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continuous quality control of a wire made of a shape

menory alloy (in the follow ngjal so defined as "SMA"). -
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the following to a wire, which is certainly the nost
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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, starting 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 A¢ 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 temperature M at which the transformation into the martensitic phase starts,



of the transformation into the austenitic phase.
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reached a third tenperature Ms at which the

transformation into the martengi-ti c phase starts,’ and
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2. residual sef: 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 lower than that causing failure (for example 75% ‘br 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 estimatihg 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
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poi nts of said apparatus orrespon I ng
known b) measuring in-line directly or indirectly the length variations of the wire at

preset points of said apparatus corresponding 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 carrying



tenperatures; c) using the data of tenperature and
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di agram The mai n advant age of the present nethod and
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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 support 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 breferred 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
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car teyikio of wire F is controlled by a unit V, placed downstream the input

unwinding machine B, provided with two drive rollers R, whereon wire F winds a
few times, and with a loose arm C that detects the tension on the wire. The tension
measuremenf by ineans 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
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apparatus able to carry out the measure of velocity
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highest temperature of interest (160 °C in the example above), 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 to 2 position in the chamber which is
at a desired temperature (for example, the temperatures corresponding to the
thirteen chambers of the above-described embodiment). The thermal profile of the
chamber can be known by measuring 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
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“The apparatus of the invention, in any variant thereof, may further comprise
" wire marking 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 may be
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voltages at different points with which the wire cones
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i nst rune do not- require the presence of marks
5 on nidehingiB & ﬁmd)ultpﬂt wiinding mrrshine| Be rthtys sherenpe hsepepition total

of ?W}Feaeﬁ(i’ilﬂgas s gv%y,;lﬂe 1?2}0 osg le ];h?tg% ¥ g-gt}& d %@ E}éiﬁblhty

CORB&ktIRe Wirk %rd’@ﬁkds NG ffidiamSor Io@rea hlbyﬂWaﬁmsgmir aklop&r tast.of
the wire when the paraneters nmeasured on these parts

reach. val ues outside the all owabl e tol erance range;

t hese marking neans are generally automatically
activated when the systemdetects 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 made of a SMA all oy in which
100% of the wire is certified to have the required
characteristics. However, for certain applications
having | ess stringent quality requirenents, the nethod
and apparatus of the invention may beused so as to
check Il ess than the totality of the wire, e.g., 75% of
the wire. This can be done for instance by not passing
part of the length of the wire into the system or by
not recording the data neasurable by the systemfor a
part of tinme; in these periods, the wire may travel
more quickly fromthe input unw nding machine B to the
out put wi ndi ng machine B, thus shortening the
operation total tine. Operating in this way, it is
still possible to have a good degree of reliability
about the wire properties, sufficient for | ower
applications, at a |lower cost.CLAI M5



1. A nethod for the continuous quality control of a

shape nenory alloy wire or the |like, characterized by
woanpriveisng the foll owi ng steps: a) supplyi hg PO®TVEDE000244

t hrough an apparatus wherein it is subjected to a

tenperature excursion which ceg9ers such a range as to

conprise the characteristic transition tenperatures of

the material the wire is made of; b) neasuring in-line

directly or indirectly thelqygﬁﬁgvariations of the -

wire at preset points of said apparatus correspondi ng

to different known tenperatures; c¢) using the data of

tenperature and.length_ variation to obtain by points .
t helhystdneflpd ?@J.ﬁe g%ﬁﬂ@&% duatiy epntEel qfip ghege memory alloy wire

e i A0t P SR 1 1

to claim1l, a e wmre iIs supplied

S th a knowwppbling theywie dhraiigh i epdrains whensin onis subjbcted to a
that the neasurement of the J. n%th vari.ations iéi orise th
obt ai ned f r SHPERLTS S3CHEPRaUHCHPrYeat SH Lipise s ipompgise the

pl aced al onghatdierREP afandition tednpefutilt RO thamarkidl e Wit is made
claim1, characterized in that the wire is supplied

with a knowf:vel ocity and with constant tension, and

obt ai nod B CREREE hotie ARG SAPHYYa B BREn ferigns of the

10M re bet weewirdi 4if presst pdints ndfSsadd  dpperaaigpedsredspondidg té\different
apparatus for the continuous quality control of a wire :
(F) or the Fio@ GPPeiipes menory al | oy, characterized

by conpri g ikﬁ%%mﬁl)etdl’@c@@isteﬁiﬂiefaﬂme %P(Ifl ?éngﬁ?%ﬁd?ﬁn% QBehid BS points

wire (F) d enperature pro e 1 h a range

enconpassi nthet Inystarériy avtver ¢fssaid natendi ini e temperature-elongation
tenperatures. of the wire; b) nmeans suitable for

measuring d'P8@™y or indirectly the length variation

15;2 dQ.he W f@thol)ac8drdBacd Qhint Meckbrddt QiR tin tRANRE 3¥ikd RSsupplied
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 aior;g the apparatus. ‘

3. A method according to claim 1, characterized in that 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, chafacten'zed by comprising:

25 A 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 c) wire (F) supplying units (B, B’, V, V°).

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



c) wre (F) supplying units (B, B, V, V). 5 An
apparatus according to claim4, wherein the length
woanisavean of the wireis neasured directly threaghrioh&000244
measur enent by optical neans of the sag fornmed by the
wire between different supportigpoi nts set at different
tenperatures. 6. An apparatus according to claimd4,
characterized in that the supplying units (B, B, V,

V) are .sui [ t he tension and.the «
suppl yi”FSI %54&%?]8‘2 i y&%?? ﬂ’?ﬁ‘?egthv&ﬂrg é“e(aﬁ‘}‘?mgﬂtdgm,%tr‘c | fsapg, of the sag
| engt h feanedttiyotheofwited detvioer Hﬁfemssupﬁdrti pelhtsesdt! ¥ different
t hrough neans suitable for measuring the velocity of

the wi r'8PBEAGFES erent points set at different :
t enger ak WbSSaths alior@RP &Y @bt 428H0 ML § | ing uni
wher ei n saﬁ%ﬂ?reséﬁs éui%abl e for setc?%r%g ?E%g\;i\}qerguﬁplymgmts
5t enper dBurl¥, pY.oM) | ase suigalgie tfoe adjusting dhep térsseorc and dbd  supplying
poi nts Q he w,re set.at differen lectric .. ..
pot ent ivgﬁqcstﬁ.oﬁr?ea‘ﬁlﬁ%gﬂgi Lfélga‘@%%?lﬁi tﬁ?@ﬁ?‘?ﬁ%l"ép?ﬁl%} of the wire is
wher ei méRifdd haRectlyuht@ighnéRk SRABIE T8 MckfiOWB the velocity of
tenperature profile along the wire conprise one or

nor e t HBe Wirstaheitferent paiés sot pidiffergnt tampajapuesat us

accpr di ' " terjzed by..conpri si : .

o P b e R 2L DRGNS B SRORE i e g o
10whi ch’ &ngimetentperanee girofile dlong eet wire shiise RyntABEPSnGS of the
automati c re%ﬁ‘lgg‘;gi on systens, .and wherein said neans

sui t abl V8§ it ot fgCEiematentigh or indirectly the .
| th i ati : i . . i , ‘ )
erng M?T%ﬁé%gdt?#ﬁﬁga&é@%mﬁlﬁl Ao RLiACSE rhé(}lnﬁ 8&1?%)?{ for setting a

said cha apparatus accor
4, charkaower itgreperbipre oprpfilesiabanen the nglire tcbmprvst Afd Cor more

chanber, (T ated in e central area thereof so as
to cr e&?éngsggﬁfﬁ%%ﬂ%{ﬂenper ature profile in said
15r ange, ANappHaLehébosdhg t&@ﬁlﬁﬁ 48 bhdeddt el Yy é@@ﬁ%ﬁ@& plurality

directly or indirectly the | ength variation of the _
wire ard thirmosigtiachgnbee(Thai pach of| wiigh sagivenctempbeture is kept

L D R AR —r—
checki ngitaamfis: @tasnfifg dire@Bi oxindiRé@IYAhS BrgtISVAYHBN 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 temperature checking means at preset points aloﬁg said single
thermostatic chamber (T).

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

- temperature check points coincide with the points wherein said means

30 suitable for measuring directly or indirectly the length variation of the wire

are placed.



t hernostatic chanber (T). 12. An apparatus accordi ng

to claim 10, characterized in that said preset
woenpavetsur e check points coincide with the poPArAT2005/000244

wherei n said neans suitable for nmeasuring directly or

indirectly the length variati-onn-of the wire are

pl aced.| S. An apparatus according to claim 6,

characterized in that the wire (F) velocity

meagr e . dl | S egn, t .

T B B el Rubg 6 i B DB AR b e wire )

vel oci tyelodtymeeasurantnb yndahg beteldiapilieys (MOwBEESH thkdwire (F) is

An appar at us agcor dj. to,claim 13, characterized in _

that "t RO SReE) Siiae Bhotneotpiariabylackly i gmeasured by high-

const andefinffon Mdodpar at us according to one of the

claimse from4 to 14, characterized in that it further
Sconbti kB apprretusesdepriingrimeiimhl 3; hcharaterized it thatatheypitch (P)

acti vat.ed | f a ed parapeters reach val ues
whi ch abregwéeﬁ’t%?gléﬁ%ﬁzwgll’f 8‘%5%1“get ol erance range. 16.
Shape nemapyaraiul ayconlibg 16 bas s R difigd Bmdhe f@%ﬁa&a@ﬁzed in

100% of the length of the wire is certified to have

hyst er é8ls itc firther empsiseso pdrep mapang | reganisnwhichr axsegutomatically
desi red, ;;a008 iPhne mey alloy wire, . :
char act eri zgg 1Ef3tlhet ﬂ-lee Hﬁ%c% %g ]iwmglt%pe?g%agg ‘feﬁﬁe/esl gﬁﬁ% Hrgoutside the
10t he wi radlomsbleaplerdrice chrige. have hysteresis cycle and ,
st rloé<e roperties i n a.pr eflset desired r ange of val ues.
. ape memory alloy wire characterized by the fact'that 100% of the length
of the wire is certified to have hysteresis cycle and stroke properties in a
preset desired range of values.
17. Shape memory alloy wire characterized by the fact that 75% of the length of
15 the wire is certified to have hysteresis cycle and stroke properties in a preset

desired range of values.



