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Cuvinte cheie

Sudare prin frecare cu element activ rotitor in puncte, sudare
prin frecare in puncte,sudare prin frecare cu element activ rotitor.

1. Introducere

Sudarea prin frecare cu element activ rotitor (FSW) este un
procedeu de imbinare in stare solida, fara atingerea punctului
de topire a materialului de baza in timpul derulérii procesului de
realizare a imbinarii. Procedeul a fost dezvoltat si brevetat de
TWIin 1991 [1] si constituie in prezent subiectul unei dezvoltari
rapide cu aplicabilitate in intreaga lume [2]. FSW se bazeaza in
primul rand pe incélzirea prin frecare si deformarea plasticéd a
pieselor de sudat, produsé la interactiunea dintre o unealtd
rotativa neconsumabila si interfata suprafetelor de imbinat.

FSW prezinta avantaje fatd de tehnologiile de sudare prin
topire: nu necesita tratament termic postsudare, rezistenta ridicata
la oboseald si posibilitatea de a se realiza imbinari din aliaje
disimilare. Majoritatea acestor avantaje sunt datorate reducerii
cantitatii de céldurd introduse in proces, care are o influentd
semnificativa asupra distorsiunilor pieselor de sudat. Mai mult
decat atat, absenta topirii minimizeaza porozitatea si fisurarea la
cald, probleme care apar la sudarea prin topire a aluminiului.
Printre dezavantaje ale FSW pot fi mentionate viteza de sudare
scazuta, gaura de cheie care apare dupa fiecare retragere a uneltei,
necesitatea unor forte transversale si de coborare semnificative,
precum si strangerea rigida a componentelor [2].

Domeniul de componente si materiale pentru care poate fi
utilizatd sudarea FSW este In continud expansiune si procedeul
a devenit rapid o tehnologie industriald importanta. Cu toate
acestea, nu este intotdeauna necesara o sudura continua pentru
a indeplini cerintele de performanta ale produsului. Tehnicile
de sudare in puncte sunt procedee alternative la aplicatii unde
este necesard o rezistentd mai mica, materialul este subtire, iar
componentele sunt profilate.

Tehnologiile de sudare 1n puncte care au la baza frecarea sunt
metode de mbinare in stare solida derivate din FSW prin care se
produc imbinéri in puncte fara topirea materialului de baza [3-23].

In prezent cele mai multe imbiniri in puncte pentru componente
de structura din industria auto si aeronautica sunt realizate prin
metode mecanice (nituire), sau prin tehnici conventionale de
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1. Introduction

Friction stir welding (FSW) is a solid state joining process
i.e. no bulk melting of the base material occurs during joining
which was developed and patented by TWIin 1991 [1] and is
currently the subject of rapid development and application
across the world [2]. FSW essentially relies on frictional heating
and plastic deformation of the workpieces produced by the
interaction of a non consumable rotating tool with that of the
interfacing surfaces to be joined.

FSW provides advantages over fusion welding techniques such
as no need for post-weld heat treatment, high fatigue strengths
and the ability to join dissimilar alloys. Most of these advantages
can be attributed to the reduced level of heat input, which has a
significant influence on workpiece distortion. Moreover, the
absence of melting minimizes porosity and hot cracking, problems
that have been shown to occur when fusion welding aluminium.
Concerning the disadvantages of FSW it can be mentioned the
lower welding speed, key-hole left after tool removal, significant
traversing and down forces demanded and rigid clamping [2].

The range of components and materials for which FSW can
be used is expanding continuously and process has quickly
become a significant industrial technology. However, a
continuous weld is not always necessary to meet the product
performance requirements. Spot welding techniques are
alternative processes in such applications where less strength
is required, material is thin and parts are highly contoured.

Friction based spot welding technologies are solid-state
joining methods derived from FSW that produce spot-like
connections without bulk melting [3-23]. Currently most spot-
like joints for structural components in the automotive and
aeronautic industries are made either by mechanically fastening
(clinching, riveting, self-piercing rivet - SPR) or by conventional
fusion welding techniques (mainly resistance spot welding-
RSW) as well as other processes such as weld-bonding [24-27].
Mechanical fastening suffers from a weight penalty, difficulty
of automation, requirement for sealants and corrosion problems.
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sudare prin topire (in special sudare prin rezistentd in puncte -
RSW), precum si alte procedee de imbinare prin sudare [24-27].

Imbinarile mecanice prezinta incoveniente datorita masei
suplimentare a elementelor de asamblare, dificultdtilor de
automatizare, cerintelor pentru etanseitate si problemelor la
coroziune. RSW si sudarea laser in puncte prezinta probleme in
special la sudarea aliajelor de Al de mare rezistentd datorita
stratului de oxid/hidroxid si a hidrogenului dizolvat (este
necesara curdtirea chimica, care determind afectarea mediului
inconjurator si aplicarea poate fi limitata la structuri relativ mici).
Un alt dezavantaj important consta in faptul ca sudarea aliajelor
de Al prin procedeul de sudare electrica prin rezistenta in puncte,
conduce la costuri de operare mai mari datoritd conductivitatii
electrice si termice ridicate ce determina un consum mai mare
de energie, apare necesitatea unor sisteme electrice de capaci-
tate mare si infrastructura aferenta [15-17].

Se remarca o scadere a duratei de viata a electrodului, care
determina o scadere a calitatii suprafetei sudate si a proprietatilor
mecanice [27]. De aceea, tehnicile de imbinare prin frecare in
puncte prezinta o alternativa de inlocuire a imbinarilor mecanice
si sudare 1n puncte prin topire.

2. Tehnologii de sudare prin frecare in puncte

Exista doua tehnici principale de imbinare in puncte in stare
solida: FSpW brevetat de centrul de cercetare GKSS [3] si FSSW
brevetat de Mazda Corporation [4]. Au fost dezvoltate variante
ale FSSW cum sunt FSSW cu translatia uneltei (FSSW/cusatura
si FSSW/pendulare) [5,18] si cu miscare circulara a uneltei
(FSSW/octaedru si FSSW/circular) [6,7].

Utilizarea acestor tehnologii determind obtinerea de imbinari
fara defecte si cu rezistenta ridicata (nu sunt necesare materiale
de adaos sau elemente de imbinare). Aceste tehnologii sunt
caracterizate prin: eficientd din punct de vedere al consumului
de energie, reducerea etapelor de lucru, nu este necesar
tratament termic postsudare, calitate buna a imbindrii, ciclu de
sudare scurt, usor de automatizat si de monitorizat, fiind
ecologice,compatibile cu mediul inconjurator (fard emanatii de
noxe sau radiatii) [3-21].

2.1. Sudarea prin frecare cu element activ rotitor in puncte
(FSSW)

Procedeul de sudare FSSW este o varianta a procedeului
FSW in care unealta nu are miscare de avans longitudinal,
imbinarea fiind realizata prin plonjarea si retragerea uneltei de
sudare in/din tablele suprapuse. Recristalizarea dinamica a
materialului care apare in timpul operatiei de sudare in puncte
faciliteazd formarea imbinarii intre tablele aflate in contact
(adancitura cauzata de gaura de cheie ramane pe linia centrului
sudurii). Procesul FSSW se desfasoara in trei etape (figura 1).
In timpul primei etape (figura 1a) unealta este rotita cu o viteza
de rotatie prestabilitd. Cand aceastd viteza de rotatie este atinsa
elementul activ rotitor este plonjat in materialul de sudat si are
loc ,,agitarea” materialului (fara deplasare longitudinald);
caldura generata prin frecare inmoaie materialul determinand
curgerea materialului, figura 1b. Cand este atinsa valoarea
specificata a adancimii de patrundere, unealta este retrasa si in
centrul sudurii riméne o gaura de cheie, figura lc. Intre fazele
b si ¢ poate fi utilizat un timp de oprire. Se formeaza o zona de
agitare a materialului, de forma inelara sau toroidala, la interfata
intre tabla superioara si cea inferioara.
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RSW and laser spot welding have problems especially in the
welding of high strength aluminium alloys due to the oxide/
hydroxide layer and dissolved hydrogen (chemical cleaning
processes are required with their environmental problems and
can limit the applications to relatively small structures). Another
important disadvantage regarding welding of aluminium alloys
is that in electric RSW, the reported operating costs are higher
due to high electrical and thermal conductivities leading to
higher energy consumption, necessitating high capacity
electrical systems and associated infrastructure [15-17].
Furthermore, there is a reduction in electrode tip life, which in
turn imparts a decrease in weld surface quality resulting in poor
mechanical behaviour [27]. Therefore, friction based spot
techniques present potential for replacing the mentioned
mechanical fastening and fusion based spot welding.

2. Friction based spot welding technologies

There are currently two main solid-state friction spot
connection techniques: FSpW patented by GKSS Research
Centre [3] and FSSW patented by Mazda Corporation [4].
Furthermore, FSSW variations have been developed such as
FSSW with tool translation (FSSW/stitch and FSSW/swing)
[5,18] and with tool circular motion (FSSW/octaspot and FSSW/
squircle) [6,7].

These technologies are characterised by defect-free joints
with high strength (no additional material or joining elements
are required). Moreover, they present high energy efficiency,
reduced process steps, no post welding heat treatment, good
surface quality, short welding cycle, ease of automation and
monitoring, as well as environmental compatibility [3-21].

2.1. Friction Stir Spot Welding (FSSW)

The FSSW process is a variant of the FSW technique in
which the tool is not traversed and instead creates the joint by
plunging into and retracting out of the overlapping sheets.
Dynamically recrystallised material formed during spot welding
operation facilitates joint formation between contacting sheets
(keyhole depression remains at the weld centreline). The FSSW
process is divided into three steps (Fig. 1). During the first stage
(Fig 1a) the tool is rotated to a predetermined rotational speed.
When this rotational speed is achieved the spinning tool is
plunged and stirred (no traversing movement); frictional heat
softens the material resulting in metal flow, Fig. 1b. When a

=y W

g a) g b) g c)
1 - rotatie/ rotation 2 - umar unealta/ shoulder pin
3 - incarcare/ loading
Figura 1. Reprezentarea schematica a procesului FSSW: (a) rotirea
uneltei, (b) plonjare si agitare, (¢) indepértare unealta/

Figure 1. Schematic representation of FSSW process:
(a) tool rotation, (b) plunging and stirring, (c) tool removal

specified tool plunge depth is reached the tool is retracted and
akeyhole is left in weld centre, Fig. 1c. A dwell time may also be
used between stages b and c. A toroidal or annular stirred zone
is formed at the faying surface between upper and lower sheets.
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In conformitate cu Su s.a [19], energia eliberati in procesul
FSSW este determinata de forta axiald, addncimea de patrundere,
viteza de rotatie a uneltei si moment, si are o valoare rezultanta
(datorita momentului) de cca.200 de ori mai mare decéat cea
datorita patrunderii uneltei.

Mai mult, in concordantd cu Gerlich s.a.[11], procesul de
patrundere a uneltei determina in mod esential generarea de
céldura, formarea materialului plastifiat in jurul elementului activ
rotitor, formarea Imbindrii §i proprietatile mecanice ale sudurii.
Densitatea de putere este extrem de mare in timpul operatiei de
sudare in puncte (in jur de 10'° W/m?), gradientul de
temperaturd este cuprins intre 200°C/s to 400°C/s si in timpul
ciclului de sudare se formeaza o zona de amestec a materialului
cu microstructura recristalizatd cu granulatie fina ( de obicei In
mai putin de 5 secunde) [13].

FSSW utilizeaza o unealta similara cu cea de la sudarea liniara
FSW, cu un element activ rotitor, care este utilizat pentru a
patrunde in material $i un umar care este utilizat pentru a genera
caldura prin frecare si pentru a dispersa materialul in zona de
amestec. Forma umarului controleaza curgerea materialului in
jurul elementului activ rotitor si al umarului uneltei de sudare
[20]. Elementul activ rotitor si uméarul uneltei de sudare au roluri
diferite in timpul procesului de sudare FSSW, umarul uneltei
vine in contact cu suprafata superioara a tablei destul de tarziu
in procesul de sudare in puncte, abia dupa ce elementul activ
rotitor a strapuns complet tabla superioard si a inceput sa
strapunga si tabla inferioara. In concordantd cu Gerlich s.a.
[11], umarul uneltei incepe sa aiba un rol important in operatia
de imbinare cand materialul extrudat din gaura de cheie se afla
intre suprafata tablei superioare si umarul uneltei de sudare.
Din acest moment umarul uneltei de sudare are rol de incélzire
prin frecare dar si de comprimare a materialului, care faciliteaza
formarea imbinarii intre doua table aflate in contact.

Curgerea materialului la procedeul FSSW a fost amplu
cercetatd de Su s.a [20] care aratd ca materialul tablei superioare
ar o miscare descendenta spre tabla inferioara atunci cand un
strat al materialului tablei superioare este impins inainte de varful
elementului activ rotitor, cdind materialul tablei superioare este
prins la baza elementului activ rotitor, si cand se formeaza un
strat aderent al materialului tablei superioare pe circumferinta
elementului activ rotitor la sudarea FSSW utilizand un element
activ rotitor cilindric (figura 2 - sudare FSSW materiale disimilare
AS5754 / AA 6111). Materialul tablei inferioare este deplasat
ascendent si spre exterior in miscare spirala atunci cand elementul
activ rotitor formeaza gaura de cheie. In timpul sudarii FSSW se
produc doud zone ale curgerii materialului: zona de curgere
interioara, foarte aproape de circumferinta elementului activ
rotitor, unde materialul tablei superioare se deplaseaza descend-
ent in sens antiorar cu elementul activ rotitor, precum si zona de
curgere exterioara unde materialul tablei inferioare se deplaseaza
ascendent si in exterior cu 0 migcare in spirala.

In figura 3 este prezentatd o imbinare sudati FSSW unde se
pot vedea zonele imbinarii sudate, iar in figura 4 este prezentata
o macrografie 1n sectiune transversala. Pe baza particularitatilor
microstructurale pot fi identificate trei zone: zona de amestec
(ZA), zona influentatd termomecanic (ZITM) si zona influentata
termic (ZIT). Ca si la FSW, modificarile microstructurale care
apar 1n interiorul acestor zone au un efect important asupra
proprietatilor mecanice ale imbinarii. in zona de amestec sunt
graunti fini si echiaxiali, datoritd recristalizarii dinamice determi-
nate de gradul mare de deformare plastica si de temperatura la

According to Su et al [19] the energy delivered in FSSW is
determined by the axial force, penetration depth, tool rotation
speed and torque, with the contribution resulting from tool rotation
(from torque) being around 200 times higher than that due to tool
penetration. Furthermore, according to Gerlich et al [ 11], the process
of tool penetration essentially determines heat generation,
plasticized material formation around the rotating pin, joint formation
and weld mechanical properties. The power density is extremely
high during the spot welding operation (around 10'® W/m®), the
heating rates range from 200°C/s to 400°C/s and a fine-grained
recrystallised stir zone microstructure is formed during a welding
cycle (typically less than 5 seconds) [13].

FSSW utilizes a tool similar to that used during linear FSW.
A probing pin, which is used to penetrate into the specimen, and
a shoulder, which is used to generate frictional heat and spreads
the metal in the stir zone. The shape of the shoulder controls the
material flow around the pin and shoulder [20]. Pin and shoulder
regions play quite different roles during FSSW since the tool
shoulder comes into contact with the upper sheet surface late in
the spot welding operation and only after the rotating pin has
completely penetrated the upper sheet and begun the penetrate
the lower sheet. According to Gerlich et al [11], the tool shoulder
only begins to play an important role in the joining operation
when material extruded from the keyhole becomes trapped
between the surface of the upper sheet and the tool shoulder.
From this point onward the tool shoulder provides both frictional
heating and compressive loading, which facilitates joint formation
between the two contacting sheet materials.

Material flow in FSSW has been extensively investigated by
Su et al [20] showing that upper sheet material is moved down-
wards into the lower sheet when a layer of upper sheet material
is pushed ahead at the tip of the rotating pin, when upper sheet
material becomes trapped at the root of the pin thread, and
when an adhering layer of upper sheet material forms at the pin

aderat

Figura 2. Miscarea descendentd a stratului aderent al tablei
superioare (AA 5754) odata cu rotirea elementului activ
rotitor cilindric, precum si patrunderea in materialul
tablei inferioare AA6111/

Figure 2. Movement of adhering layer of upper sheet material
(AA5754) downwards with rotating pin (smooth) as it penetrates
into lower AA6111 sheet [20]

periphery during spot welding using a smooth pin (Fig. 2, dis-
similar AA5754/AA6111 spot welding). Lower sheet material is
displaced upwards and outwards in a spiral motion when the
rotating pin forms the keyhole. Two distinct zones of material
flow are produced during friction stir spot welding: an inner
flow zone close to the pin periphery where upper sheet material
moves downwards in an anticlockwise direction with the rotat-
ing pin; and an outer flow zone where lower sheet material
moves upwards and outwards in a spiral motion.

Figure 3 presents a schematic illustration of a FSSW joint
where it can be seen different welding regions; while Fig. 4
presents a cross-sectional macrograph of a FSSW joint. Based
on microstructural features three welding regions can be iden-
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care ajunge materialul datorita rotirii si plonjarii uneltei de sudare.
ZITM este o zona a imbinarii in care grauntii sunt puternic
deformati si temperatura atinsd nu este suficientd pentru ca
recristalizarea si se produca. In ZIT nu sunt modificari mecanice,
temperatura are doar efect extern asupra microstructurii.

ZAISZ

// ZITMITMAZ

Figura 3. Prezentarea schematica a zonelor imbinarii
sudate FSSW: ZA, ZITM si ZIT/
Figure 3. Schematic illustration of microstructural
welding regions in FSSW: SZ, TMAZ and HAZ

=
§ Material de PSSR
H baza/ r‘L_g Interfa;

Sheet interfac

| Base materia

Figura 4. Macrografie transversala a unei imbinari FSSW/
Figure 4. FSSW cross-section macrograph.

2.2. Sudarea prin frecare in puncte (FSpW)

Sudarea prin frecare in puncte (FSpW, numita umplere FSSW)
este un proces in stare solida, in care doua sau mai multe table
suprapuse sunt imbinate impreuna. Zona imbinata consta dintr-
un punct de material plastifiat ce formeaza o sudura complet
consolidata si care este la acelasi nivel cu suprafata initiala [21].
Contrar procedeului FSSW, utilizand aceasta tehnica nu raiméane
gaura de cheie dupa terminarea procesului de sudare. Procedeul
FSpW poate fi aplicat utilizand un sistem unealtd din 3 piese,
care contine un inel de strdngere, umar si element activ rotitor.
Fiecare din aceste componente are un sistem separat de actionare
astfel incat sa poata fi deplasate in interiorul / exteriorul imbinarii,
independent una in raport cu cealalta.

Procesul FSpW este impartit in 4 etape, figura 5, si are trei
variante: cu plonjarea umarului, cu plonjarea elementului activ
rotitor si pozitia fixd. Initial, tablele sunt stranse intre placa de
sprijin si capul de sudare FspW; elementul activ rotitor si umarul
incep sd se roteascd producand incélzirea prin frecare a suprafetei
tablei superioare, figura 5 a. Atat elementul activ rotitor cat i umarul
sunt deplasate 1n directie opusa unul fatd de celdlalt (umarul este
plonjat in material in timp de elementul activ rotitor este retras), in
timp ce rotirea se realizeaza in acelasi sens. Dupd atingerea unei
adancimi de patrundere prestabilite, materialul plastifiat este
comprimat intr-un spatiu inelar care este sub elementul activ rotitor
(figura 5 b). Umarul se retrage spre suprafata piesei in timp ce
elementul activ rotitor continua miscarea si impinge materialul
plastifiat tnapoi in piesele de sudat, figura 5 c.

Pentru o mai buna omogenizare a materialului se poate utiliza
si o perioada de mentinere a elementului activ rotitor §i a
umarului, pe imbinarea sudata .

In final, dupa aducerea elementului activ rotitor si a umarului
in acelasi plan, capul de sudare este retras si sudura este finalizata,
figura 5d.
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tified: stir zone (SZ), thermo-mechanically affected zone
(TMAZ) and heat affected zone (HAZ). As in FSW, micro-
structural changes within these zones have significant effect
on the mechanical properties of resultant joints. In the SZ grains
are refined and equiaxed due to dynamic recrystallisation driven
by the high degree of plastic deformation and temperature im-
posed to the material by the rotating and plunging tool. The
TMAZ is a region where the grains are highly deformed and
endured some temperature but not enough for recrystallisation
to take place. In HAZ no mechanical work is found, being the
temperature the only external effect on the microstructure.

2.2. Friction Spot Welding (FSpW)

Friction Spot Welding (FSpW, also called Refill FSSW) is a
solid-phase process, in which two or more sheets are joined
together in lap configuration. The joining region consists of a spot
plasticized material forming a fully consolidated weld that is flush
with the original surface [21]. Contrary to the FSSW process, this
technique leaves no keyhole after completing welding process.

FSpW is performed using a 3-piece tool system comprising
clamp ring, shoulder and pin. Each of these parts is contained
on a separate actuation system such that each can be moved in
and out independently of the other.

The FSpW process is divided into 4 stages, Fig. 5, and has
three variants: shoulder plunge, pin plunge and fixed position.
Initially, sheets are clamped between a backing plate and the
FSpW head; pin and shoulder start to rotate producing frictional
heat on the upper sheet surface, Fig. 5a. Both pin and shoulder
are moved in opposite direction to each other (shoulder is
plunged into the material while pin is retracted) while rotating
in the same direction. After reaching a predetermined shoulder

i 2 3
» |
1 .> j;‘ (

Figura 5. Procesul FSpW (varianta de plonjare a elementului activ
rotitor): (A) rotirea uneltei; (B) plonjarea elementului activ rotitor si
ridicarea umérului;(C) coborarea umérului si retragerea elementului

activ rotitor si (D) indepartarea uneltei/
Figure 5. FSpW process (pin plunge variant): (A) tool rotation,

(B) pin plunging and shoulder moving upwards, (C) shoulder and

pin retraction and (D) tool removal

plunge depth, plastified material is squeezed into an annular
space which is left by the pin (Fig. 5b). The shoulder retracts
back towards the surface of the plate while the pin keeps moving
towards the plate pushing the plastified material that was
originally displaced back into the plate, Fig. Sc. A dwell period
by both pin and shoulder may be used allowing better material
mixing. Finally, after shifting pin and shoulder in the same plane,
head is retracted and weld is completed, Fig. 5d. Assuming no
material loss, the process leaves the hole completely refilled
with minimal or no surface indentation.

Figure 6 presents a cross section macrograph of a FSpW
joint where three welding regions can be seen (as in FSSW) -
SZ, TMAZ and HAZ.
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Procesul de sudare fiind fara pierdere de material, gaura de
cheie este complet umpluta, cu/fara amprente minime pe suprafata.

In figura 6 este prezentata o sectiune transversald printr-o
imbinare FSpW unde se pot observa ca si la FSSW cele trei
zone ZA, ZITM 51 ZIT.

Figura 6. Sectiune transversald printr-o sudurd FSpW /
Figure 6. FSpW cross section macrograph

Muci-Kuchler s.a. [22], precum si Itapu si Muci-Kuchler [23]
au investigat curgerea la FSpW utilizand examinarea metalurgica
si modelarea numerica. Pentru examinarea metalurgica [22] au
fost realizate teste de plonjare. figura 7 arata ca in timpul plonjarii
complete a elementului activ rotitor (figura 7 b), materialul
incearcd sa curgd vertical ascendent pe masura ce elementul

activ rotitor plonjeaza in materialul tablei, figura 7 a.

Figura 7. Examinarea metalografica a curgerii materialului in
timpul testelor de plonjare la FSpW, (a) plonjare copleta a
elementului activ rotitor, (b) retragerea umarului si a
elementului activ rotitor (perioada de mentinere)/

Figure 7. Metallographical examination of the material flow during
plunge tests in FSpW. (a) full pin plunge. (b) shoulder and pin
retraction (dwell period).

La retragerea incompletd a umarului, scaderea dimensiunii
gaurii de cheie indica faptul ca materialul curge inapoi in spatiul
ramas gol dupa retragerea elementului activ rotitor, iar in
figura 7 b) se observa umplerea cu material, realizata de cétre
umdr la finalizarea procesului (figura 7 ¢ si d). Pentru modelarea
numerica [23] au fost introduse 1n simulare indicatoare virtuale
(particule de material luminoase care coincid cu nodurile specifice
ale retelei inaintea de inceperea analizei). La simularea
progresului, pozitia fiecareia din aceste particule este inregistrata
pentru a vizualiza traiectoria de miscare. Itapu si Muci-Kuchler
[23] au concluzionat ca materialul situat la 0,762 mm distanta de
elementul activ rotitor a avut o curgere ascendenta, in timp ce
materialul situat la 0,254 mm distantd de circumferinta
elementului activ rotitor are o migcare descendenta.

2.3. Variante ale procedeului de sudare prin frecare in
puncte

In prezent sunt analizate citeva variante ale procedeului de
sudare prin frecare in puncte, de ex. FSSW/pendulare [5] i FSSW/
cusaturd [ 18] (translatarea uneltei) precum si FSSW/octaedru [6] si
FSSW/circular [7] (deplasarea circulard a uneltei). In varianta
FSSW/pendulare unealta este plonjatd vertical, iar n timpul

Muci-Kuchler et al [22] as well as Itapu and Muci-Kuchler
[23] have investigated material flow in FSpW using both metal-
lurgical examination and numerical modelling. For the metallur-
gical examination [22], plunge tests have been performed. Fig-
ure 7 shows that during full plunge of the pin (Fig. 5b), the
material tried to flow vertically upwards as the pin tool plunged
into the plate, Fig. 7a. In half retract of the shoulder the de-
crease in width of the hole indicates flow of the material back
into the void left by the pin; while Figure 7b shows filling back
of material by the shoulder when process is completed (Fig. Sc
and d). For the numerical modeling [23], virtual tracers (high-
lighted material particles that are coincident with specific nodes
of the mesh before an analysis is started) have been incorpo-
rated in the simulation. As the simulation progresses, the posi-
tion of each of these particles is recorded to visualize their path
of motion. Itapu and Muci-Kuchler [23] have concluded that
material at 0.762 mm away from the pin was basically flowing
upwards to the flash; while at 0.254 mm away from he pin’s
circumference flows up as in a backward extrusion process.

2.3. Variants of friction based spot welding processes

Several variants of friction based spot welding processes are
currently being investigated such as the previously mentioned
FSSW/swing [5] and FSSW/stitch [18] (tool translation) as well
as FSSW/octaspot [6] and FSSW/squircle [7] (tool circular dis-
placement) among others. In the FSSW/Swing process the tool
is plunged vertically and during retraction the tool is moved
according to a predetermined angle. The weld area is increased

c)
1 - rotatie/ rotation
2 - umar pin/ shoulder pin

d)

3 - incarcare/ loading
4 - translatie/ translation

Figura 8. Varianta FSSW/cusatura: (a) rotirea uneltei; (b) plonjarea
uneltei; (c) translatarea uneltei si (d) indepértarea uneltei/
Figure 8. FSSWi/stitch process: (a) tool rotation, (b) tool plunging,
(c) tool translation and (d) tool removal

forming a small amount of burr just like in FSW. Banadarinarayan
et al [S] have reported that resultant swing welds showed higher
lap shear and cross tension strength than those obtained from
conventional FSSW.

GKSS has developed and patented the FSSW/stitch that is
divided into four steps, see Fig. 8. The main difference is that
while in FSSW plunging and retracting are performed in the
same location in tool translation FSSW the tool is traversed
along the weld for a predetermined length [18].

The FSSW/squircle was developed and patented by TWI
where a circular path is given to the rotating tool creating a
circular orbiting path, Fig. 9 [7]. An increase in weld area is
produced due to the tool combined motion. Addison and
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retragerii unealta este deplasatd cu un unghi prestabilit. Aria sudurii
este maritd formand o micé cantitate de bavura ca la FSW.
Banadarinarayan s.a.[5] au remarcat faptul ca sudurile rezultate
prin pendulare prezinta rezistenta la forfecare si solicitéri transversale
mai mari decét cele obtinute la sudarea FSSW obisnuita.

GKSS a dezvoltat si brevetat varianta FSSW/ cusatura care
se desfdsoara in patru etape, figura 8. Diferenta majora este
aceea ca in timp ce la FSSW plonjarea si retragerea uneltei sunt
realizate in acelasi loc, la FSSW cu translatarea uneltei, aceasta
se deplaseaza de-a lungul sudurii pe o lungime prestabilita [18].

La varianta FSSW/circular, dezvoltata si brevetata de TWI,
se dé o traiectorie circulard uneltei de sudare pe o orbita circulara
figura 9 [7]. Se produce o crestere a ariei sudurii datoritd
miscarilor combinate ale uneltei. Addison si Robelou [7] au

Punct de start / sfarsit
Start / end point

Arc de start (raza 0,5mm)
Start arc (0.5mm radius

Traiectorie circulara (raza 1mm)
Circular path (1mm radius)

The “Squircle”
Arc de sfarsit (raza 0,5mm) ¢ oquircle
End arc (0.5mm radius)

CQJe

Figura 9. Deplasarea uneltei la FSSW/circular/
Figure 9. FSSW/squircle tool movement [7]

constatat o crestere a sarcinii de rupere la forfecare de la 100%
la 300% cand s-a introdus miscarea squircle (comparativ cu
sudarea in puncte). Burford s.a. [6] au dezvoltat recent o alta
variantd a FSSW - FSSW/octaedru —in care unealta, in timp ce
se roteste, este deplasatd urmand o traiectorie octaedrica.

3. Aplicatii potentiale

Asa cum s-a mentionat anterior, procedeul de imbinare in
puncte in stare solida are potential de aplicare in industriile auto
si aeronauticd. in domeniul auto, utilizarea procedeului poate
preintdmpina problemele care apar la sudarea electricd prin
rezistenta in puncte RSW si la sudarea laser in puncte. Pentru
aplicarea procedeului in industria acronautica sunt necesare multe
imbunatatiri, pdnd cand Imbinarile atfel realizate sa atinga un
nivel de rezistenta si sigurantd comparativ in special cu nituirea.

3.1. Industria auto

Una din cele mai importante metode de a indeplini cerintele
privind automobile eficiente energetic constd in reducerea
greutatii (consum de combustibil si emisie de noxe mai reduse),
imbunatatind securitatea, performanta si siguranta in exploatare.
De aceea cantitatea de aliaje din materiale usoare utilizata in
producerea automobilelor este In continua crestere. Arul s.a. [9]
semnaleaza faptul ca la structuri auto, aluminiul si materialele
compozite inlocuiesc otelul la panouri de inchidere de la capota,
portbagaj si usi; iar otelurile de inalté rezistentd (HSS) inlocuiesc
otelul conventional la elemente de structura. In concluzie, sunt
necesare tehnologii de imbinare cu costuri reduse, care s ofere
reproductibilitate, calitate buna a imbinarilor din aliaje usoare,
dar si a celor din HSS si aliaje compozite. Pana acum, sudarea
electrica prin rezistenta In puncte si nituirea au fost cele mai
accesibile tehnologii de imbinare aplicabile la imbinarea si/sau
asamblarea componentelor si/sau pieselor auto din materiale
usoare si aliaje de otel pentru producerea vehiculelor comerciale.
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Robelou [7] have reported an increase in lap shear failure load
from 100% to 300% when a squircle movement was introduced
(compared to spot welding). Burford et al. [6] have recently
developed another FSSW variant - FSSW/octaspot - in which
the tool, while rotating, is displaced following an octahedral path.

3. Potential Applications

As mentioned previously, solid state spot joining processes
have potential applications in automotive and aeronautic
industries. In the automotive field the process may be capable
of overcoming problems faced by RSW and laser spot welding.
In the aeronautic industry more improvements are necessary
until the process reaches a level of strength and reliability
compared mainly to riveting.

3.1. Automotive Industry

One of the most effective ways to fulfil the public demand for
energy efficient automobiles is by weight reduction (fuel
consumption and green house emissions are also reduced)
improving safety, performance and reliability. Therefore the amount
of lightweight alloys used in car manufacturing is continuously
growing. Arul et al [9] reported that in body-in-white structures,
aluminium and composites are replacing steel for closure panels
such as hood, deck lid and doors; and high strength steel (HSS) is
replacing conventional steel for structural components. As a result
there is a strong need for low cost joining techniques which offer
reproducible, good quality joints particularly in lightweight alloys,
but also in HSS and composite alloys. Up to now, RSW and SPR
have been the most feasible joining technologies available for
joining and/or assembling components and/or body parts of
lightweight and steel alloys of commercially produced vehicles.

The main advantages of RSW are its relatively low capital cost,
ease of maintenance and high tolerance to poor part fit up. However,
it can be problematic for high-performance lightweight structural
materials. RSW on aluminium is likely to produce poor welds and
has several technological challenges. First, the electrode tip life is
limited compared to that of welding steel sheets and there is a
constant need for electrode dressing. Furthermore, the higher
electrical and thermal conductivities of aluminium relative to steel
lead to higher energy consumption, demanding high capacity
electrical systems and associated infrastructure. On the other hand
friction based spot welding processes offer metallurgical benefits
such as weld strength comparable to that of base metal alloy, small
HAZ and low residual stresses (low energy input).

According to Gerlich et al [12], the availability of satisfactory
methods for fabricating Mg-alloys components in the
automotive industry is a key issue. Arc welding of cast materials
such as AZ91 is complicated by hydrogen porosity formation
and by high expansion coefficient, which increases the amount
of distortion produced during fusion welding. Fusion welds are
also susceptible to solidification cracking and liquation cracking
in HAZ. Therefore, friction spot welding processes offer an
excellent alternative for body assembly and other automotive
features overcoming these fusion welding problems.

Mazda Corporation has developed FSSW for applying in
aluminium body assembly process for automobiles, Fig. 10 (rear
door and hood of RX-8 as well as trunk lid and bolt retainer of
RX-5 sports cars) [16,17]. Reduced energy consumption and
equipment investment as well as improved work environment has
been reported. The only energy consumed in FSSW is the electricity
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Avantajul major al sudarii electrice prin rezistentd in puncte
constd in cheltuielile scazute de investitie, intretinere ugoara si
tolerante mari pentru fiecare componentd montatd. Cu toate
acestea, aplicarea sudarii prin rezistenta in puncte poate determina
probleme la materiale structurale din aliaje usoare de inalta
performantd. La sudarea prin rezistentd in puncte a aluminiului
apare probabilitatea de a se obtine suduri de slaba calitate fiind
necesare cateva modificari tehnologice. In primul rand, durata
de viata a varfului electrodului este limitatd comparativ cu sudarea
tablelor din otel, fiind necesara ascutirea/curatirea in mod con-

Figura 10. Sudarea FSSW a otelului si aluminiului la
productia de serie in industria auto (Mazda RX-5).
(a) capac de portbagaj si (b) elemente de rigidizare /

Figure 10. FSSW for steel and Al for mass production in

the automotive industry (Mazda RX-5). (a) trunk lid,

and (b) bolt retainers [17]

stant a electrodului. Mai mult, conductivitatea electrica si termica
a aluminiului comparativ cu otelul determind un consum mare de
energie, fiind deci necesare sisteme electrice de mare putere si
infrastructura aferenta. Pe de alta parte, procedeul de sudare prin
frecare oferd beneficii din punct de vedere metalurgic, de ex.
rezistenta sudurii comparabild cu cea a metalului de baza, ZIT
redusa si tensiuni reziduale scazute (energie introdusa mica).

In conformitate cu Gerlich s.a. [12], un element important il
reprezintd existenta unor metode satisfacatoare pentru fabricarea
de componente din aliaje de Mg, destinate industriei auto.
Sudarea cu arc electric a materialelor turnate ca AZ 31 este
complicatd datorita formarii porozitatilor de hidrogen si
coeficientului mare de dilatare, care conduc la cresterea gradului
de distorsiuni produse in timpul sudarii prin topire. Sudurile
prin topire sunt de asemenea susceptibile la fisurare la solidificare
si fisuri prin segregare in ZIT. De aceea, procedeul de sudare
prin frecare in puncte oferd o excelenta alternativd pentru
asamblarea caroseriei precum si a altor componente auto,
preintdmpinand problemele care apar la sudarea prin topire.

Mazda Corporation a dezvoltat FSSW pentru a fi aplicat in
procesul de asamblare a caroseriilor auto din aluminiu, figuralO
(usa din spate si capota la modelul RX 8, precum si capacul de
portbagaj si elemente de rigidizare de la masinile sport RX-5)[16,17].
Au fost remarcate reducerea consumului de energie, a costurilor
de investitii in echipamente, precum i imbunétatirea conditiilor de
mediu. Singura energie consumatd la FSSW este de fapt
electricitatea necesara pentru rotirea si aplicarea fortei uneltei de
sudare pentru a crea incalzirea prin frecare. Deoarece procedeul
elimind necesitatea unor curenti mari si a agentului de racire/aer
comprimat, solicitate la sudarea conventionala prin rezistenta in
puncte, consumul de energie a fost redus cu cca. 99% in cazul
aluminiului si 80% pentru otel. Nu este nevoie de facilitati speciale
de racordare la retea si nici echipamente specializate. Se constata o

needed to rotate and apply force to the welding tool in order to
create frictional heat. As the process eliminates the need for large
current and coolant/compressed air required for conventional RSW,
energy consumption has successfully been reduced by about 99%
in the case of aluminium, and 80% for steel. There is no need for
large-scale electricity supply facilities and specialised equipment.
A 40% reduction in equipment investment has been achieved
compared to that of RSW for aluminium and steel [15].

3.2. Aeronautic Industry

FSW process is being investigated in the aeronautic industry
for almost 20 years in several fields. It can be applied to a multitude
of products and components with varying material types and
thickness. However, a continuous weld is not always required to
meet product performance requirements. Furthermore,
consolidated joining processes such as riveting and mechanical
clinching due to complex geometries configuration and different
material types have found lately some limitations.

Hinrichs et al [8] have questioned the use of friction based
spot welding in replacement to RSW and/or clinching by asking,
,»Why does the industry need another joining method when RSW
and a variety of mechanical methods are available?”” According
to the authors, friction based spot welding processes have some
distinct potential advantages on lightweight and HSS alloys over
other welding processes such as MIG-spot and Laser-spot such
as higher speed, better performance, lower costs and robustness,
performing better than mechanical joining techniques such as
toggle-loc. Friction based spot welding processes tend to have
much lower operating costs due to improved energy efficiency
and virtual lack of consumable. It can be typically used in
applications where less strength is required, parts are highly
contoured and material is thin. Additionally, these processes
require equipments with significantly less infrastructure i.e. no
water, no compressed air, no complex electrical transforming
equipment.

Arbegast [28] has recently investigated the use of FSpW for
in-situ repair of cracked or corroded rivets in multi-sheet riveted
aluminium aeronautic panels. However, for a full application and
incorporation of these techniques in the aeronautic industry,
further work and research is required in the areas of mechanical
performance, especially dynamic behaviour, microstructural fea-
tures and weld geometry improvement.

4. Summary

Friction based spot welding processes have been described
and main characteristics and applications have been highlighted.
The FSSW process is a variant of the FSW technique in which
the tool is plunged into and retracted out of the overlapping
sheets. Dynamically recrystallised material formed during this
operation facilitates joint formation between the contacting
sheets and following spot welding, a keyhole depression remains
at the weld centreline. The FSpW process is a solid-state joining
process which is performed by plunging a rotating tool (consist-
ing of a pin and shoulder) into the workpiece producing fric-
tional heat on the upper sheet surface; both pin and shoulder are
moved in opposite direction to each other; plastified material is
squeezed into an annular space left by the pin; shoulder retracts
back towards the surface of the plate while the pin keeps moving
towards the plate pushing the material that was originally dis-
placed back into the plate. Contrary to the FSSW there is no
keyhole left at the end of the joining operation.
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reducere de 40% a investitiilor in echipamente comparativ cu
sudarea prin rezistentd n puncte a aluminiului si otelului [15].

3.2. Industria aeronautica

Procedeul FSW este investigat in industria acronautica de
aproximativ 20 de ani, in cdteva directii. Procedeul poate fi
aplicat la o multitudine de produse si componente din diferite
materiale si cu grosimi variate. Totusi nu intotdeauna este
necesard o sudura continud pentru a indeplini cerintele de
performanta ale produsului. Mai mult, nituirea, datorita
configuratiilor geometrice complexe si diferitelor tipuri de
materiale, are unele limitari in utilizare.

Hinrichs s.a. [8] au abordat problematica utilizérii procedeului
de sudare prin frecare in puncte pentru a inlocui sudarea
electrica prin rezistentd in puncte si/sau nituirea punand
intrebarea ,,.De ce ar avea nevoie industria de altd metoda de
imbinare, cand sunt utilizabile sudarea electrica prin rezistenta
in puncte precum si o varietate de alte metode de imbinare
mecanica?” Conform autorilor, procedeul de sudare prin frecare
in puncte are unele avantaje distincte la aliaje ugoare si HSS,
fatd de alte procedee de sudare - MIG in puncte sau laser in
puncte, ca de ex.: viteza mai mare, performante mai bune, costuri
mai mici §i robustete, performante mai bune decat la imbinari
mecanice. Procedeul de sudare prin frecare in puncte tinde s
aiba costuri de operare mult mai mici datoritd imbunatatirii
eficientei energetice si a lipsei reale de consumabile. Poate fi
utilizat de obicei in aplicatii unde este necesara o rezistenta mai
micd, componentele sunt curbate sau profilate si materialul este
subtire. In plus, aceste procedee necesita echipamente cu mult
mai putin infrastructurd, adica nu necesitd apa, aer comprimat
si nici transformatoare electrice complexe.

Arbegast [28] a investigat recent utilizarea FSpW pentru
reparatii in —situ a niturilor fisurate sau corodate de la panourile
realizate din table multiple de aluminiu, nituite, destinate
industriei aeronautice.

Cu toate acestea, pentru o aplicare completd si includerea
acestor tehnici in industria aeronauticd, sunt necesare eforturi
suplimentare si cercetdri in domeniul performantelor mecanice,
in special privind comportarea dinamica, caracteristici
microstructurale si imbunatatirea geometriei sudurii.

4. Concluzii

A fost descris procedeul de sudare prin frecare in puncte,
fiind prezentate principalele caracteristici si aplicatii. Procedeul
FSSW este o varianta a procedeului FSW in care unealta este
plonjata si retrasé din tablele suprapuse. Recristalizarea dinamica
a materialului care apare in timpul acestei operatii, faciliteaza
formarea imbinarii intre tablele aflate in contact si realizarea
sudurii in puncte, depresiunea creatéd de gaura de cheie ramanand
pe linia centrului sudurii. FSpW este un procedeu de imbinare
in stare solidd care constd in plonjarea unei unelte rotative
(formata din element activ rotitor i umar) in piesele de sudat,
producerea incélzirii prin frecare a suprafetelor superioare ale
tablelor; elementul activ rotitor si umarul se deplaseaza in directii
opuse unul fata de celdlalt; materialul plastifiat este constrans
intr-un spatiu inelar lasat de elementul activ rotitor; umarul este
retras spre suprafata pieselor in timp ce elementul activ rotitor
isi mentine migcarea impingand materialul dislocat initial inapoi
in imbinare. Spre deosebire de FSSW, la sfarsitul operatiei de
imbinare nu rimane gaura de cheie.
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4 09 - 13.06.2008 | 07 - 11.07.2008 09 - 13.06.2008
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Pregatirea teoretica si practica sunt realizate conform prescriptiilor
Institutului International de Sudura (l1W).

Examinarea si eliberarea diplomelor se face de catre ASR-CertPers
S.R.L., organismul national de calificare a parsonalului din domeniul
sudarii, organism acreditat de catre IIW. Diplomele eliberate beneficiaza
de recunoastere internationala.

Cursurile asigura pregatirea conform cerintelor SR ISO 14731,
referitoare la calificarea necesara pentru personalul de coordonare a
operatiilor de sudare la diferite nivele precum si pentru coordonarea
activitatilor de inspectie tehnica la sudare, cerinte dezvoltate ulterior in
cadrul SR EN ISO 3834.

Cursurile permit calificarea personalului operator examinari
nedistructive conform SR EN 473.

Certificarea este facuta de catre ISIM CertEND, organism acreditat de
catre RENAR si notificat si desemnat de catre Ministerul Economiei si
Comertului ca organism de terta parte pentru certificarea personalului din
domeniul examinarilor nedistructive privind echipamentele sub presiune
(conform HG 584/2004 si OM nr. 717/09.08.2005)

Cursurile au ca obiectiv specializarea personalului din intreprinderile
care desfasoara activitati in domeniul sudarii retelelor de conducte din
polietilena (tevi si fitinguri) destinate transportului fluidelor sub presiune,
n vederea autorizarii conform PT ISCIR CR 9/3.

Absolvirea acestor cursuri de specializare, conduce la obtinerea atat
a Certificatului de absolvire eliberat de catre ISIM Timisoara, sub
autoritatea Ministerului Muncii Solidaritatii Sociale si Familiei si a
Ministerului Educatiei si Cercetarii, cat si a autorizatiei conform CR 9/3,
eliberata de catre ISCIR.

Informatii suplimentare se pot obtine de la EWE Fanu Cornel (IWE/IWT), sing. Angela Caneparu (IWI-C), fiz. Gerhard Griin (END),
respectiv ing. Marius Cocard (sudare polietilena), tel. 0256 491828, fax: 0256 492797, e-mail: isim@isim.ro sau www.isim.ro
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