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1. Aspecte generale privind undele
ultrasonore

Numeroasele aplicatii ale ultrasunetelor in diverse ramuri
ale tehnicii se datoreaza efectelor produse de acestea ca urmare
a proprietatilor pe care le poseda undele ultrasonore: lungimea
de unda mica, acceleratia particulei foarte mare putand atinge
10° ori acceleratia gravitationala, posibilitatea de directionare
aunui fascicul ultrasonic ingust in directia doritd, posibilitatea
de concentrare si focalizare a energiei intr-un spatiu limitat
fara sa afecteze mediul prin care se propaga [1].

Sudarea cu ultrasunete se incadreaza in categoria
aplicatiilor active sau tehnologice ale ultrasunetelor la care
energia ultrasonicd utilizatd este suficient de mare pentru a
produce modificari structurale ale mediului in care se propaga
si modificari dimensionale [1].

Sudarea cu ultrasunete a materialelor metalice, este
determinata de efectele induse de actiunea ultrasunetelor
asupra interfetelor la suprafata de contact dintre cele doua
repere prin miscarea cu frecventa ultrasonora (20...40kHz) a
unei suprafete fata de cealalta suprafata. Procesul de sudare
cu ultrasunete are loc la o temperaturd mult mai joasa decat
temperatura de topire, neputdnd fi vorba in acest caz de o
zona influentata termic ca la celelalte procedee de sudare si
implicit nu exista o modificare substantiala a proprietatilor
materialului in zona imbinarii. Temperatura de sudare este
limitata la zona imbinarii. Schema de principiu a sudarii cu
ultrasunete a materialelor metalelor este prezentata in figura 1.

Figura 1. Principiul sudarii cu ultrasunete a metalelor:
1 - sonotroda; 2,3 - piese de sudat; 4 - dispozitiv de
fixare—pozitionare
Figure 1. Principle of ultrasonic welding: 1 - sonotrode;
2, 3 - parts to be welded; 4 - fastening—positioning device

Procesul imbindrii sudate este determinat de urmatoarele efecte
induse de actiunea ultrasunetelor:

- cresterea gradului de deformabilitate si usurarea procesu-
lui de deformare plastica a zonelor de imbinat;
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1. General aspects on ultrasonic welding
of metallic materials

The application of ultrasonics in different technical fields
are determined by the properties of ultrasonic waves: small
wavelength, high acceleration up-to 10° gravity acceleration,
possibility to direct a narrow ultrasonic beam in a certain
direction and to concentrate the energy within a limited space,
without affecting the propagation medium [1].

The ultrasonic welding is integrated in the active or
technological applications of ultrasounds where ultrasonic
energy is high enough to produce structural and dimensional
modifications of the propagation medium [1].

The ultrasonic welding of the metallic materials depends
on the effects induced by the ultrasound action on the
interfaces at the contact between the two parts by the
movement having the ultrasound frequency (20....40 kHz) of
a surface versus the other one. The ultrasound welding
process takes place at a much lower temperature than the
melting temperature. In this case there is no heat affected
zone, and implicitly there is no substantial modification of the
material properties in the joint area. The welding temperature
is limited in the joint area. Figure 1 presents the principle
diagram of metallic materials ultrasonic welding.

The joining process is determined by the following effects
induced by the ultrasound action:

- increasing the deformability degree and facilitating the
plastic deformation process of the areas to be joint;

- absorption of the ultrasonic energy by the in contact
micro-relief and their local heating at higher temperatures
than the recrystallization temperature;

- destroying and removing the oxide layers, elimination of
gases from the separation plane due to the cavitation
effect;

- creating the favourable conditions under the action of
ultrasound oscillations, to transfer materials in micro-pores
by diffusion and auto-diffusion;

- redistribution of solid material in the contact area as a
result of viscous flow, of the in volume auto-diffusion
and surface tension.

The ultrasonic welding capability of different metals
depends on their hardness and their elasticity modulus. The
characterization of the metal welding behaviour is given by
the ratio:

Ks=0,/0y

where: o - yield limit of the material at the environment
temperature
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- distrugerea si indepartarea straturilor de oxizi, eliminarea
gazelor din planul de separatie datorita fenomenului de
cavitatie;

- crearea de conditii favorabile sub actiunea oscilatiilor
ultrasonore, pentru transferarea materialului in micropori
pe seama procesului de difuzie si autodifuzie;

- o redistribuire a materiei solide in zona de contact ca
rezultat al curgerii vascoase si ca rezultat al autodifuziei
volumice si al tensiunii superficiale.

Capacitatea de sudare cu ultrasunete a diferitelor metale
este dependenta de duritate si de modulul de elasticitate.
Caracterizarea comportarii la sudare a metalelor este data de
urmatorul raport:

Ks=o0,0,

in care: G- limita de curgere a materialului la temperatura
mediului ambiant;
O, - limita de curgere a materialului la temperatura a
carei valoare este predominantd pe suprafetele de
sudat.

Metalele sunt sudabile cu ultrasunete, in conditii satisfaca-
toare, daca Ks = 0,25-0,3, sudabilitatea descrescand invers
proportional cu Ks [2].

Sudarea cu ultrasunete necesita utilizarea unui sistem
ultraacustic performant. Sistemul ultraacustic este un
ansamblu complex format din transductorul electromecanic,
transformatorul acustic si elementele de cuplare a caror
functionare corelata permite emisia si receptia vibratiilor a
caror frecventd este situata in domeniul ultrasonor
16 -40 - 175 kHz[3].

2. Sudarea cu ultrasunete a subansamblul
SUNT

Pentru determinarea tehnologiilor de realizare a imbinarilor
s-arealizat un program de experimentéri tehnologice urmarind
caracteristicile materialelor, grosimea componentelor,
configuratia geometrica a imbinarii, pozitia de imbinare, etc.
Utilizdnd piese de imbinat proiectate si executate
corespunzitor, s-au obtinut imbinari prin sudare cu ultrasunete
de calitate foarte buna.

Programele experimentale destinate punctual fiecareia din
aplicatii au impus dezvoltarea si modelarea software a sculelor
de lucru, sonotrode specializate, precum si rezolvarea
dispozitivarilor la sudare. Determinarea conditiilor initiale
privind calitatea materialelor in confectionarea sonotrodelor,
a impus utilizarea de aparatura de laborator, pentru
investigarea calitatii structurii interne a materialelor
(control ND) si determinarea vitezei de propagare a sunetului
in materiale. Viteza de propagare a sunetului in material
reprezinta parametrul tehnologic esential in programele de
simulare configuratie constructiva sonotrode.

Simularea cu program specializat, permite cunoasterea
parametrilor de stare de solicitare ai sonotrodei, coeficient de
amplificare, ampalsarea nodurilor si ventrelor, marimea
amplitudinii, curbele de variatie ale pierderilor si a starilor de
solicitare internd a sonotrodei. Sunt definite forma si
dimensiunile sistemului de interfatare cu elementele de
cuplare-booster sau convertor piezoceramic.

In imaginea din figura 2 este prezentata diagrama curbei de

o, - yield limit of the material at the surface temperature
is predominant on the surfaces to be welded

Metals can be ultrasonic welded, in satisfactory conditions,
if Ks=0.25-0.3, weldability decreasing in inverse ratio
with Ks [2].

The ultrasonic welding needs high performance electro-
acoustic system. The electro-acoustic system is a complex
assembly consisting in the electro-mechanic transducer, the
acoustic transformer and the coupling elements which
correlated functioning allow the emission and reception of
vibrations which frequency is situated in the ultrasound field
16 -40 - 175 KHz[3].

2. Ultrasonic welding of the “SHUNT” unit

For determining the welding technologies, a program of
technological experiments was achieved, aiming material
characteristics: the thickness of the components, the
geometrical configuration of the joint, position of the joining
etc. Using correspondingly designed and made parts to be
welded quality ultrasonic welded joints were obtained.

The experimental programs for each application imposed
the development and modelling of working tools using
software, specialized sonotrodes and devices for fastening the
components. The determination of the initial conditions,
concerning the quality of materials used to make sonotrodes,
imposed the utilisation of laboratory devices to investigate the
quality of the internal structure of materials, non-destructive
control and the determination of sound propagation speed in
materials. This last parameter is very important in the simulation
program of the sonotrode configuration.

The simulation with specialised program gives the
opportunity to know the working parameters of the sonotrode,
power amplification ratio, location of nodes and antinodes,
amplitude, variation curves of the losses. The form and
dimensions of the interface system with the coupling-booster
elements or piezoelectric converter are defined.

Figure 2 presents the diagram of the intern loading
condition curve for the sonotrode having two active surfaces

Figura 2. Diagrama curbei de variatie a starii de solicitare interna
a sonotrodei cu doua suprafete active destinata sudarii suntului

Figure 2. Diagram of the intern loading condition curve for
the sonotrode with two active surfaces for shunt welding

intended for the shunt welding, resulted from the used
simulation program.
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variatie a starii de solicitare internd a sonotrodei cu doua
suprafete active destinatd sudarii suntului, rezultat din
programul de simulare utilizat. Calibrarea finald are in vedere
un stand experimental de masurare format dintr-un generator
de semnal si un osciloscop cu memorie .

Suprafete reperelor distincte au fost pregatite pentru
sudare, suprafete decapate chimic, suprafete fara asperitati.
Investigatiile s-au realizat prin analize micromacro structurale
urmarind microstructurile in zona inflentata termic si in
materialul de baza.

Pentru aplicatiile de sudare cu ultrasunete in programele
experimentale s-au realizat dispozitivari specifice care au
operat in interfata cu echipament de sudare materiale metalice
EUS —MO01 produs la ISIM Timisoara.

Lucrarea cuprinde descrierea a doua cazuri reprezentative,
de imbinare prin ultrasunete a cuplurilor de materiale, cupru/
cupru fard acoperiri de protectie respectiv sudarea cu
ultrasunete a reperelor distincte din structura unui sunt
realizate in varianta cu protectie climatica din cupru nichelat.

2.1. Studiu de caz 1. Sudarea cu ultrasunete cupru
1,5 mm pe suport de cupru 1,5 mm

Programul experimental a urmarit determinarea unui regim
tehnologic corespunzator realizdrii imbinarii suntului din
manganind cu terminale din cupru sudat cu ultrasunete pe
suport din cupru. Caracteristicile de proces, parametrii
tehnologici, materialele la sudare si elementele definitorii ale
sonotrodei si dispozitivarii la sudare sunt prezentate in
tabelele 1.1..1.3. in imaginile din figura 3 sunt prezentate

The final calibration will be made on an experimental stand
for measurements, consisting in a signal generator and an
oscilloscope with memory.

The surfaces of the distinct parts have been prepared for
welding, chemical pickled surfaces, no roughness surfaces.
Investigations were nade by micro-macro structural analyses
watching the microstructures in the heat affected zone and in
the base metal.

For the ultrasonic welding applications within the
experimental programs specific devices were made which
operated on the interface with the metallic material welding
equipment EUS-MO1produced by ISIM Timisoara.

The paper describes two representative cases: welded
joints in the copper/copper couple materials and welding
distinct parts in the shunt structure made out of chromed
copper.

2.1. Case study 1. Ultrasonic welding copper 1.5 mm on
the 1.5 mm copper support

The experiments aimed to establish a technological regime
for the ultrasonic welding of the manganin shunt with copper
terminals on the copper support. The process characteristics,
technological parameters, welding materials and defining
elements of the sonotrode and positioning are presented in
tables 1.1...1.3. In figure 3 samples of ultrasonic welding
materials and macrographies of parts made out of copper are
presented.

Microhardness VICKERS HV 0.2 tests were carried out on
the welded samples according to STAS 492/2-85. Indentation

Tabelul 1.1. Parametrii tehnologici/Table 1.1. Technological parameters

Timpul de sudare/ Energia la sudare/ Fs/Pn Suprafata activa/ Forta specifica/
Welding time Welding energy Active surface Specific force
[ms] [%] [N/ bar] [mm?] [N/ mm?
170 80 1558 /5 50 31
Tabelul 1.2. Materiale la sudare/Table 1.2. Welding materials
Material/ Grosimea/ | Rugozitate/ Starea suprafetei/ Pozitie la sudare/
Material Thickness Roughness Surface condition Welding position
Cu99,5 1,5 3,2 Degresat chimic/Pickled Tn contact cu nicovala In contact with the anvil
Cu 99,5 1,5 3,2 Degresat chimic/Pickled In contact cu sonotroda//n contact with the sonotrode
Tabelul 1.3/Table 1.3
Suprafata activa/Active surface
[mm?]
Sonotroda/Sonotrode OLC45 100
Nicovala/Anvil OLC45 800
Tabelul 1.4. Valorile microduritatii/Table 1.4. Microhardness values (HV0,2)
MB 1/ MB/BM 110 110 103
BM 1 ZITIHAZ 127 110 107
MB 2/ MB/BM 114 103 107
BM 2 ZITIHAZ 100 93,4 107

Eroarea relativa de justete/Accuracy relative error E = +/- 3%. Eroare relativa de fidelitate/ Fidelity relative error Eg = +/- 4%

detaliat mostre de materiale sudate cu ultrasunete si macrografii
asupra imbinarilor realizate cu ultrasunete pe repere distincte
din cupru.

Asupra imbinarilor sudate s-au efectuat incercari de
microduritate VICKERS HV 0,2, conform STAS 492/2 — 85.
Schema de amplasare a amprentelor de duritate este conform
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location scheme is illustrated in the figure included in table 4,
and the results are presented in table 1.4.

Results and interpretation

The image analysis II a, figure 3, evinces an homogeneous
joint between the two parts, characterized by an o structure
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figurii din tabelul 1.4, iar rezultatele incercarilor sunt trecute
in tabelul 1.4.

Rezultate si interpretari

Analiza imaginii Ila, din figura 3, evidentiazd in zona
prelevatd o imbinare omogena intre cele doua repere,

Figura 3. Imbinare sudata cu ultrasunete I si
macrografia imbinarii I1
Figure 3. Ultrasonic welded joint I and
the joint macrography 11

caracterizatd de o structurd dendriticd de solutie solidd o
bogata in cupru, deformata perpendicular pe directia de
apasare [4]. Imbindrile intre cele doua repere sunt de tip insu-
lar evidentiate in imaginea din figura 4.

Cresterea dimensiunii suprafetelor de imbinare de tip insu-
lar la acelasi cuplu de grosimi de piese, 1,5 +1,5 mm, in conditii
similare si acelasi tip de sonotoda este posibila prin cresterea
energiei la sudare, respectiv al timpului de sudare

Analiza microduritatilor din tabelul 1.4, evidentiaza in zona
influentata ZIT1, respectiv ZIT2 o crestere a valorii microdu-
ritdtilor, explicabild prin structura dendritica deformata per-
pendicular pe directia de apasare.

In zona I1 b, macrografia din figura 3, evidentiazi o structura
in MB, solutie 0. bogata in cupru cu graunti maclati, poliedrici.
Marimea grauntelui mediu MG, este definitd de diametrul
mediu de 0,090 mm, conform SR ISO 2624 —90.

2.2. Studiu de caz 2. Sudarea cu ultrasunete cupru
nichelat 1,5mm pe suport de cupru nichelat 1,5mm

Experimentarile s-au derulat pe echipamentul de sudare
EUS - MO01, dispozitivat specific pentru sudarea suntului,
interfatat cu resursa energetica ultraacustica de 3000W/20kHz.
Caracteristicile de proces, parametrii tehnologici, materialele
la sudare si elementele definitorii ale sonotrodei si dispozitivarii
la sudare sunt prezentate in tabelele 2.1...2.3.

In imaginile din figura 5 sunt prezentate detaliat mostra de
materiale sudat cu ultrasunete sunt si macrografii asupra
imbinarilor realizate cu ultrasunete pe repere distincte din
cupru nichelat.

Asupra imbinarilor sudate s-au efectuat incercari de
microduritate VICKERS HV 0,2, conform STAS 492/2 — 85.
Schema de amplasare a amprentelor de duritate este conform
figurii din tabelul 2.4, iar rezultatele incercarilor sunt trecute
in tabelul 2.4.

Rezultate si interpretiri

Analiza imaginii II, din figura 5, evidentiaza in zona
prelevata a imbinarii ZIT1, ZIT2, o imbinare eterogena intre

copper rich solid solution, dendritic structure deformed
perpendicularly on the pressing direction [4]. The welded joints
between the two parts are island type, evinced by the image
in the figure 4.

The increase of the island type joint surfaces for the couple
of pieces having the same thickness 1.5-1.5 mm is possible, in

Figura 4. Imbindri de tip insular

Figure 4. Island type joints

similar conditions and using the same type of sonotrode, by
increasing the energy input, implicitly the welding time.

The analysis in table 1.4 on the microhardness values,
evinces an increase of microhardness in HAZ 1 and in HAZ 2
respectively, which can be explained by the dendritic structure
deformed perpendicularly on the pressing direction.

In area II b, figure 3, the macrography evinces the weld
metal structure, an o copper rich solution with macle grains,
polyhedral. The average grain size MG, is defined by the
medium diameter 0.09 mm, according to ISO 2624 - 90.

2.2. Case study 2. Ultrasonic welding of chromate copper
1.5 mm on the 1.5 mm nickel coated copper support

Experiments were performed on the welding equipment
EUS - M01, positioned for the shunt welding, interfaced with
the power supply 3000 W / 20kHz. The process characteristics,
technological parameters, welding materials and defining
elements of the sonotrode and positioning during welding
are presented in tables 2.1...2.3.

Figure 5 presents, in detail the ultrasonic welded sample
shunt and macrographs of the joints made with ultrasounds
on distinct parts made out of chromate copper.

Microhardness VICKERS HV 0.2 tests were carried out on
the welded samples according to STAS 492/2-85. The
indentation location scheme is illustrated in the figure included
in table 2.4, and the results are presented in table 2.4.

Results and interpretation

The analysis of the image II, figure 5, evinces in HAZ 1,
HAZ 2, a heterogeneous joint between the two parts and a
chrome barrier interposed, having the effect to diminish the
diffusion and auto-diffusion phenomenon and to decrease
the mechanical resistance of the joint.

A close-grained structure of solid solution o, dendritic
deformed perpendicularly on the pressing direction of the
sonotrode is evinced. The welded joints between the two
parts are island type, spot and longitudinal, evinced in
figure 6. A high deformation of the geometry of the part a is
noticed.
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Tabelul 2.1. Parametrii tehnologici/Table 2.1. Technological parameters

Timpul de sudare/ Energia la sudare/ Fs/Pn Suprafata activa/ Forta specifica/
Welding time Welding energy Active surface Specific force
[ms] [%] [N / bar] [mm?] [N/ mm?]
250 65 1558 /5 36 31
Tabelul 2.2. Materiale la sudare/Table 2.2. Welding materials
Material/ Grosimea/ Rugozitate/ Starea suprafetei/ Pozitie la sudare/
Material Thickness Roughness Surface condition Welding position
Cu99,5 nichelat/ 15 39 Degresat chimic/ in contact cu nicovala/
Nickel coated Cu99.5 ’ ’ Pickled In contact with the anvil
Cu99,5 nichelat/ 25 32 Degresat chimic/ in contact cu sonotroda/
Nickel coated Cu99.5 ’ ’ Pickled In contact with the sonotrode
Tabelul 2.3/Table 2.3
Suprafata activa/Active surface
[mm?]
Sonotroda/Sonotrode OLC45 100
Nicovala/Anvil OLC45 1800
Tabelul 2.4. Vaorile microduritatii/Table 2.4. Microhardness values (HV0,2)
MB 1/ MB/BM 85,1 82,6 90,6
BM 1 ZITIHAZ 100 87,8 93,4
MB 2/ MB/BM 107 114 110
BM 2 ZIT/IHAZ 96,5 93,4 96,5

Eroarea relativa de justete/Accuracy relative error E = +/- 3%. Eroare relativa de fidelitate/ Fidelity relative error Er = +/- 4%

Figura 5. Imbinare sudata cu ultrasunete I si
macrografia imbinarii I
Figure 5. Ultrasonic welded joint I and
the joint macrography 11

cele doua repere, interpunandu-se o bariera de crom, cu efect
de diminuare a fenomenului de difuzie si autodifuzie, si de
scadere a performantei rezistentei mecanice a imbinarii. Este
evidentiata o structura densa de solutie solida o dendritica,
deformata perpendicular pe directia de apasare a sonotrodei.
Imbinarile dintre cele doud repere sunt de tip insular punctuale
si longiline, evidentiate in imaginea din figura 6, rezultata in
urma probei de incercare la debutonare [4]. Se remarca
puternica deformare a geometriei reperului a.
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Figura 6. Imbiniri de tip insular punctuale si longiline

Figure 6. Island type, spot and longitudinal joints

The increase of the joint surfaces is possible by increasing
the energy input, implicitly the welding time, with powerful
indentation and deformation, or through the elimination of
the chrome layer at the interface of components by mechanical
abrasion.

In area I, figure 5, macrography evinces the weld metal
structure, an o copper rich solution with macle grains,
polyhedral. In BM1, the average grain size MG, is defined by
the medium diameter 0.050 mm, according to ISO 2624 - 90. In
BM2, the average grain size MG, has the medium diameter
0.060 mm, according to ISO 2624 - 90.

The analysis in table 2.4 on the microhardness values,
evinces an increase of microhardness HV 0.2 in HAZ 1 and in
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Cresterea dimensiunii suprafetelor de imbinare este posibild
prin marirea energiei la sudare (timpul de sudare), cu
amprentare si deformare puternica, sau prin eliminarea peliculei
de crom de la interfata pieselor la sudare printr-o operatie de
abraziune mecanica.

In zona II, macrografia din figura 5, evidentiazi o structura
in MB, solutie o bogata in cupru cu graunti maclati, poliedrici.
Marimea grauntelui mediu MG, este definitd de diametrul
mediu 0,050 mm, conform SR ISO 2624 — 90 in MBI1. In MB2,
marimea grauntelui mediu MG, are diametrul mediu 0,060 mm,
conform SR ISO 2624 —90.

Analiza microduritatilor din tabelul 2.4, evidentiaza in zona
influentata ZIT1si ZIT2 o crestere a valorii microduritatilor
HVO0,2max. = 114, explicabila prin structura dendritica
deformata perpendicular pe directia de apasare a sonotrodei.

Procesul de sudare a cuprului cu acoperiri de protectie
metalice, este similar sudarii cu ultrasunete a cuprului cu
acoperiri prin lacuri izolatoare de protectie [5]; in prima faza a
procesului pelicula de lac protector este indepartata, permitand
difuzarea cuprului la interfata pieselor si realizarea imbinarii
sudate.

Analiza reperelor debutonate evidentiaza ca imbinarea
reperelor s-a realizat in zone si suprafete in care bariera de
crom peliculara a fost indepartata din interfata prin efectul de
microfrecare si plastifiere ultraacustica, fenomen care impune
o energie la sudare marita in comparatie cu sudarea reperelor
din cupru fard acoperire de protectie (protectie climaticad a
reperelor singulare) [4].

Rezultatele obtinute in cadrul programului experimental au
permis elaborarea unei tehnologii de imbinare cu ultrasunete
robusta de mare productivitate a materialelor neferoase din
familia cuprului destinatd unei aplicatii punctuale in realizarea
fabricatiei de aparatura specifica in industria electrotehnica.

Sudarea cu ultrasunete a acestor componente a inlocuit
procedeul de lipire utilizat anterior. Procedeul este aplicat in
premiera in tara noastra. Se estimeaza la o fabricatie industriala
de sunturi electrice, prin utilizarea tehnologiilor alternative
de sudare cu ultrasunete comparativ cu tehnologiile de
imbinare clasice de lipire, realizarea de importante economii
de gaze combustibile, materiale de adaos si produse chimice
de decapare, precum si efecte deosebit de benefice asupra
mediului de lucru, prin reducerea si eliminarea noxelor (bioxid
de carbon, reziduuri de clor si flor).

Productivitatea si calitatea obtinutd prin sudarea cu
ultrasunete sunt net superioare tehnologiilor clasice de lipire.
La o cadenta estimata de cca. 240 repere sudate/ora, procedeul
de sudare cu ultrasunete a materialelor metalice se incadreaza
in categoria procedeelor de sudare rapida caracterizata prin:

¢ simplitate;
e implicare minima in proces a factorului uman;
* pretare usoara la automatizare;

e productivitate ridicata, deci favorabila productiei de
serie;

* aplicabilitate atat la suduri omogene cat si la cele
eterogene;

e sudare fara material de adaos.
3. Concluzii

Tinand cont de avantajele incontestabile ale sudarii cu
ultrasunete in comparatie cu alte procedee de sudare se

HAZ 2, maximum 114, which can be explained by the dendritic
structure deformed perpendicularly on the pressing direction
of the sonotrode.

The welding process of the copper with metallic coating is
similar to the ultrasonic welding of copper with insulating
paint coating [5], in the first stage of the process the insulating
paint film is removed, allowing the copper diffusion at the
interface of parts and the achievement of the welded joint.

The analysis of parts evinces the fact that the joining was
performed in areas and surfaces where the chrome barrier
was removed from the interface by the micro-friction and ultra-
acoustic softening effect, a phenomenon which imposes an
increased welding energy as compared with that used in
copper parts welding without protection coating (climatic
protection of singular parts) [4].

Results obtained within the experimental program led to
the elaboration of a robust ultrasonic joining technology of
great productivity of non-ferrous materials of the copper
family, meant for an application which goal is the fabrication
of specific electrotechnique devices.

The ultrasonic welding of these parts replaced the brazing
process used before. The process is applied for the first time
in our country. It is estimated a great saving of gases, filler
materials and chemical pickling products, as well as special
benefic effects on the working environment by reducing and
eliminating the noxes (CO,, chloride and flour residue) in the
industrial fabrication of electric shunts by using the alternative
ultrasonic welding technologies compared with the classical
brazing joining technologies.

The productivity and the quality obtained by the ultrasonic
welding are superior to the classical brazing technologies.
For a frequency of 240 welded parts per hour, the ultrasonic
welding process of metallic materials is classified as a high
speed welding process, characterised by:

¢ simplicity;
* minimal implication of the human factor in the process;
® casy to automate;

* high productivity, so it is favorable to the series
production;

e can be used both for homogenous and heterogeneous
welds;

* welding without filler materials

3. Conclusions

Taking into consideration the remarkable advantages of
ultrasonic welding, compared with other welding processes,
it can be estimated that in the future this process will be also
in the attention of the researchers and industrial users. A
continuous improvement of technologies and equipment and
an enlargement of application fields of the process represent
a goal for the future. The application of the ultrasonic welding
process on a large scale in electrotechnics, automobile industry,
measuring and control apparata, medical devices etc., as
alternative technologies to the brazing technologies, will have
substantial benefic effects in reducing the environment
pollution level.

The accommodation to the European norms, as well as to a
competitor economical environment, will have positive impacts
in the retehnologisation effort of the industrial branches

bid



Sudare cu ultrasunete

estimeaza cd si in viitor acest procedeu va sta in atentia
cercetatorilor si a utilizatorilor industriali, preconizandu-se o
continud perfectionare a tehnologiilor si echipamentelor de
sudare cat si o largire a sferei domeniilor de aplicare a
procedeului.

Aplicarea procedeelor de sudare cu ultrasunete pe scara
larga 1n industria electrotehnica, industria de autovehicule, a
aparatelor de masura si control, aparaturd medicala etc., ca
tehnologii alternative la tehnologiile de imbinare prin lipire,
vor avea efecte benefice substantiale la nivelul reducerii
poluarii mediului.

Acomodarea la normele europene, precum si la un mediu
economic concurential, va avea urmari pozitive in efortul de
retehnologizare in ramuri industriale cu activitati specifice in
domeniul executiei de componente si produse care inglobeaza
tehnologii de imbinare moderne.

In baza celor prezentate mai sus, rezultd in mod evident ca
procedeele de sudare cu ultrasunete au un caracter strategic
major, deoarece permit economisirea de materiale scumpe sau
deficitare (aur, argint, staniu, cositor), realizarea de imbinari
care nu pot fi obtinute din punct de vedere calitativ prin alte
procedee.

having specific products execution which include modern
joining technologies.

On the basis of those presented above, there results that
the ultrasonic welding processes have a major strategic
character, as they are saving expensive or deficit materials
(gold, silver, tin), the performing of joints that can not be
obtained from the qualitatively point of view by other
processes.
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