
WO 2005/106441 PCT/IT2005/000244  -1 "METHOD AND APPARATUS FOR THE
CONTINUOUS DUALITY  CONTROL OF A SHAPE MEMORY ALLOY WIRE" The present
invention relates to a method and an apparatus for the  5 continuous quality
control of a wire made of .a shape memory alloy (in the  following also
defined as "SMA"). It is to be noted that although reference is  made in the
following to a wire, which is certainly the most important application,  the
method of the invention is applicable also to other similar shapes with one
practically infinite dimension and the other two ones finite and generally
small,  10 for example tapes or the like.' ' As it is known, the shape
memory phenomenon lies in the fact that a  mechanical part made of an alloy
which presents this phenomenon is able to shift,  in a very short time and
without intermediate equilibrium positions, between two  shapes,
predetermined during the manufacturing, in response to a temperature 15
change. The phenomenon may occur 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 contrary, 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, 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 Af 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 Me at which the transformation into
the martensitic phase starts, WO 2005/106441 PCT/IT2005/000244  -2 and then
a fourth temperature Mf at which this transformation ends. Diagrams of
these hysteresis cycles can be found, for example, in patents US 4,896,955
and EP  0 807 276. The actual temperatures of the above-mentioned
transformations depend on  5 the type of material and the manufacturing.
process, but for each material these  temperatures are always in the order
Mf< M5, AA< Af, while it may be M9 < Ae or  vice versa according to the rate
of the transition between the two phases occurs.  Examples of compositions
of shape memory alloys can be found in patent US  6,309,184 of the
applicant, among which mainly Ni-Ti alloys preferably with Ni 10 54 _ 55,5%
by weight and the remaining titanium (traces of other components are
allowed). 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  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 lower 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 performs 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 estimating 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 WO 2005/106441 PCT/IT2005/000244  -3 for example on a
piece about every kilometer of wire, but while the first two tests  are
destructive, and thus are necessarily carried out on samples, it would be
preferable to be able to carry out tests 3 and 4 continuously. As a matter
of fact,  carrying out these two latter tests as sampling tests has some
drawbacks. 5 A first drawback is that there could be inhomogeneities in the
characteristics  of the wire which are not detected, because of the very low
sampling frequency  along the wire; moreover with the current operating
modes these tests are carried  out in parallel with the manufacturing
process, and thus with increase of time and  costs for taking the sample
from the manufacturing line and carrying out off-line 10 tests; finally, in
industrial manufactures it is better to have wires as long as  possible,
whereas carrying out the sample tests as described makes it necessary to
break the wire into relatively short portions. 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 made of; 



b) measuring in-line directly or indirectly the length variations of the
wire at  preset points of said apparatus corresponding to different known
temperatures; c) 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
WO 2005/106441 PCT/IT2005/000244  -fl- out the off-line tests. These and
other advantages and features of the method and of the apparatus  according
to the present invention will be clear to those skilled in the art from the
following detailed description of one embodiment thereof with reference to
the  5 attached drawings wherein: Fig. 1 is a schematic front view of an
apparatus which carries out the  method according to the present invention;
and Fie. 2 is a schematic top view of the apparatus of fig. 1. The present
method is based on the idea of making the continuous wire pass  10 in a
measuring apparatus wherein it is subjected to such a temperature excursion
that the above mentioned characteristic transition temperatures are
encompassed  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) Af.
Inside the apparatus it is possible to have a thermal profile that is  



continuous or discontinuous, "by steps". In a first embodiment 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 of a sag between said support points, and by measuring said sag
it is possible to obtain the length 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 ate small, it is difficult to
accomplish the  direct measure thereof, also because it requires the use of
optical precision  instruments in order not to affect the tension of the
wire. Therefore; in a preferred 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 WO 2005/106441 PCT/IT2005/000244
-5 when passing from a temperature to another one may be measured as its
first  derivative with respect to time, i.e. as velocity: more precisely, in
the method of  the invention there is measured the difference of the
velocity of the wire between  several points of its run through the
apparatus which are at different temperatures. 5 In other words, by
supplying the wire at a fixed known velocity, and with a  suitable constant
tension, through a sequence of areas at different temperatures  and
measuring the velocity of the wire at each temperature it is possible to
obtain  the amount of the elongation (or shortening) occurred while passing
from a  temperature to another. In this way, by integrating the variations
of velocity, it is 10 possible to obtain by points the hysteresis curve in
the temperature-elongation  diagram and to calculate also the stroke in the
transition. between two  temperatures. 



In the present measuring method, the measurement of the wire velocity is
simpler than the direct measure of the elongations or shortenings to be
carried out  15 in the 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 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  measurement by means of arm C aims to
keep it constant by'acting on the control 25 of rollers 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 Tin  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 WO 2005/106441 PCT/IT2005/000244  -6 "step", i.e. a temperature
difference between adjacent chambers, of 20 C first  increasing and then
decreasing, in such a way as to obtain a temperature profile  that will be
40-60-80-100-120-140-160-120-100-80-60-40 C. In each chamber T there is
placed an idle pulley M, kept at the chamber  5 temperature and whereon the
wire F is wound without sliding, which is used to  measure the velocity of
wire F through a high-definition encoder which detects  the rotational
velocity of pulley M with precision. Two further pulleys M, with  relevant
encoders, are also. placed respectively upstream and downstream  



chambers T for detecting the velocity of the wire at room temperature, which
is  10 normally about 20 C. By the knowledge of the velocity of wire F in
the various chambers T at  each temperature and since the pitch P between
the pulleys M is known, it is  possible to obtain the relation between the
temperature of the wire 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 area of the chamber at the 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 a 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 WO 2005/106441 PCT/IT2005/000244  -7 manner during
the actual wire checking test. Preferably, the points at which the
temperature is measured along the chamber are made to correspond to the
points  where pulleys M are placed. It is obvious that the embodiments of
the method and of the apparatus  



5 according to the invention above disclosed and illustrated are only
examples  susceptible of numerous changes. In particular, several
constructive and operative  parameters may be changed such as the number of
chambers T, the temperature  "step" between the chambers, the wire
unwinding, winding and supplying units;  even the pitch P between adjacent
pulleys M may be not-constant as long as it is 10 known. Furthermore, in the
embodiment with step temperature profile along the  apparatus, chambers T
may be dispensed with by using the heating of the wire by  Joule effect (at
least for the temperature increase):, applying different voltages at
different points with which the wire comes into contact (they could be the
same  pulleys M), it is possible to set preset potential drops in the single
parts of the wire 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 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 marling 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 WO 2005/106441 PCT/IT2005/000244  _g_ 



used so as to check less 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 measurable by the
system for a part of time;  in these periods, the wire may travel more
quickly from the input unwinding 5 machine B to the output winding machine
B', thus shortening the operation total  time. Operating in this way, it is
still possible to have a good degree of reliability  about the wire
properties, sufficient for lower applications, at a lower cost. WO
2005/106441 PCT/IT2005/000244  -9 CLAIMS  1. A method for the continuous
quality control of a shape memory alloy wire  or the like, characterized by
comprising the following steps: 5 a) supplying the wire through an apparatus
wherein it is subjected to a  temperature excursion which covers such a
range as to comprise the  characteristic transition temperatures of the
material the wire is made  of; b) measuring in-line directly or indirectly
the length variations of the  10 wire at preset points of said apparatus
corresponding to different  known temperatures; 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 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,
characterized 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 c) wire (F) supplying units (B, B', V, V').
5. An apparatus according to claim 4, wherein the length variation of the
wire WO 2005/106441 PCT/IT2005/000244  -10 is measured directly through the
measurement by optical means of the sag  formed by the wire between
different support points set at different  temperatures. 6. An apparatus
according to claim 4, characterized in that the supplying units  5 (B, B',
V, V) are suitable for adjusting the tension and the supplying  velocity of
the wire (F), and wherein the length variation of the wire is  measured
indirectly through means suitable for measuring the velocity of  the wire at
different points set at different temperatures. 7. An apparatus according to
claim 4, wherein said means suitable for setting a  10 known temperature
profile along the wire comprise contact points of the  wire set at different
electric potential. 8. An apparatus according to claim 4, wherein said means
suitable for setting a  known temperature profile along the wire comprise
one or more  thermostatic chambers (T). 15 9. An apparatus according to
claim 4, characterized 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
profile 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 apparatus according to claim
10, characterized in that it further  comprises temperature 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 points coincide with the points wherein said means  30
suitable for measuring directly or indirectly the length variation of the
wire  are placed. WO 2005/106441 PCT/IT2005/000244  -11 13. An apparatus
according to claim 6, characterized in that the wire (F)  velocity
measurement means are idle pulleys (M) whereon the wire (F) is  wound
without sliding, whose rotational velocity is measured by high- definition
encoders. 5 14. An apparatus according to claim 13, characterized in that
the pitch (P)  between the pulleys (M) is constant. 15. An apparatus
according to one of the claims from 4 to 14, characterized in  that it
further comprises wire marking means which are automatically  activated if
the measured parameters reach values which are outside the  10 allowable
tolerance range. 




