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Cuvinte cheie

Sudare cu ultrasunete, aliaje cu memorie, materiale bio-
compatibile, caracteristici structuri sudate, microfabricare.

1. Introducere

Materialele functionale si multifunctionale sunt luate in consi-
derare in prezent pentru dezvoltarea de noi aplicatii. Dintre
aceste materiale, cele cu memorie a formei sunt considerate
printre cele mai importante deoarece pot oferi o gama larga de
functii, cum ar fi: efectul de memorie simplu sau dublu, super-
elasticitate, amortizare, magnetostrictiune si biocompatibilitate.
Proprietatile de memorie a formei a aliajelor sunt asociate cu
transformarea martensiticd care poate avea loc intre o faza
ordonata de temperatura inalta — austenita (care este durd) si o
faza de temperatura joasd — martensita. In functie de familia
aliajului, tranzitia dintr-o faza in alta poate fi controlata termic
si/sau magnetic.

Tranzitia martensitei Intr-un aliaj cu memorie a formei apare,
de obicel, ca rezultatul al unor tratamente termice sau termome-
canice orientate spre a induce o tranzitie de faza termoelastica
reversibila Intre austenita si martensitd. Ciclul termic intr-o gama
de temperaturi joase (de la-100 la+150 °C) este necesar pentru
aobserva schimbarea formei pentru majoritatea aliajelor, iar incal-
zirea cu mult peste aceste temperaturi poate afecta semnificativ
proprietatile.

Pana in prezent au fost descoperite mai multe familii de aliaje
cumemorie a formei, fiecare dintre ele avand avantaje si dezavan-
taje, dar pana acum, cele mai multe aplicatii sunt dezvoltate pe
aliajele Ni-Ti si pe baza de cupru. Aliajele Ni-Ti sunt foarte
importante deoarece sunt si biocompatibile, in timp ce aliajele
pe baza de cupru sunt mai ieftine. Incalzirea la temperaturi foarte
inalte si topirea pot distruge proprietatile acestor aliaje, ca urmare
aincorpordrii de oxigen sau a precipitarii de faze nedorite. Din
acest motiv imbinarea acestor materialelor cu memorie poate fi
o problema sensibila, care este cercetatd in continuare. Aceasta
problema devine si mai sensibila atunci cand aliajele cu memorie
a formei sunt foarte subtiri, cum este cazul filmelor subtiri si a
benzilor solidificate ultrarapid. Aceste tehnici de producere a
aliajelor cu memorie a formei s-au dovedit importante in zilele
noastre [1], in special in dezvoltarea micro-aplicatiilor.

Sudarea aliajelor cu memorie a formei, in special a celor din
familia Ni-Ti, este importanta si este in prezent analizata. Aliajul
Ni-Ti este un material dificil de sudat si pierderea proprietatilor
functionale este o preocupare majora. Majoritatea tehnicilor de
sudare implica incalzirea la temperaturi inalte, care afecteaza nu
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1. Introduction

Functional and multifunctional materials are currently un-
der investigation for the development of new applications.
Among these materials, shape memory alloys are considered of
higher importance because they can provide a large range of
functions, such as: one way and two way shape memory effect,
superelasticity, damping, magnetostriction and biocompatibility.
Shape memory alloy properties are associated with the
martensitic transformation that usually occurs between an or-
dered high temperature phase — austenite that is hard and a
softer low temperature phase — martnesite. Depending on the
alloy family, the transition from one phase to another can be
thermally and or magnetically controlled.

The martensitic transition in a shape memory alloy is usually
achieved as result of thermal or thermomechanical treatments
aiming to induce a thermoelastic reversible phase transition be-
tween austenite and martensite. Thermal cycling in a low tem-
perature range (from -100 to +150 °C) is needed in order to ob-
serve the shape change for most of the alloys and heating much
above these temperatures can significantly affect the properties.

Several shape memory alloy families have been discovered
so far, each of them with advantages and disadvantages, but
until now most of the applications are made using Ni-Ti and
copper based alloys. Ni-Ti alloys are extremely important because
they are also biocompatible, while copper based alloys are less
expensive. Heating at very high temperatures and melting can
destroy these alloys properties due to the oxygen intake or the
precipitation of unwanted phases. For this reason joining of
such materials is a sensitive problem that is currently under
investigation. The issue becomes even more critical when the
shape memory alloys are very thin, as is the case in thin films
and rapidly solidified ribbons. These techniques to manufacture
shape memory alloys have proven especially important
nowadays [ 1] when micro- applications are developed.

The welding of shape memory alloys, especially those made
out of Ni-Ti is important and has received a lot of attention
these days. Ni-Ti is a difficult material to weld and the lost of
functional properties is a major concern. Most of the welding
techniques involve heating at high temperature that affects
not only the welded region but also the rest of the alloy and the
issue becomes extremely sensitive when thin films of ribbons
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numai zona sudata ci si restul aliajului astfel incat problema
devine foarte sensibila cand sunt implicate filme si benzi subtiri.
Schimbarea proprietatilor poate afecta nu numai functiile de
memorie a formei dar i biocompatibilitatea, iar ca urmare se
limiteaza utilizarea in aplicatiile medicale.

Péana in prezent, au fost considerate mai multe tehnici
combinate pentru imbinarea aliajelor masive, cum ar fi sudarea
prin rezistenta electrica, prin frecare, TIG, cu laser, etc. [2-8],
toate implicdnd incalzirea extensiva a aliajelor cu memorie a
formei, cu consecinte asupra proprietitilor functionale.
Nishikawa si colaboratorii (1982) a incercat sa asambleze Ni-Ti
prin sudare prin rezistenta electrica si a descoperit o scadere a
rezistentei la tractiune. Experimentarile ulterioare au relevat pre-
cipitari de Ti,Ni care pot afecta proprietatile de memorie a formei,
Hirose si colaboratorii au incercat sa foloseasca tehnici de sudare
cu laser si au descoperit precipitatii de oxizi in metalul sudat.

Sudarea ultrasonica reprezinta o buna metoda de asamblare
aaliajelor cu memorie a formei, ca urmare a faptului ca implica
temperaturi mai scazute, localizate in jurul punctelor de sudura.
Ca urmare a Incalzirii, nu este de asteptat sa apara schimbari
majore in vecinatatea imbinarii. In plus, tehnica poate fi usor
adaptata la procese de micro sudare deoarece este simplé, poate
fi usor controlata si nu necesitd materiale suplimentare care pot
afecta calitatea sudurii.

Aceasta lucrare analizeaza particularitatile procesului de
sudare ultrasonica pentru imbinarea aliajelor cu memorie a
formei - masive si solidificate ultrarapid, cu materiale similare
sau disimilare. Se descrie modul in care procesul poate conduce
la avantaje semnificative legate de pastrarea proprietatilor
functionale in aliajele cu memorie, inclusiv ale aliajelor subtiri
situate in gama de grosime a zecilor de microni. S-a concluzionat
ca aceasta tehnica poate fi eficientd pentru asamblarea aliajelor
cumemorie a formei necesare pentru micro-aplicatii.

2. Detalii experimentale
Aliajele cu memorie a formei apartinand familiilor Cu-Zn-Al

si Cu-Al-Ni cu compozitiile chimice detaliate in tabelul 1 au fost

Tabelul 1. Compozitia chimica a aliajelor pe baza de cupru /
Table 1. Chemical compositions of copper based alloys

Cu-Zn-Al Cu Zn Al
[masa/ [masa/ [masa/
weigth %] weigth %] weigth %]
cod /code1 71,34 23,4 5,26
cod / code 2 71,7 22,1 6,2
cod /code 3 69,5 26,5 4
Cu-Al-Ni Cu Al Ni
[masa / [masa / [masa /
weigth %] weigth %] weigth %]
cod /code1 83,04 13,1 3,86
cod / code 2 83,42 13,25 3,33

realizate sub forma masiva, utilizand tehnici conventionale de
turnare. Ele au fost ulterior omogenizate si tratate termic prin
calire de punere 1n solutie, cu racire in apa cu gheata. Ca rezultat
al acestui tratament aliajele au prezentat efectul simplu de
memorie a formei si dupa cateva cicluri de deformare — incalzire
a fost observat efectul dublu de memorie a formei.

Aliajele masive au fost utilizate la realizarea benzilor din aliaj

are involved because. The change in the properties can affect
not only the shape memory functions but also the biocompa-
tibility, rendering the joint useless for medical applications.

Several joining techniques have been considered so far for
joining bulk alloys such as electric resistance, friction, TIG, laser,
etc. [2-8], all of them involving extensive heating of the shape
memory alloy with consequences on functional properties.
Nishikawa et all (1982) tried to assemble Ni-Ti by resistance
welding and found a decrease in the tensile strength; further
experiments revealed the precipitation of Ti,Ni that can affect
the shape memory properties, Hirose et all. tried to used laser
welding techniques and found the precipitation of oxides in
the welded metal.

Ultrasonic welding can be a good opportunity to assemble
shape memory alloys due to the fact that it involves lower
temperatures that are mostly localized around the welded spots
[9]. Therefore, major changes as a result of heating are not
expected in the vicinity of the joint. In addition the process can
be easily adapted to micro welding processes because it is simple,
can be easily controlled and does nod need additional materials
that can affect the quality of the weld.

This paper reports on the use of the ultrasonic welding
process to join bulk and rapidly solidified shape memory alloys
to similar or dissimilar materials. It will be show how the process
can lead to significant advantages and how it can preserve
functional properties in the alloys, including thin ones situated
in the range of tens of microns thickness. It is concluded that
this technique can be efficient for assembling shape memory
alloys needed for micro-applications.

2. Experimental details

Shape memory alloys belonging to the Cu-Zn-Al and
Cu-Al-Ni families with the chemical composition shown in table 1
have been manufactured as bulk materials, using conventional
casting techniques. They have been subsequently homogenized
and heat treated by solution annealing followed by ice-water
quenching. As a result of this treatment the alloys showed a

Figura 1. Tehnica “melt-spinning”
(a. principiu de baza si b. experimentul real)
Figure 1. The melt-spinning technique
(a. basic principle and b. actual experiment)

one way shape memory effect and after several deformation —
heating cycles the two way shape memory effect was observed.

The bulk alloys have also been used to manufacture shape
memory alloys ribbons via the melt-spinning technique
described in fig. 1a, b.
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cu memorie folosind tehnica “melt-spinning”, descrisa in
figura la, b.

Aliajul topit a fost ejectat pe periferia rotii de cupru antrenata
in migcare de rotatie. A fost utilizat un creuzet de cuart cu orificiu
dreptunghiular cu dimensiunile 6x0,7 mm. Parametrii utilizati in
timpul procesului de realizare a benzilor au fost: viteza 2500 rot/
min, presiunea de ejectare 250 mbar, distanta dintre creuzet i
disc 1,5 mm. Ca urmare a acestui proces, au fost realizate benzi
de 20-40 mm grosime si 4 mm latime. Efectul simplu de memorie
a formei a fost observat la aceste benzi prin incélzirea in gama
de temperaturi 60-125 °C, in functie de compozitie.

Figura 2. Echipamentul de sudare cu ultrasunete
controlat de calculator, realizat pentru
programele experimentale de sudare /

Figure 2. Ultrasonic computer controlled welding
equipment developed for experimental
welding programmes

Programul experimental de sudare a fost realizat pe un
echipament special (figura 2), cu urmatoarele caracteristici:
frecventa 20 kHz, puterea 2500 W, convertor piezoceramic
3000 W. Pentru experimente s-a utilizat o sonotroda cu doua
suprafete active, cu control computerizat astfel incat sa furnizeze
parametrii experimentali optimi. Pentru protejarea materialelor
sudate in timpul procesului de sudare a fost utilizat argonul.

O parte din aliajele masive au fost sudate utilizand tehnicile
ultrasonice, pe placi de cupru si alama, realizandu-se experimente
similare pe benzi obtinute din aliaje masive pe baza de cupru si
pe aliaje superelastice Ni-Ti, respectiv pe benzi de Ni-Ti-Cu
care au fost produse ca parte a unei colaborari internationale. O
parte din parametrii utilizati pentru sudare sunt exemplificati in
tabelul 2.

In prezent sunt in curs de desfasurare si alte experimente,
asupra si altor familii de aliaje cu memorie, inclusiv din categoria
celor feromagnetice.

3. Rezultate si discutii

Examinarea microscopica a aliajelor Cu-Zn-Al si Cu-Al-Ni
masive a aratat prezenta structurilor martensitice (figura 3) pentru
probele calite si a fost observata transformarea martensitica atat
prin microscopie opticd, cat si prin calorimetrie diferentiala
(DSC). Examinarile microstructurale ale benzilor solidificate rapid
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The melted alloy was ejected on the outer surface of a
rotating copper wheel. A quartz crucible was used with a
rectangular 6 x 0.7 mm perforation. The parameters used during
the melt-spinning process were: speed 2500 rot/min, 250 mbar
ejecting pressure and 1.5 mm distance between the crucible
and the rotating wheel. As a result of this process we were able
to manufacture 20-40 mm thick ribbons with 4 mm width. The
one way shape memory effect was observed on these ribbons
by heating in the 60-125 °C temperature range, depending on
the composition.

The experimental welding programme was made on a
specialized equipment (shown in fig. 2), with the following
characteristics: 20kHz frequency, 2500 W power, 3000 W
piezoceramic convertor. For the experiments one sonotrode with
two active surfaces has been used, computer controlled in such
a way to provide optimal experimental parameters. Argon gas
was used to protect the welded materials during processing.

Part of the bulk alloys have been welded using ultrasonic
techniques on copper and brass plates and similar experiments
have been made on ribbons that have been obtained out of the
bulk copper based alloys and on equiatomic Ni-Ti commercially
available superelastic alloys and on Ni-Ti-Cu ribbons that have
been produced as part of an international collaboration. Part of
the parameters used for welding are exemplified in table 2.

Further investigations are under way to experiment the result
on other shape memory alloy families, including ferromagnetic
ones.

3. Results and discussions

Microscopic examination of the bulk Cu-Zn-Al and Cu-Al-
Ni showed the presence of the martensitic structure (fig. 3) for
the quenched samples and the martensitic transformation was
observed by both optical microscopy and differential scanning
calorimetry (DSC). Microstructural examinations of the rapidly

Figura 3. Microstructurile aliajului cu memorie a formei
Cu-Zn-Al, aratand structura martensitica a aliajului masiv (a),
cresterea columnara in banda (b) si detaliu cu structura
martensiticd induntrul grauntelui din banda (c) /

Figure 3. Microstructures of the Cu-Zn-Al shape memory alloys
emphasizing the martensitic structure of the bulk alloys (a), the
columnar growth in ribbons (b) and details of the martensitic
structure inside a grain of the ribbon (c)

solidifies ribbons showed a columnar structure with the growth
direction oriented over the thickness of the ribbon.

The preliminary experiments on welding bulk shape memory
alloys materials did not raise major problems, especially due to
the fact that the process involves more or less common materials.
However on what concerns the ribbons, special precautions
have been taken. Fig. 4 shows the striations of the active surface
of the sonotrode and the experimental results on Cu-Zn-Al
ribbons welded on copper plates.

Similar experiments, using a sonotrode with the same
characteristics have been performed on Ni-Ti-Cu ribbons welded
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on abulk Ni6Ti4V biocompatible alloy and the results are shown
infig. 5.

We have observed a good behavior of the ribbon during the
interaction with the sonotrode. Taking into consideration the
thickness of the ribbon (in the range of 20 mm) and due to the
fact that the sonotrode was not especially designed for this

aratd o structurd columnara cu directia de crestere orientatad
transversal, fata de grosimea benzii.

Experimentele prealabile pe aliajele masive cu memorie a
formei sudate nu au ridicat probleme majore, in special ca urmare
a faptului ca procesul implica mai mult sau mai putin materiale
care se sudeazd in mod obisnuit. In ceea ce priveste benzile, au

Tabelul 2. Parametrii de sudare folositi la experimentari / Table 2. Welding parameters used in experiments

Cu 99,98 + CuZnAl
Material Grosimea / Thickness | Rugozitatea / Calitatea suprafetei / Pozitia de sudare /
[mm] Rugosity Surface quality _ Welding position
Cu99,98 0.7 0.4 Slefuit / Polished In contact cu picovala/
(placa bul 15 04 Prelucrat mecaric / Machined | 1 C0l o e orode
Timpul de sudare / Energia de sudare / Fs/Pn Suprafata activa / Forta specifica /
Welding time Welding energy Active scérface Specific fgrce
[ms] [%] [N/ bar] [mm?] [N/ mm7]
90 75 188/1,5 14 13
Cu 99,98 + CuZnAl
Material Grosimea / Thickness Rugozitatea / Calitatea suprafetei / Pozitia de sudare /
[mm] Rugosity Surface quality _ Welding position
Cu99,98 16 0.4 Slefuit / Polished in contact cu micovala/
e 04 | Proboratmecanic /Machines | o conlct o sotace
Timpul de sudare / Energia de sudare / Fs/Pn Suprafata activa / Forta specifica /
Welding time Welding energy Active S(;rface Specific fc;rce
[ms] [%] [N/ bar] [mm?] [N/ mm?]
130 65 200/ 1,6 14 14,5
Cu 99,98 + CuZnAl
Material Grosimea / Thickness Rugozitatea / Calitatea suprafetei / Pozitia de sudare /
[mm] Rugosity Surface quality _ Welding position
Cu99,98 26 0.4 Slefuit / Polished in contact cu micovala/
(plg :éZ%ZI 1K) 1,5 0,4 Prelucrat mecanic / Machined ;2 (C;g;;:g} Svlljtf? Zg%t;;izé
Timpul de sudare / Energia de sudare / Fs/Pn Suprafata activa / Forta specifica /
Welding time Welding energy Active st;rface Specific fgrce
[ms] [%] [N/ bar] [mm?] [N/ mm7]
180 75 218/ 1,75 14 15,6
Cu Zn37 + CuZnAl
Material Grosimea / Thickness Rugozitatea / Calitatea suprafetei / Pozitia de sudare /
[mm] Rugosity Surface quality _ Welding position
@b Cuzn37 08 0.4 Slefuit / Polished in contact cu micovala/
ﬂ@@ (plg géz?[ﬁ 1K) 1,5 0,4 Prelucrat mecanic / Machined 52 ggg;:g SVLIJI‘/? Zg%gg%%é
g Timpul de sudare / Energia de sudare / Fs/Pn Suprafata activa / Forta specifica /
Welding time Welding energy Active stgrface Specific fozrce
5 [ms] [%] [N/ bar] [mm?] [N/ mm?]
100 75 188/1,5 14 13
@ Cu Cr Be + CuZnAl
. Grosimea / Thickness | Rugozitatea / Calitatea suprafetei / Pozitia de sudare /
@ Material
[mm] Rugosity Surface quality _ Welding position
tﬂ% CuCrBe 1,5 04 Slefuit / Polished 'j;ggﬁg‘cﬁjv;t‘;fgﬁ'i/
| I— 1
5 (plca (l:éz;‘bAul 1K) 1,5 0,4 Prelucrat mecanic / Machined ;2 ggg;:g} Svlljt/? Zr;?’t;?rgzé
Timpul de sudare / Energia de sudare / Fs/Pn Suprafata activa / Forta specifica /
5 Welding time Welding energy Active stgrface Specific fgrce
[ms] [%] [N/ bar] [mm?] [N/ mm?]
@ 195 75 218/ 1,75 14 15,6
Cu 99,95 + CuZnAl
Material Grosimea / Thickness Rugozitatea / Calitatea suprafetei / Pozitia de sudare /
@ [mm] Rugosity Surface quality _ Welding position
= Cu99,95 08 0.4 Slefuit / Polished in contact cu covala/
%3 T e
Timpul de sudare / Energia de sudare / Fs/Pn Suprafata activa / Forta specifica /
5 Welding time Welding energy Active surface Specific force
[ms] [%] [N/ bar] [mm? [N/ mm?
@@ 70 75 188/1,5 36 13
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fost luate precautii speciale. Figura 4 arata striatiile suprafetei
active a sonotrodei si rezultatele experimentale pe benzi din
aliaj Cu-Zn-Al sudate pe placi de cupru.

Figura 4. Rezultatele experimentale ale sudarii cu ultrasunete a
benzilor din aliaj Cu-Zn-Al cu memorie a formei pe
placi de cupru: a) striatiile de pe suprafata activa, (b) rezultate
experimentale aratand structura sudurii (1) delaminarea
benzii slabe ca rezultat al procesului de sudare (2) si
imprimarea striatiunilor pe placa de cupru (3) /
Figure 4. Results on ultrasonic welding of Cu-Zn-Al shape
memory alloy ribbons on copper plates: a) active surface
striations, b) experimental results showing the welded
structure (1) delaminations of weaker ribbons as
result of the welding process (2) and the imprint of
the striation on the copper plate (3)

Experimente similare, utilizdnd o sonotroda cu aceleasi
caracteristici au fost realizate pe benzi de Ni-Ti-Cu sudate pe
aliaj de Ni6Ti4V masiv, biocompatibil, iar rezultatele sunt
prezentate in figura 5.

A fost observat un bun comportament al benzilor in timpul
interactiunii cu sonotroda. Luand in considerare grosimea
benzilor (in gama de 20 mm) si ca urmare a faptului ca sonotroda
nu a fost special conceputa pentru acest proces, se pot observa
zone in care sonotroda actioneaza cu o mai mare energie de
cuplare (marcat cu I. in figura 5a), pe cand in zonele unde
contactul cu banda este limitat se poate observa o deteriorare a
benzii (marcat cu II. in figura 5a). Imaginea reversului structurii
sudate indicd un contact relativ bun intre partea activa a
dispozitivului de sudura si cateva mici urme de alunecare
(figura 5a2).

In scopul de a extinde mai departe limitele cercetarii
experimentale a fost analizatd sudarea benzilor de Ni-Ti-Cu.
Figura 6a arata cazul a doua benzi imbinate prin sudare, in timp
ce figura 6b reprezintd o imagine macroscopica a insertului din
figura 6a. Un bun comportament al sudurii a fost observat, fara
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process one can observe areas where the sonotrode acts with
larger energy coupling (marked with I. in fig. 5a), whereas in
areas where the contact with the ribbon is limited a deterioration
of the ribbon can be observed (marked with II. in fig. 5a). The
back image of the welded structure shows a relatively good
contact between the active part of the welding device with
some small slip marks (fig. 5 a2). The results have been expanded
to ribbons welded in sandwich architectures between to plates
of biocompatible alloy plates proving once more the good
behavior of the shape memory alloy ribbons (fig. 5 b).

In order to further expand the limits of the experimental
research the welding of Ni-Ti-Cu ribbons between them has
been attempted. Figure 6a shows the case of two ribbons welded
together while fig. 6b is a macroscopic image of the expanded
insert in fig. 6a. A good welding behavior has been observed,
without major deteriorations around the spot and with a good
connection between the two ribbons.

Figura 5. Rezultatele sudarii cu ultrasunete a benzii din aliaj cu
memorie a formei Ni-Ti-Cu pe placi din Ni6Ti4V:
(a.) banda imbinata cu o placa (al. imagine frontala,
a2. imagine din spate, a3. imagine din lateral) si
(b.) banda imbinata cu doud placi/

Figure 5. Results on ultrasonic welding of Ni-Ti-Cu shape
memory alloy ribbons on Ni6Ti4V plates: (a.) ribbon attached
to one plate (al. front image, a2. back image, a3. lateral
image) and (b.) ribbon attached to two plates

Figura 6. Rezultatele sudarii cu ultrasunete a doud benzi de
aliaj Ni-Ti-Cu cu memorie a formei:
a. structura sudurii cu benzile imbinate intre ele;

b. imaginea macroscopica a punctului sudat /
Figure 6. Results on ultrasonic welding of two Ni-Ti-Cu
shape memory alloy ribbons: a. welded structure
with the ribbons attached between them,; b. macroscopic
image of the welded spot.

The particularities of ultrasonic welding process that do not
require heating temperatures that could affect the behavior of
the shape memory alloy are considered convenient for joining
applications. Except for the vicinity of the joint spots, where
shape memory properties are not usually required, the rest of
the material is expected to maintain its properties. Aging
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deteriordri majore in jurul punctului de sudura si cu o buna
legétura intre doua benzi.

Particularitatile procesului de sudare ultrasonica, ce nu
necesitd temperaturi de incalzire care ar putea afecta
comportamentul aliajelor cu memorie a formei, sunt considerate
convenabile pentru aplicatiile de asamblare. Cu exceptia
vecinatatii punctelor de imbinare, unde proprietatile de memorie
a formei nu sunt, in restul materialului nu au fost observate
modificari functionale sau structurale. Fenomenul de imbatranire
asociat cu procesele de incélzire din aliajele pe baza de cupru
nu este favorizat de acest tip de sudurd, in timp ce absorbtia de
oxigen in timpul sudarii la rece nu este de asteptat sa apara.

Figura 7. Dovada efectului de memorie a formei in structurile
sudate Intre benzi de Ni-Ti-Cu si placi din materiale
biocompatibile (a. la temperatura camerei; b. forma schimbata
prin incalzire la 60°C) /

Figure 7. Proof of the shape memory effect in welded structures
with Ni-Ti-Cu ribbons attached to biocompatible plates
(a. room temperature; b. shape change by heating at 60°C)

Caracteristicile functionale ale imbinarii au fost examinate pe
benzi pe baza de cupru si Ni-Ti. Ambele benzi au evidentiat
proprietati de memorie a formei, ca urmare a incalzirii in gama
corespunzatoare de temperaturi de transformare. Figura 7
demonstreaza faptul ca banda de Ni-Ti-Cu isi poate schimba
forma cind este incalzitad peste 60 °C, sugerand ca proprietatile
nu au fost afectate. Se au in vedere viitoare investigatii privind
caracterizarea schimbarilor structurale din imediata vecinatate
apunctelor de sudura si a zonelor inconjuratoare si investigatii
asupra biocompatibilitatii, care se asteaptd sa arate ca aceasta
tehnica de imbinare poate fi utilizata pentru aplicatii medicale.

Aceste experimente preliminare au fost realizate cu
echipamente si dispozitive care nu au fost special proiectate
pentru sudarea benzilor. Vor fi realizate cercetéri suplimentare,
cu sonotrode speciale si cu control adecvat al parametrilor de
sudare.

4. Concluzii

Aliajele cu memoria formei sunt materiale functionale cuun
comportament care este influentat in mare masura de factorii
termici. In consecint, sunt necesare precautii importante in
timpul sudarii acestor materiale, in special in cazul aliajelor pe
baza de Ni-Ti, unde oxigenul incorporat duce la schimbari majore
in proprietatile functionale.

Sudarea ultrasonica poate fi un instrument important pentru
imbinarea aliajelor cu memorie a formei cu materiale similare sau
nesimilare, ca urmare a faptului ca nu conduce la incilzirea
semnificativa a aliajului, in timpul procesului de sudare. Procesul
poate fi chiar mai important la imbinarea plécilor subtiri, filmelor
si benzilor si poate fi in esential pentru imbinarea aliajelor cu
memorie a formei biocompatibile cu alte materiale
biocompatibile.

phenomena associated with heating processes in copper based
alloys are not favored by this type of welding, while oxygen
absorption during this type of cold welding technique is not
expected to occur.

The functional characteristics of the joint have been further
examined for copper and Ni-Ti based ribbons. Both ribbons
showed shape memory properties when heated in their particu-
lar temperature range. Figure 7 demonstrates the fact that Ni-
Ti-Cu ribbon can change the shape when it is heated above 60
°C, suggesting that the properties have not been affected. Fur-
ther investigations are currently in focus for the characteriza-
tion of structural changes in the immediate vicinity of the welded
spots and the surrounding areas and investigations on the
biocompatiblity are expected to show that this joining tech-
nique can be used for medical applications.

These preliminary experiments have been made on
equipments and devices that were not especially design for the
welding of ribbons. Further efforts will be made with special
sonotrodes and with an adequate control of the welding
parameters.

4. Conclusions

Shape memory alloys are functional materials with a behavior
that is greatly affected by thermal factors. Consequently,
significant precautions have to be considered during welding
of such materials, especially in the case of Ni-Ti based alloys,
where the oxygen incorporation leads to major changes in the
functional properties.

Ultrasonic welding can be an important tool to join shape
memory alloys to similar or dissimilar materials due to the fact
that it does not lead to significant heating of the shape memory
alloy. The process can be even more important for joining thin
plates, films or ribbons and can be especially important for
joining biocompatible shape memory alloys to other
biocompatible materials.

Experiments have shown that the ultrasonic welding can be
used to attach bulk as well as ribbons made out of copper based
and Ni-Ti bulk alloys and rapidly solidified ribbons. While the
joining process of bulk materials did not lead to major issues,
the joining of ribbons is affected in a more significant manner
by the particularities of the tools used for joining and the process
parameters. Porous ribbons can be dismantled during the process
and further experiments need to be carried out in order to find
the most appropriate technology.

The experiments on Ni-Ti based ribbons have shown the
possibility to attach the ribbons to biocompatible plates as well
as to other ribbons and it has been demonstrated that the
functional properties of ribbons attached by ultrasonic welding
are not affected beyond the welding area.

In conclusion, it can be stated that ultrasonic welding could
be a good technique to assemble shape memory alloys, including
thin ones and the fact that is does not require extensive heating,
nor additional materials can make this technique important for
biocompatible applications.
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Sudare cu ultrasunete

Experimentele au ardtat ca sudarea ultrasonicad poate fi
folosita la asamblarea aliajelor masive cu benzi din aliaje pe
baza de cupru si aliajele masive de Ni-Ti si benzile solidificate
rapid. In timp ce procesul de imbinare a materialelor masive nu
conduce la probleme majore, imbinarea benzilor este afectata
intr-o masurd mai mare de particularitatile dispozitivelor utilizate
pentru imbinare si de parametrii procesului. Benzile poroase
pot fi distruse in timpul procesului, iar experimentele ulterioare
trebuie sa conduca la gasirea celei mai adecvate tehnologii.

Experimentele pe benzi de Ni-Ti au aratat posibilitatea de a
asambla benzile cu materiale biocompatibile cat si cu alte benzi,
si s-a demonstrat ca proprietitile functionale ale benzilor imbinate
prin sudare cu ultrasunete nu sunt afectate in afara zonei de
imbinare.

In concluzie, se poate afirma ci sudarea cu ultrasunete poate
fi o metoda buna de asamblare a aliajelor cu memorie a formei,
inclusiv a celor subtiri, iar faptul ca nu necesita incalziri excesive,
nici materiale suplimentare, poate face aceasta tehnica
importanta pentru aplicatii biocompatibile.
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