' rm&lﬁfﬂ ' e
preferable to befogtg?%n %Q)(?;?ry oﬁ%duitg‘éﬁkgb%ﬁtgpgf‘ggﬁi?ﬁuous y.e%s\st\egglrtr%ﬁe"r
of fact, carryiarg dastructine antdvibus are eecesssilys caisiedaont! 6mgatmples,sit hasuld dre

drawbacks. 5 A first .dr ack.,i,s that' there could be i nhonpgeneities in the
characteristics prgfer?lﬂg?%? Wf)é’ﬁ“é{roé‘i PFS%%@(‘@%P@W“SBQXU& Waﬁ%@%f@-‘rty | ow
sanmpl i ng frequengyryind SNGhésRIwdilter témraﬁgﬁﬁFﬁﬂg {ebts hREsdTh &%&?,a&&?r ating

nodes these tests are carried out in parallel” wth the manufacturing

process, and % hus wi AHirstrdipwhack igthat iheee condid beimbomopeneitieskin tioe chasmctaintitse

fromthe manufac 1.ng: | | and raeyving sout of f-line testsg, finally, "in
i ndustrial nanuf él%l ¥ Bg%é Hﬁ?hs&%e%%? g ;’Péftgg’hbae\(/‘%u% o'fepée ggryf‘%ﬁrgsa%pﬁingotlggquﬁpé:
wher eas carryi ngales tHéwirspiipledvérewits tscu@iRECopRAtho &S thbseNBRE B aidd
break the wire into relatively short portions. The object of the present

i nvention is thef@risparaligl yithhermapuizeturingiprosessasnd tayp Fitk inereaserifdimeosns cone

the aforesaid dr - Thi | ' i . 15. t hr qugh _t he pr nt
nvent on hat . oot ket GRERE ol B b i ol sy o g
continuous ql@l i tegtsg @mallyl inoindassiabpemoomess Bl ik Metter ke Hake tWiess! ak @ong as
characteri zed by comfri sing the follow ng steps: a) supplying the wire

t hrough an appar Besstbleehessas caprying oyl thesample tesis as de mekesdt BRessasy tn

whi ch covers suc ' 20 characteristic transition
edk (R WiTe ﬁﬁo %eﬁatf\%i?)srﬂoﬁgao}nﬁ&%xg. of :

tenperatures of the nmaterra e wmre |
The object of the present invention is therefore to provide a method and an

apparatus, which overcome the aforesaid drawbacks. This object is achieved
15  through the present invention that, in a first aspect thereof is about a method for
the continuous ‘quality control of a shape memory alloy wire or the like,
characterized by comprising the following steps:
a) supplying the wire through an apparatus wherein it is subjected to a
temperature excursion which covers such a range as to comprise the
20 " characteristic transition temperatures of the material the wire is madé of;
b) measuring in-line diréctly or indirectly the length variations of the wire at'
preset points of said apparatus correspondiﬁg to different known
temperatures, .
¢) using the data of temperature and length variation to obtain by points the
25 hysteresis curve of said material in the temperature-elongation diagram. '
The main advantage of the present method and of the relevant apparatus is
thus to allow to check the characteristics of the wire no longer by sampling but
continuously, so that the quality control of the product is carried out on the whole
production. .
30 Another considerable advantage derives from the fact that this control is
carried out in-line, saving the time and money for taking the samples and cairying



b) neasuring in-line directly or indirectly the Iength variations of the
wWre at preset points of said apparatus corresponding to different known

t enper at ur es; | the data of tenperature and |length variation to
obtain by poi“r{g%m?ﬁg&g]% hysteresis curve of said material FPRTATE05/000244

t enper ature-el ongati on di agram The mai n advantage of the present nethod and
of the relevant apparatus is thus to allow,t'o check the characteristics of
the wire no | onger by sanpling but conti nuéﬁsl y, so that the quality
control of the product is carried out on the whole production. 30 Another
consi der abl e advant age_derives fromthe fact that this control is carried
out in-Iline, sav@‘ﬁ@hQ‘P@hﬁlPﬁ@tsand noney for taking the sanples and carrying

WO 2005/ 106441 PCT/ | / - f] - e off-1in S.enihes nd

ot her advant ages andﬁ?egg%é)gg%ﬁ?d‘{aﬁggﬁ%%%&%ﬁe& Og J[ gﬁlggg%?é’tﬂt}? apggrcaglmdi ng
to the present iseonlingio the blesht ifibention twill e @fdar skihbbeskiiled inhhe afttfrdol 6@ t he
follow ng detail ed description of, gne enbodi nent thereof with reference to .

the 5 attached fllawingdetajied desqripitonyof ene embhodimeatthereofi willy reforenge &7 then
appar at us whigh héEraPilesifreiff®t hod according to the present invention;
and Fie. 2 is a schematic tgop view of the apparatus of fig. 1. The present
met hod i s based on tRig. ildisaa cthemdtionfrontheieooof ianuapparatis whivhscarridd o thee
measuri ng .appar at ualpvvherei,n it is sub%,ect ed to such a tenperature excursion

that the above nERtedaeePrdingto thegrpsen 'E‘V?qbé’ﬁ'sﬁq on.tenperatures are
enconpassed by the pﬁ'gfsi%eﬁlﬁfqgﬁrpﬁMOF%%ﬂﬁéggﬁfio?ﬁg{ pe the tength
ur re

variations of the wte i ng this“excursion. erabBly, the tenperature
of the wire enteringThepresadwetlpd is besedwashe ideg of pakimt the costiuoas wire pass
tenperature, whereas in at |east one areag, of 15 the apparatus the wire is
heatod o a Wit s iispariie HRashsSRen s CHRICSR AP SHdbh JoRPRTHHE CXOHSIOR Af

Inside the appar ﬂfa_klﬁmei dbolv€ nRORBh&] EhdrfbtEiNie tAnkifi6h TEhpRaRids &elcl8dmpaised

by the excursion range, and measuring in-line the length variations of the wire

during this excursion. Preferably, the temperature of the wire entering and leaving
the measuring apparatus is the room temperature, whereas in at least one area of

15 the apparatus the wire is heated to a temperature at least equal to (but preferably
higher than) As. Tnside the apparatus it is possible to have a thermal ﬁmﬁle that is
continuous or discontinuous, “by steps”. o

In a first emBédiment of the method, it is possible to measure directly the
elongation of the wire; for example by making the wire slide on support points of

20  the apparatus, the length variations of the wire cause the progressive appearing
and disappearing ofa sag between said suf:port points, and by measuring said sag
it is possible to obtain the iength variations which take place-between the support
points: once the temperatures -at these points and the length variations are known,
it is possible to obtain the hysteresis curve of the wire. ‘

25 However, since the elongations are small, it is difficult to accomplish the
direct measure thereof, also because it requires the use of optical precision
instruments in ofder not to affect the tension of the wire. .

Therefore, in a i)referred embodiment the method of the invention consists
in measuring the variation of the velocity of the wire while passing between the

30 areas at different temperatures of the system. Considering that a length variation

may be expressed as a percentage of the initial length, the variation of the latter



continuous or discontinuous, "by steps". In a first enbodi nent of the
method, it is possible to neasure directly the elongation of the wire; for

exanmpl e by ngld g wire slide on support points of 20 t%l‘a arat us, the
| ength vari ationss"?)@%lhe Wi re cause the progressive appeari afpSlot0zes

di sappearing of a sag between said support points, and by neasuring said sag
It is possible to obtain the Iength vari at i"9rs whi ch t ake pl ace- bet ween t he
support points: once the tenperatures at these points and the | ength
variations are known, it is possible to obtain the hysteresis curve of the
wire. 25 However whshpassingdront angatperange db ansthet bae infay be ddabined|ak itsOfirst

acconplish the ﬂi r.eq%lg rre.ﬁ}ssure t hereof, al so because it- requires the use of
optical precisi o YHYEMIHRFRSREGE o Hmge i A5 velQeityt moEq Prepiselye ik thermethod pe

w re. Therefore; tidinge f apeTalel : : A y.ent .on
consists in neasuri ng&{o%etﬁ‘\glrgﬁiggﬁ on o {H%fé‘ér\%e %tﬁél)q%l?&tt*ggwe%ﬁ%éltﬁgm
passi ng bet ween Stnsraloims efiés am thioufk therappamisavidthisrest différie taypérefites.

Consi dering that ya l.ength .variatiqn. be expressed as a percentage, of the
initial |ength, ERQUFR Yalp b SrerlKio| e e pion ot msomy volesy. vYhon0244
-5 when passing &aiedble chrfae telsiing tﬁxeugﬂiatsg@ﬁene@%f@aésba% &t éﬂlggfagierﬁi -

first derivative with respect to tine; i.e.’ as velocity: nore pr
the method of t Rad megsmngdhe veleeidy dEtheadimatedcl temmtrdtiveribisqmssiblettb @btain

pad
velocity of the wire we several points of jts run, through the
appar at ﬁs whi ch \:%eea%]?% ?‘F@Peeﬁﬁmg@%&it _ ESF"@ o8t ?”h\‘ﬂﬁ_r sing, from a
suppl yi ng the wi ltéhqﬁrat@zd‘tb@dtﬂéﬂ%‘é@a%b?iilteﬁ'ﬁﬁh%"ﬂx@}raﬁaﬁ&w 6@@1&:&&9&%& ant
enp n

tension, through a sequence of areas at different tenperatures a
measuring t héOvePowilly tofobtaie by paintst the dysteresispmres i the tenipsratarssldiigetiom

obtain the anou t o] Lon r ,shorteni.ng), occurred I | e passing
froma tenperat Fﬁaép 0 %ﬁdoft ergig ﬁ%t ﬁ%sg \ﬁeyis{ngei élbera opy e‘0"5‘311&%?’?)%

of velocity, it it@nfdatpessi ble to obtain by points the hysteresis curve in
the tenperature-elongation diagramand to calculate also the stroke in the
transition. between e pressns mapagyrang method, the measurement of the wire velocity is

simpler than the direct measure of the elongations or shortenings to be carried out
15  inthe above-described sag method.
In a second aspect thereof, the invention is about an apparatus for carrying
out the method of the invention. ’ .
‘An ‘example of an apparatus able to carry out the measure of velocity
variations is illustrated in the aforesaid figures, which show a wire F unwound by
20  an input unwinding machine B and wound on a output winding machine B’. The
tension of wire F is controlled by a umit V, placed downstream the input
unwinding machine B, provided with two driverollefs R, whereon wire F winds a
few times, and with a loose arm C that detects the tension on the wire. The tension
measu_remenf by ﬁemm of arm C aims to keep it constant by acting on the control
25 ofrollers R, and in case also on that of rollers R’ of a unit V* which controls the
velocity of the wire and which is placed upstream the output winding machine B’.
The units V and V* are both connected for mutual feedback.
- Between the two units V, V’ is placed a series of thermostatic chambers T in
each of which a given temperature is kept constant, by means of known regulation
30  systems, so as to reproduce a certain temperature profile in a discrete manner. In

the illustrated example there are provided thirteen chambers T with a temperature



In the present neasuring nmethod, the neasurenent of the wire velocity is
sinpler than the direct neasure of the elongations or shortenings to be
carried out w@2008/1bd3§; above-descri bed sag nethod. In a second aspect
thereof, the invention is about an apparatus for carrying BGT"I"EW&/WB%“Hod of
the invention. An exanple of an apparatus _ag)l_e to carry out the neasure of °
velocity wvariations is illustrated in the aforesaid figures, which show a
wire F unwound by 20 an input unwi nding machi ne B and wound on a out put

w ndi ng machine B ., The tension of wire F is controlled by a unit V, placed
downst ream t he i fifs8t: “Sirfnissencriuseediffereace betireany adiagenti etiamtbars, of i20e°C Girdter s
R, whereon wire jfchdsls AVehicdBRe i ' poge .arm C that detects
the tension on the w refﬁdl' e }[I&g%fSI one lﬁe%gg%m @’y&ﬁ%}&r@%’ 3 to

keep it const antthigywilidiei 4056 80-106:12041401602200030-6@46 °® and in case al so

on that of rollers of, a, unjt whi.ch contrqls the _velocity of the wre
I%H %"T’Fe%[ '

and which is placed fiFeth shsm Shirp dt P&WP@%@“&M&MW atfike ghamebery and

V' are both gonngeh&dnke® andWhdadon B8 GRACK 4 ni.1.s. V. IS
pl aced a series of bt her nost at i coghaan‘gl?sﬁjrsl ﬁ%ﬁﬁgﬁm&?@%ﬁﬁ%gﬁﬁwe}{m
tenperature i s Kegsurecthstvahocity ®f wies fsthofugh reokighdefinitiahi embodedGvlsiyls deebts SO
as to reproduce a.certain t erature profile in a discrete manner. In the
i |l ustrated exarfg? E&Ptr\%qﬂg Vﬁﬁ’g&ﬁr" \PP[}@GM Rrith; RREFiSIORa hiyer Rirther, pylieys M, with
tenperat ure VO 20R5k06AbEeRCTAb TROO5HROR 4dspeciiel s tirearh difReLAL Ur e
di fference between adjacent -cha_nbers,sﬁof 20 ga?t?,res)f lﬁ)lg‘r:\rgar%ag?dngdan Fhen
decr easi ng, i n. shamberswhforadetecting heivelocity efthervite abrqono feniperattueatvhidhl 3 be
40- 60- 80- 103- 120- 14(@1%?-%@&&00- 80-60-40 C. In each chanber T there is
pl aced an i Ioe m Y /7° t~at the chanber 5 tenperature and whereon the

wire Fis wound wit EoptneSkicHigge oibsvelsi tOF iBAS Yafiohd EhatflepCitiat Of

wire F through a high-definition encoder i ch detects the rotational
vel ocity of pul leagh feraperptups ad sinoe theTpidclf Brhdteeenpitiel puiteys/Mvis tknowneiteisant

encoders, are alp%g'sibﬁl & Sgtafne%)ee%lgﬁlo% YetWsh Lty r%ﬂéjra%?é""?}?t ¢ e and the

elongation thereof. The measured parameters are continuously recorded in real

15 time by means of suitable known means, and it is preferable to provide also wire
marking means which are automatically activated if the measured parameters
reach values outside the allowable tolerance range. '

In one alternative embodiment, between the two units V and V° there is
placed a single heating chamber with open ends, and pulleys M may be moved

20  along the axis of said chamber; by bringing the central aréa of the chamber at the
highest temperature of interest {160 °C in the example abdve), the thermal
dispersion at the open ends of the chamber determines a “bell shaped”
temperature profile along the single chamber, with a maximum in the middle and
regular decreases toward the ends. If the thermal profile of the chamber is known

25 it is possible to move each of the pulleys M 1o a position in the chamber which is
at a desired temperature (for example, the temperatures comresponding to the
thirteen chambers of the above-described embodiment). The thermal profile of the
chamber can be known by measurin'g the temperature at a series of points located
along the chamber, for example by means of thermocouples or optical pyrometers

30 or other suitable systems; the measurement of the temperature in said series of

“points may be carried out during a suitable calibration test, or in a continuous



chanbers T for detecting the velocity of the wire at roomtenperature, which
Is 10 normally about 20 C. By the know edge of the velocity of wire F in

t he vari ous at each tenperature and since the pitch P between

t he pul | eys Q@%ﬁlﬁ%‘\xn{, it is possible to obtain the rel a?FSﬁT{?@?’Q\%’%ﬁ t he
tenperature of the wire and the elongation,thereof. The neasured paraneters
are continuously recorded in real 15 tine Dby 'neans of suitable known neans,
and it is preferable to provide also wire marking neans which are
automatically activated if the neasured paranmeters reach values outside the
al | owabl e t ol er amernarahgiag the acinel wirt ehecking ese PoefdiabBnthe peinteswhible tieno '
units V and V t{r

re s _.placed I ngl e .heating chanber wth open ends, and
pul | eys M may be HB eign%ﬂaﬂﬁﬁ‘??ﬁﬁgg&q chagybeg eomé‘sf%ﬁ’i’b"é}ffwdbtf’ithﬁpﬁ@tst he
central area of wherePMABRAM A6 plabeg.hi ghest tenperature of interest (160 Cin
t he exanpl e above), the thermatfJ di spersion at the open ends of the chanber .

determnes a "bel |l sHagedbviousethplethe: embodiments| of theanethbil andi ofyihe apardder
with a maxi [ ' . . requl ar.. decreases,.t rd the ends. I|f the
thermal profile %?Ck{lﬁneéné%%%ﬁﬁ%goﬁr% eﬁ‘é“'cﬁse‘f@ o‘gg%@%{jtaﬁ ARV ecxamples ¢
the pulleys M t oscgnibié ofmurhdtotd \¢nad e REparibilah) sévieral ¥bn@nfdG§é abfloperative

tenperature (for exanple, the tenperatures corresponding to the thirteen

chambers of the BiSameleremgy ibsshargadomichnes the nuphkertdfabasbers Bfthe deropersthe

chamber can be k ri estepperature at .a,.series of points ,
| ocated al ong tﬁ%%h%é%%ocﬁglyéﬁb‘h& © uhding wndipg aad SEPRI¥ngngS; | ¢ q)
pyroneters 30 orewinfthe pitch PaletwecysljReht pullkes Veaay bR comtadt A8 1R & ure
in said series O{ﬁl@ points may be carried out during a suitable callbration

test, or in ¥ coRegwiydiEtheymangoy thegumbpdinmnt (wittosiep Gpuperature. profitmalong the i ng

th tual w ] ' fer ' i.ch .
Lenperat ar e | o nibpah éubifirs TRy B Btbahed My My B8 AN priveny
points where puldulysfiddtdnielepitdorthe thinperatupditicesase)t. Bpplyingaliffeeacivotepes aof

t he met hod and of f} he appar attgs . . .
different pomts with which the wire comes into contact (they could be the same

pulleys M), it is possible to set preset inotential drops in the single parts of the wire

(

L

15  and thus, knowing the resistance of the wire, to preset known, temperatures in
these parts. ' _

Similarly, the velocity may be detected through means different from the
above-mentioned pulleys with encoders, for example by means of optical
instruments which detect the passage of marks placed on the wire at constant

20  distance, or laser reading optical instruments which do not require the presence of
marks on the wire and in which the velocity measurement of the same is based on
the Doppler effect. _ '

“The apparatus of the invention, in any variant thereof, may further comprise

" wire markjng means, to allow to mark parts of the' wire. when the parameters
25  measured on these parts reach values outside the allowable tolerance range; these
marking means are generally automatically activated when the system detects that

these parts of the wire do not meet the specifications.

The apparatus and method of the invention constitute the only known way
to provide a wire made of a SMA alloy in which 100% of the wire is certified to

30 have the required. characteristics. However, for certain applications having less

+ stringent quality requirements, the method and apparatus of the invention mzay be



5 according to the invention above disclosed and illustrated are only

exanpl es susceptible of nunmerous changes. In particular, several
constructiv tive paraneters nay be changed such as the nunber of
chanmbers T, e‘?ﬁgg?sglﬁ%{%‘?ature "step" between the chambers, PRETFRN0E000244

unwi ndi ng, wi nding and supplying units; even the pitch P between adjacent
pul l eys M nmay be not-constant as |ong as 8+ s 10 known. Furthernore, in the
enbodi nent with step teéenperature profile along the apparatus, chanbers T
may be di spensed with by using the heating of the wire by Joule effect (at

| east for the t asgesocdsuoechiesic teaaden: the sqglityiof ghelividepe.gnt75%0bf dgesiratThis

different points wth which, the wre cones into ¢gontact (t coul.d be the
sane pul | gys I\/f;anm/#’? ge 6%%’%15@%3%8 né’gﬁ"’%%sw Bgfl?ngpgih(ﬂﬁ]@%swﬁ“ﬁqlﬂ %ingl e

t f th i 1 j 1 ; t
parts o e W Legdn Ayl &%cor&ﬂ?‘@é‘&at& aalr‘.v.ﬁﬁl’,alﬁibgrtﬁ@sfkftexﬁfi‘é‘r %‘%ﬁ/ﬁggi@g rese

known. tenperatures in ‘these par Sim e velocity ected
t hrough neans did tissse peribdgrthe vere aiayvieaveb mdre nmitighy ftoay shevitrut emsuating, f or
exanpl e by ans of.optical _instrugents i et ect .t he passage. of rks
ol aced on t o wirehizg B b e a3 oV e phrefite ', s hontnif i dhitation; ol

i nstruments whi Gl @pepiin i Jie iNRERR ' in
whi ch the velocity rreasuré%mlé gq‘ay?ﬁggsane ggleggglggagn@ogﬁg@%gggfﬂgb@fect.
- The appar at us @bouttike wire prmpecdies, suificient fonlowsn apnlivetianst at aveyet costher
conprise wre marking neans, to allowto mark parts of the wire when the
paraneters- 25 neasured on-these. parts reach val ues outside the allowable
tol erance range; these .marling neans are generally automatically -activated
when the system detects that these parts of the wire do not neet the
specifications. The apparatus and nethod of the invention constitute the
only known way to provide a wire nmade of a SMA alloy in which 100% of the
wreis certified to 30 have the required, characteristics. However, for

certain applications having |less stringent quality requirenents, the nethod
and apparatus of the invention may be WO 2005/ 106441 PCT/|1T2005/ 000244 _g_




used so as to check less than the totality of the wre, e.g., 75%of the
wire. This can be done for instance by not passing part of the |ength of

the wire intQqydhfsqge43f em or by not recording the data ma??g@gﬂﬁﬁlr@ﬁ@ahe

systemfor a part of tinme; in these periods, the wire may .
qui ckly fromthe input unwi nding 5 machine Byto the output w nding machi ne
B', thus shortening the operation total tine. Operating in this way, it is
still possible to have a good degree of reliability about the wre

properties, sufficient for |ower applications, at a |lower cost. WO

2005/ 106441 PCT/|1T2005/ 000244 -9 CLAI M5 CLAIMSrethod for the continuous
quality control of a shape nenory alloy wire or the |ike, characterized by .
conprising the follow ng steps: 5 a) supplying the wire through an appar at us

wherein it is subj.ect&dndthodforttherpentamoneqeslity bsita) offal shps BieRIoty SU6Y wire
range as to conprise th cha{lacter.i stic transition tenperatures of the

material the wire is dRelikechagsterizedhy comprising the follewing steps:or i ndirect!y
the | ength varsi ati ons ; e e ' - Sal . ratus
correspondi ng 5t o di ffe?agnsPBﬁ n m%@%@%ﬁlﬁ%ﬁ?pﬁé@tﬁ%ﬁ%&&ﬁéﬁ 1g§ﬁ§i%§t€§tf° a
tenmperature and | ength vdeinpeiabme epcurkivmiwhidhy cpeisnfizh 4 hoghys te cemptsethey e
of said material in the t erat ure-el.ongati on diagram- 15 2. A nethod
according to claim1, ch Y fan ﬁ?‘ﬁ'&?PlPFWQ“W Pgtheén%t&‘ﬁﬂlt%WWtW
known velocity and with ¢gpstant tension, and that the measurenent of the -
l ength variations is obtained fromthe sag between different.support points
pl aced al ong the appar dumeassring indinhotireatly or dndigectly the demgth ,vaciatdomcoPiliezed
in that the 'Q[]e i s suppl.ied own, vel ocity and with constant

20 with.a k
tensi on, and that the nea‘glﬁ?é’ﬁéﬁ&%&DI&QQI%FHPWQWFM%W%B}Q gnthy
neasuring the velocity vafodl tepefdiures; ' '

c) using the data of temperature and length variation to obtain.by points
the hysteresis. curve of said material in the temperature-elongation
diagram. .

15 2. - A method according to claim 1, characterized in that the wire is supplied
. with a known velocity and with constant tension, and that the measurement
of the length variations is obtained from the sag between different support

points placed along the apparatus. .
3. A method according to claim 1, characterized in tha;: the wire is supplied

20 with a known velocity and with constant tension, and that the measurement

of the length variations is obtained by measuring the velocity variations of
the wire between different points of the apparatus, |

4. An apparatus for the continuous quality control of a wire (F) or the like of
shape memory alloy, chﬁracterized by comprising:

25 _ a) means suitable for setting along the wire (F) a known temperature
profile in a range encompassing the characteristic transition
temperatures of the wire;

b) means suitable for measuring directly or indirectly the length variation
of the wire (F) at each of the different temperatures; and

30 ¢) wire (F) supplying units (B, B*, V, V*).

5. An apparatus according to claim 4, wherein the length variation of the wire



the wire between different points of the apparatus. 4. An apparatus for the
continuous quality control of a wire (F) or the like of shape nenory all oy,
characterized by conprising: 25 a) nmeans suitable for setting along the wire
(F) a known twgpeisabsyae profile in a range enconpassi ng thpcghoaséodsdsstic
transition tenperatures of the wire; b) neans. suitable for neasuring
directly or indirectly the length variationj)gf the wire (F) at each of the
different tenperatures; and 30 c) wire (F) supplying units (B, B, V, V).
5. An apparatus according to claim4, wherein the length variation of the
wire WO 2005/ 106441 RCT/1T20 241%0%(29 4 ‘_ltg I's measured directly through the
measur enent by opti cdf HESHE ¢ t4b§%‘bg“ B rresEgReRthly fptical peqane of the sag

di fferent support poi i Giten %ﬁp& . a

according to claim 4,18%%%(?3;& gﬁ (zitﬁc‘igi%ﬁ t hat alt e gﬂ%g?ﬁn%(ﬁﬂtﬁﬁ?% &2%&&% ,
V, V) are suitable fdempelatwees.ng the tension and the supplying velocity of

the wire (F), and. wherein the | engt.h variation of the.wire i.s neasured
indirectly throug% gp%aﬁgqlﬁﬁ?cé’gm)(%&%ﬁ aofraizgd oy hat i?heogPPP]tYH’@ Wtse . at
different poimts set (@ BH fV.eNInire  sifllE Ao edfustidg tHS tGRRH %&%@%ﬁg@%@g to
claim4, wherein said nmeans suitaple for setting a 10 known tenperdtur

profile along the wi releséxmf te waaiE:tandovkareindthe tlergth wiariatise of die siifef isr ent

el ectric potential. P according t laim4, wherein said ans
suitable for setti ng%‘ée‘é{%'r?gm‘ﬁa{‘%&rgé’z%?@énﬁﬂgfsﬂq@ﬁﬁ%ﬁwﬁw5%8 V@@?‘?ﬁ?’i"g
one or nore ther nostih¢ wirechdiffeés poihts sl bt iferht RRPefadirss according to

claima4, characterized by conprising a plurality: of thernostatic. chanbers:
(T), in each of whi chAmappayans eecppling o elaim 4 whesein saidracans suitablerfo setting a

automatic regy ation &%%egﬁipe?a@&evg}gﬁﬁ*i ﬁor?gaithccja W8 Fmprise contact points of the

wire set at different electric potential.

8.  An apparatus according to claim 4, wherein said means svitable for setting a
Imown temperature profile along the wire comprise one or more
thermostatic chambers (T).

15 9.  An apparatus according to claim 4, .charabterized by comprising a plurality
of thermostatic chambers (T), in each of which a given temperature is kept
constant by means of automatic regulation systems, and wherein said means
suitable for measuring directly or indirectly the length variation of the wire
‘are placed in each of said chambers (T).

20 10. An apparatus according to claim 4, characterized by comprising a single
thermostatic chamber (T) heated in the central area thereof so as to create a ,
continuous temperature proﬁlé in said range, and wherein said means |
suitable for measuring directly or indirectly the length variation of the wire
are placed at preset points along said chamber (T).

25 11, 'An api)aratus according to claim 10, characterized in that it further
comprises femperaulre checking means at preset points along said single
thermostatic chamber (T). .

12. An apparatus according to claim 10, characterized in that said preset

~ temperature check poinis coincide with the points wheren said means
30 suitable for measuring directly or indirectly the length variation of the wire

are placed.



suitable for neasuring directly or indirectly the length variation of the
wre are placed in each of said chanbers (T). 20 10. An apparatus according
to claim4, characterized by conprising a single thernostatic chanber (T)
heated in tRgosmRlGAlL area thereof so as to create a cont pOTIEROS/@OPRT at Ur e
profile in said range, and wherein said neans suitable for neasuring
directly or indirectly the length variatiaonjaf the wire are placed at

preset points along said chanber (T). 25 11. An apparatus according to claim
10, characterized in that it further conprises tenperature checking neans

at preset points_ alo said single,. thernmostatic chanber .(T).. 12. An

appar at us accor di-ng ‘glg gPPATafs, goco q’r%get ?‘P’zgd q%ﬁ‘af’%ﬁe‘iéﬁdﬁ’ﬁfr (]g?efmre )
tenperature check pojeidctyCabditdifentinidind bR R ?ﬂ&y&"@ﬁi)%ﬁbr&&i the"wRE $F) RO
suitable for measuring directly or indirectly the’length variation of the
wire are placed. Wwvooehwiteul slidiagy wiogosiainah elocity is Smeasmredpbpriaghts
according to claimeé ﬁ%k?racte@(j}zed inthat the wire (F) velocity

measur enent mneans ar & PGP é§/s (M whereon the wire (F) is wound

W t hout slidisng, (4\0Ag dpPhratisOdvebrdigd & iclafmi 53, NEhasdéteriteld Vin hath thedgikdhni) on
encoders. 5 14. An apparatus according to claim 13, characterized in that
the pitch (P) bet wesiwesnethp ppilexsdM)Ng constapbnst ant . 15. An appar at us

Fur ther compr | sok-wi 28 il Becchdie toishen? meCORRRCRER €614 SontebBhiatdp
the nmeasured paranet@as it @acier Ve Rey\Riied ntiring Uhsarmde whith a0 adtohariedilye

t ol erance range. . ] ) . .
activated if the measured parameters reach values which are outside the

10 ‘allowable tolerance range.





