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1. Introducere

In industria moderna este adesea necesar si se execute
constructii cu pereti subtiri din aliaje de aluminiu. Aceste
constructii includ caroserii de automobile si diferite tipuri de
aparate, forme de tubulaturi, produse pentru tehnologia
aviatica si spatiala etc. Tehnologiile arc electric traditionale
(inclusiv plasma) pot provoca deformatii reziduale si tensiuni
interne in constructiile sudate. In plus, astfel de tehnologii nu
furnizeaza intotdeauna caracteristicile necesare de rezistenta
ale imbinarilor, fapt ce a stimulat utilizarea sudarii cu fascicul
de electroni si laser [1].

Recent s-a realizat un progres substantial in studiul
proceselor de sudare hibride inclusiv cele care combina laserul
si sursele cu arc electric [2]. Utilizarea sudarii hibride permite
reducerea cu pana la 50% a costului pe metru de sudura si
imbunatatirea performantei procesului cu 50% pe baza
inlocuirii partiale a puterii laserului cu puterea arcului [3].
Combinatia radiatiei laser cu arc de plasma este menita sa
permita pastrarea majoritatii avantajelor sudarii laser si sa faca
procesul de sudare mai atractiv pentru consumator.

Scopul acestei lucrari este crearea metodelor de baza pentru
obtinerea unor imbinari din aliaje de aluminiu, pe baza unui
studiu al particularitatilor fizice si tehnologice ale sudarii
hibride cu utilizarea radiatiei laser de diferite lungimi de unda.
Pentru a atinge acest scop s-a efectuat modelarea matematica
a parametrilor geometrici ai patrunderii laser-plasma, asigurand
astfel o posibilitate de a determina un domeniu aproximativ al
parametrilor regimului de sudare. Au fost realizate studii
experimentale asupra sudarii aliajelor de aluminiu permitand
reglarea parametrilor regimului; au fost realizate incercari
metalografice si mecanice facilitand astfel identificarea
defectelor tipice si mijloacelor pentru eliminarea lor si au ajutat
la stabilirea domeniului de aplicare a procesului de sudare.

2. Aplicatii

Datele obtinute din literatura de specialitate [4-7] au facut
posibild determinarea schimbarii caracteristice a formei
patrunderii laser-plasma functie de urmatorii parametrii:
puterea radiatiei P, viteza procesului de sudare (prelucrare) v
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1. Introduction

In modern industry it is often necessary to manufacture
thin-walled constructions made of aluminum alloys. These
constructions include the bodies of cars and various kinds of
devices, shape tubes, the aviation and space technology
products, etc. The traditionally used arc (including plasma)
technologies may bring about the residual deformation and
internal stresses in welded constructions. Moreover, such
technologies do not always provide the required strength
characteristics of the joints, which have stimulated the use of
electron-beam and laser welding [1].

Recently there has been a substantial advancement in the
study of the hybrid welding processes, including those
combining laser and arc power sources [2]. The use of hybrid
welding allows to reduce up to 50% of the running meter cost
of the weld joint, and to improve the process performance by
50% for account of partial replacement of laser power by arc
power [3]. The combination of laser radiation with a plasma
arc is designed to permit preserving most of the advantages
of laser welding and to make the welding process more
attractive to the consumer.

The aim of this work is creation of basic methods of
obtaining the aluminum alloy joints, based on a study of
physical and technological peculiarities of hybrid welding
using laser radiation of different wavelengths. To achieve this
goal the mathematical modeling of geometrical parameters of
the laser-plasma penetration was carried out, thus providing
a possibility to determine an approximate range of welding
regime parameters; the experimental studies on welding of
aluminum alloys, enabling the regime parameters adjustment,
were accomplished; the metallographic and mechanical tests
were conducted which facilitated identification of typical
defects and means for their elimination, and helped establish
the scope of the welding process application.

2. Applications

The data obtained from literature [4-7] made it possible to
determine characteristic change in shape of laser-plasma
penetration depending on such parameters as radiation power
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si curentul arcului /. Aceasta a permis realizarea unui model

matematic care sa descrie dependenta adancimii / si a latimii b

a patrunderii in aliajele de aluminiu cu urmatorii parametri:
hBv,I)=a,+aP+ayv+al+

Pl (1)

v

2 2
aP +ayv +a~NI+a,

b(Bv,I)=c,+cP+cy+cl+
P 2)

B

2 2
+c, P +cyv +c NI +c,

unde a si ¢ sunt coeficientii adancimii §i respectiv a latimii
patrunderii. Coeficientii care corespund aliajului Al-Mn sunt
prezentati in tabelul 1.

Deoarece sudarea aliajelor de aluminiu se realizeaza cu
impulsuri heteropolare in (1) - (2) curentul arcului se presupune
la valoarea sa medie in timp si se determina dupa cum urmeaza:

I, ¢t . +1  t

1 __ “direct” direct reverse’ reverse

) )

reverse

direct

unde Idirecta Ireverses Ldirect S1 Lreverse sunt Curentll 51 durata
polaritatii directe si respectiv inverse.

Tabelul 1. Coeficientii adancimii a si a latimii c a patrunderii
hibride a aliajului Al1-Mn/
Table 1. The coefficients of depth a and width c of a hybrid

penetration of Al-Mn alloy

a |Valoare/Value |c |Valoare/Value |Unitate/Unit

a, 10,578 ¢ 12,369 mm

a, 10,719 ¢; 10,899 mm/kW

a, |-0,023 ¢, [-0,021 mm-h/m

a; [-0,019 ¢; [-0,010 mm/A

a, |-0,110 ¢, |-0,291 mm/kW?

as [1,258-10* cs |-2,396:107 mm-h*m?

as 10,272 cs 10,328 mm/A"?

a, 10,371 ¢, 10,095 mm-*m/h-A-kW]|

Calculul dependentelor (1) - (3) a relevat ca la puterea
radiatiei laser P =2 kW si la raportul curentilor de polaritate
directa i inversa oo Loverse = 100/50 A (2 jiyocr treverse = 0,8/0,8 )
sudarea hibrida la o viteza de sudare de 70 m/h asigura o adan-
cime de patrundere de pana la 2 mm, cu o latime aproape dubla.
Mecanismul principal de sudare cu acesti parametri de patrun-
dere are un caracter de sudare prin conductie (termica) [1].
Principalul mecanism al impactului radiatiei laser asupra compor-
tarii arcului plasma in acest regim de sudare hibrida este
evaporarea metalului sub actiunea radiatiei laser focalizata [6, 7].

Utilizarea ionizatorului extern (arcul electric) la sudarea laser
permite reducerea temperaturii limita la suprafata metalului unde
are loc tranzitia de la regimul de transmitere a caldurii la regimul
mai eficient al patrunderii adanci. Mai mult, astfel de parametrii
ai sudurii hibride cum sunt lungimea de unda a radiatiei si
polarizarea influenteaza eficienta procesului [8]. Pentru a mari
eficienta sudarii laser si hibride este potrivit sd se utilizeze
fascicule laser cu polarizare liniard a radiatiei in directia sudarii.

Experimentele privind sudarea laser-plasma s-au efectuat
conform schemei din figura 1, utilizdnd probe din aliaje de
aluminiu AMn, AMg3, AMg5M, AMn6 si de tipul 1915 cu
grosime mica (6= 0,6...3,0 mm). A fost utilizat in experimente un
cap hibrid cu actiune directa similar cu cel prezentat in [7], cu

P, process rate v and arc current /. This allowed to develop a
mathematical model describing dependence of depth /# and
width b of penetration in aluminum alloys on the following
parameters:

WPv,I)=a +aP+ayv+al+
PI (1)

2 2 .
aP +ayv +a, I+a7T,
b(Bv,I)=c,+cP+cy+cd+

+c4P2 +csv2 +c NI +c, ﬁ, @)
%

where a and ¢ denote the coefficients of depth and width of
penetration respectively. The coefficients corresponding to
Al-Mn alloy are shown in Table 1.

Since the welding of aluminum alloys is performed using
heteropolar pulses in (1) - (2) the arc current is assumed as its
average value over the time and determined as follows:

L, t,. +1 ¢

__ “direct” direct reverse’ reverse
I= t ¢ (3)

direct reverse

Where 1o Lroverses tdirect @0 #everse are the currents and the
duration of direct and reverse polarity, respectively.

The calculation of dependences (1) - (3) revealed that at
laser radiation power P =2 kW, and the ratio of direct and
reverse polarity currents /y.oei/lroverse = 100/50 A (¢4ireci
treverse = 0.8/0.8 s) the hybrid welding at a welding speed of
70 m/h provides the penetration depth of up to 2 mm, with
about twice a width. The main mechanism of welding with
these penetration parameters is of a conduction character
[1]. The main mechanism of laser radiation impact on
behavior of arc plasma in this regime of hybrid welding is
the evaporation of metal under the focused laser radiation
[6,7].

The use of external ionizer (electric arc) in the laser welding
allows to reduce the boundary temperature of the metal
surface at which the transition from heat conduction regime
to more effective regime of deep penetration takes place.
Furthermore, such parameters of hybrid welding as the
radiation wavelength and polarization influence the process
efficiency [8]. To increase the efficiency of laser and hybrid
welding it is appropriate to use laser beams with linear
polarization of radiation in the direction of welding.

Experiments on laser-plasma welding were carried out
according to the scheme in Figure 1, using the samples of
aluminum alloy AMn, AMg3, AMg5M, AMn6 and 1915 of
small thickness (6 = 0.6...3.0 mm). The hybrid direct action
plasma torch similar to the one described in [7] was used in
the experiments, with focused radiation of diode (wavelength
A =10.808/0.940 um) and CO, lasers (A= 10.6 pm) at power of
up to 2 kW. The thermal effect of the plasma arc and laser
welding on the welding pool was analyzed by studying the
patterns of the joints, as well as the burnout rate of magnesium
and manganese.

According to the results of the experiments the
corresponding dependences were plotted in Figure 2. From
this figure it can be noticed that the sum of the depths of the
laser (curve 1) and plasma (curve 2) penetration (curve 3) is
less than the depth of the hybrid penetration (curve 4). Thus,
non-additivity of the sum of the penetration depths with the
use of the heat sources that are included in hybrid process,
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radiatia focalizata a diodei (lungimea de unda 1= 0,808/0.940
um) si lasere CO, (A= 10,6 um) cu o putere de pana la 2 kW.
Efectul termic al sudérii cu arc de plasma si laser asupra baii de
sudare a fost analizat prin studierea ,,tiparului” imbinarilor, cat
si prin viteza de ardere a magneziului si manganului.

Figura 1. Schema experimentelor privind sudarea hibrida utilizand
un cap de plasma cu actiune directd integrat: 1 —lentila de
focalizare, 2 — radiatie laser, 3 — catod, 4 — duza, 5 — sarma de
adaos; 6 — anod./

Figure 1. Scheme of the experiments on hybrid welding using the
integrated direct action plasma torch: 1 — focusing lens, 2 — laser
radiation, 3 — cathode, 4 — nozzle, 5 — filler wire; 6 — anode.

Conform rezultatelor experimentelor dependentele
corespunzatoare au fost schitate in figura 2. Din aceasta figura
se poate observa ca suma adancimilor patrunderii (curba 3),
laserului (curba 1) si plasmei (curba 2) este mai putin adanca
decat patrunderea hibrida (curba 4). Astfel, nu are loc insumarea
adancimilor de patrundere la utilizarea surselor de caldura care
sunt incluse in procesul hibrid, si are loc un castig de adancime
prin patrunderea hibrida. Distanta dintre curbele 3 si 4 dovedeste
existenta efectului hibrid (sinergic) si aratd intensitatea acestuia.

O comparatie a rezultatelor experimentelor cu utilizarea
laserului CO, si dioda a relevat faptul ca prezenta sinergiei,
legatura arcului de plasma cu suprafata de actiune a
fasciculului de laser si stabilitatea sudarii hibride de mare viteza
este mai mult influentatd de densitatea puterii radiatiei laser
decat de lungimea ei de unda.

S-a stabilit experimental ca in domeniul parametrilor
investigati viteza optimad de sudare corespunde generarii
cordonului de sudare cu rigidizare minima, la puterea maxima
a surselor laser si plasma. Acest regim permite evitarea utilizarii
sarmei de adaos pentru obtinerea de imbinari cap la cap a
tablelor subtiri.

La selectarea duratei optime (7;o¢; S1 Zreverse) $1 @ curentilor
(Ljireet $1 1 everse) @ impulsului direct si invers la sudarea hibrida
de viteza mare (pana la 300 m/h) s-a aratat ca ambele rapoarte
tind spre 1:1. Criteriul de optimizare a asigurat o curatare de
calitate a suprafetei catodului de pelicula de oxid prin impulsuri
de polaritate inversa. Astfel de facilitati de finisare a suprafetei
usureaza pregatirea componentele pentru sudare si fac ca
procesul laser-plasma sa fie mai eficient pentru uz industrial
decét sudarea laser.

Incercarile mecanice ale probelor, sudate cu fascicul laser,
plasma si respectiv laser-plasma, au ardtat ca rezistenta
imbinarilor sudate hibrid atinge 90% din rezistenta metalului de
baza (figura 3). Aceasta permite recomandarea solutiilor de
sudare laser-plasma pentru rezolvarea problemelor practice
legate de sudarea constructiilor cu pereti subtiri din aliaje de
Al-Mg-Mn.

Pentru a determina existenta porilor interiori, probele sudate
din aliaje AMg3 si AMg6 (8 =0,8...3,0 mm) au fost supuse
controlului cu raze X. In unele cazuri, acesti pori s-au
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and the depth that is yielded by hybrid penetration, takes
place. The distance between curves 3 and 4 proves the
existence of hybrid (synergetic) effect and shows its intensity.
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Figura 2. Dependenta adancimii de patrundere / asupra vitezei v la
sudarea laser-plasma a aliajelor AMg3, AMg5M AMg6 si
tip 1915: a) radiatie dioda laser, b) radiatie laser CO,. in ambele
cazuri: P = 1,2 kW; Lo Lreverse = S0/50 A; U= 18 V;

1 —sudarea laser, 2 — sudarea cu plasma, 3 — valoarea sumei
patrunderilor la sudarea laser si arc de plasma, 4 — sudarea
hibrida./

Figure 2. Dependences of the penetration depth h on the velocity v
of the laser-plasma welding of AMg3, AMg5M AMg6 and 1915
alloys: a) diode laser radiation, b) CO, laser radiation. In both
cases: P= 1.2 kW, Ljjoei/Lioverse = 50/50 A; U= 18 V; 1 — laser
welding, 2 — plasma welding, 3 — aggregate value in laser and
plasma arc welding, 4 — hybrid welding.

A comparison of the results of experiments with the use of
CO, and diode lasers revealed that the presence of synergy,
linking of the plasma arc to the area of the laser beam and the
stability of high-speed hybrid welding is more related to the
power density of laser radiation than its wavelength.

It was experimentally established that in the investigated
range of parameters the optimal welding speed corresponds
to the minimum reinforcing bead generation at maximum power
of the laser and plasma sources. This regime permits to obviate
the use of the filler wire for obtaining the thin sheet butt
joints.

Selection of optimal durations (7;...; and ?,,e.5.) and
currents (1 .o; and 1,,,,,s.) of direct and reverse pulses with
high-speed (up to 300 m/h) hybrid welding has shown that
both ratios tend to 1:1. The optimization criterion was ensuring
the high-quality cathode surface cleaning of the oxide film by
pulses of reverse polarity. Such kind of surface refining
facilitates preparing of parts for welding and makes the laser-
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inregistrat. Studii mai detaliate au relevat faptul ca aparitia
porilor este cauzata de continutul mare de hidrogen, cat si de
arderea partiala a magneziului si a manganului din imbinarile
sudate. Introducerea de aditivi (sdrmd AMg6 ¢ 1,2 mm) a
ajutat la eliminarea completa a porilor. Analizele metalografice
au aratat ca structura componentelor din aliaj de aluminiu,
obtinutd prin sudare hibrida este mai apropiata de structurile
caracteristice la sudarea cu fascicul laser decat de cele obtinute
la sudarea cu plasma. In cazul utilizarii unei sirme de adaos
situatia opusa devine adevarata — structura sudurilor hibride
este mai apropiata de structura obtinuta la sudarea cu plasma
(figura 4). Aceasta se datoreaza supraincilzirii intense a
metalului prin topirea metalului de adaos in baia de sudare.

Rezistenta la tractiune/
Tensile strength o, MPa

o

AMg3
imbinare/
joint

AMg3
metal de baza/
basic metal

AMg6
imbinare/
Joint

AMg6
metal de baza/
basic metal

Figura 3. Incercarile de rezistentd la tractiune (6, MPa) ale

componentelor din aliaje de AMg3 si AMg6 sudate hibrid/

Figure 3. Tensile strength (6., MPa) tests of hybrid welded
AMg3 and AMg6 alloy compounds.

O comparatie cu sudarea laser a aratat cé la sudarea hibrida
puterea arcului comprimat inlocuieste partial puterea radiatiei
laser. Pentru table subtiri din aliajele de aluminiu, acest efect
poate fi estimat aproximativ ca o inlocuire a IKW din puterea
laserului cu un 1kW din puterea arcului de plasma. Astfel
efectul economic de inlocuire a sudarii laser cu cea hibrida
este reducerea semnificativa a costului echipamentului laser.
Este intr-adevar rezonabil, deoarece costul echipamentului
de sudare cu plasma este de obicei mult mai scazut.

Sudarea tevilor din aliaj AMn (0= 0,3 mm) utilizate ca parti
constituente ale pachetelor din sticld este un exemplu de aplicatie
industriala a tehnologiei dezvoltate. In cursul experimentelor
conduse la puterea de 1,5 kW a fasciculului laser CO, cu si
curent de sudare /;.o./Leverse = 100/50 A s-a obtinut o imbinare
de calitate superioara la viteza de sudare mai mare de 1000 m/h.
Trebuie notat ca 1n cazul sudarii cu laser CO, sunt necesari circa
3...5kW pentru a se atinge o viteza similara.

3. Concluzii

1. In domeniul parametrilor considerati, regimurile optime
de sudare corespund vitezei de sudare la care se produce
minima rigidizare la generarea cordonului de sudare, la puterea
maxima. In majoritatea cazurilor astfel de regimuri permit
prevenirea utilizarii materialului de adaos pe baza extinderii
volumului de material patruns.

2. La sudarea hibrida cu utilizarea radiatiei laserului dioda
raportul puterilor laserului i plasmei trebuie sa se apropie de 1:1
sau sa varieze in directia cresterii puterii laserului. Aceasta se
datoreaza imbunatatirii stabilizarii procesului de sudare
proportional cu cresterea evaporarii metalului sub radiatia laser.

3. Lasudarea laser-plasma a aliajului de aluminiu cu impulsuri
heteropolare inversarea polaritatii impulsurilor asigura curatirea

plasma process more efficient for industrial use than laser
welding.

The mechanical tests of the samples, welded by laser
radiation, plasma and laser-plasma method, showed that the
strength of the hybrid welded joints reaches 90% of the base
metal strength (Figure 3). This allows recommending the laser-
plasma welding solutions for solving practical problems
associated with the welding of thin-walled constructions of
Al-Mg-Mn alloys.

To determine the availability of the interior pores the
welded samples of AMg3 and AMg6 alloys (¢ =
0.8...3.0 mm) were exposed to the X-ray control. In some
cases, these pores have been recorded. More detailed
studies revealed that the cause of their occurrence is a
high content of hydrogen, as well as partial burnout of
magnesium and manganese in the welded joints.
Introduction of additives (AMg6 wire ¢ 1.2 mm) helped
completely eliminate the pores. Metallographic studies have
shown that the structure of aluminum alloy compounds,
obtained in hybrid welding, bears a closer resemblance to
the structures that are characteristic of the laser process
than of plasma one. In the case of utilizing a filler wire the
opposite situation holds true - the structures of hybrid
joints are much closer to the structures obtained in plasma
welding (Figure 4). This is due to intensive overheating of
metal through the melting of additional metal in the weld
pool.

Figura 4. Structurile imbinarilor cap la cap din aliaj AMg5M
(6 =3 mm) obtinute prin sudare cu fascicul laser CO, si a
sarmei de adaos AMg6 (¢ 1,2 mm): a) sudare laser (P =2 kW,
v =30 m/h); b) sudare hibrida (P =2 kW, v =120 m/h,
Liireed Leverse = 100/50 A; U =20 V)./

Figure 4. The structures of the AMg5M (8 = 3 mm) alloy butt
joints obtained using the radiation of CO; laser and AMgG filler
wire (¢ 1.2 mm): a) laser welding (P = 2 kW,
v=30m/h); b) hybrid welding (P = 2 kW, v= 120 m/h,
]direct/lreverse =100/504; U= 20 V)

A comparison with laser welding showed that in hybrid
welding the power of compressed arc partially replaces the
power of laser radiation. For thin sheet aluminum alloys, this
effect can be roughly estimated as a replacement for 1 kW of
laser power with 1 kW of plasma power. Thus, the economic
effect of replacing the laser welding with its hybrid analog is
the significant reduction in the cost of laser equipment. It is
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catodului de pelicula de oxid de pe suprafata probei. La sudarea
hibrida de mare viteza pentru a se obtine curatirea de calitate a
catodului raportul duratei impulsului al polaritatii directe si
inverse trebuie sa se apropie del:1. Impulsurile de curent de
polaritate inversa trebuie sa fie de pana la 70...100% din
impulsurile de curent de polaritate directa.

4. Investigarea neomogenitatii chimice a imbinarilor a relevat
prezenta arderii unor elemente ca magneziul si manganul in
cazul sudurii hibride fara aditivi. Acest efect conduce la formarea
porilor in imbinarile din metal turnat. Si mai mult, continutul
ridicat de hidrogen in imbindrile sudate influenteaza aparitia
porilor. Utilizarea sarmei de adaos a permis controlul procesului
de imbinare si eliminarea efectului de generare a porilor.

5. Aplicarea sudarii hibride laser-plasma in cazul aliajelor
de aluminiu permite cresterea cu 2+4 ori a adancimii de
patrundere in comparatie cu sudarea laser si o crestere similara
a vitezei de sudare in comparatie cu sudarea cu plasma.

6. Compararea efectelor la utilizarea laserului CO, si dioda
arelevat faptul ca prezenta efectelor sinergice, legarea arcului
de plasma la zona de actiune a fasciculului laser si stabilitatea
sudarii hibride de mare viteza sunt mai degraba legate de gradul
de focalizare a radiatiei laser decat de lungimea sa de unda.

7. Incercarile de rezistentd la tractiune si impact ale
componentelor din AMg3, AMg5, AMg6 si aliaje de tip 1915
au demonstrat avantajul procedeului hibrid fata de procedeele
cu laser si plasma.

8. Perspectivele de viitor privesc utilizarea laserului cuplat
cu fibra optica si a laserului Nd:YAG luand in considerare
lungimea de unda de valoare mica si dimensiunea de focalizare
a fasciculului laser, cat si flexibilitatea transmiterii prin fibra
optica a fasciculului laser.
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indeed reasonable, since the cost of plasma is usually much
lower.

Welding of the AMn alloy (6 = 0.3 mm) shaped tubes utilized
as a constituent part of the glass packets provides the example
of an industrial application of the developed technology. In
the course of experiments conducted at the CO, laser radiation
power of 1.5 kW and the welding current /;,.o../1,-oyerse = 100/
50 A the high-quality joint of this alloy was obtained at the
welding speed of more than 1000 m/h. It should be noticed
that in the case of CO, laser welding about 3...5 kW would be
required to reach a similar speed.

3. Conclusion

1. In the range of parameters under consideration the
optimal welding regimes correspond to welding speed at which
the minimum reinforcing bead generation at the maximum
power occurs. In most cases such regimes permit to obviate
using the adding material in virtue of the volume expansion
of the penetrated metal.

2. In hybrid welding with the use of diode laser radiation
the ratio of laser and plasma powers should approach 1:1 or
vary in the direction of increase in laser power. This is due to
improvement in the stabilization process of welding in
proportion to metal evaporation enhancement under the laser
radiation.

3. In laser-plasma arc welding of aluminum alloys with
heteropolar pulses the reverse polarity pulses ensure the
cathode cleaning of oxide film on the sample surface. In high-
speed hybrid welding in order to achieve high-quality cathode
cleaning the pulse duration ratio of direct and reverse polarity
should approach 1:1. The reverse polarity pulses current
should amount up to 70...100% of the direct polarity pulse
current.

4. The investigation of the chemical inhomogeneity of
joints revealed the presence of burnout of such elements as
magnesium and manganese in the case of hybrid welding
without additives. This effect leads to the pore formation in
the cast metal joints. Moreover, the high content of hydrogen
in the welded joints affects the presence of pores. The use of
filler wire allowed to control the process of joint alloying and
eliminate the effect of pore generation.

5. Application of laser-plasma hybrid welding of aluminum
alloys enables a 2 to 4 fold increase in the penetration depth
compared to the case of laser welding and a similar increase in
welding speed, as compared to plasma welding.

6. Comparison of effects of CO, and diode lasers application
revealed that the presence of synergy, linking of the plasma
arc to the area of the laser beam action and the stability of
high-speed hybrid welding are rather related to the degree of
laser radiation focusing than its wavelength.

7. Tensile strength and impact strength tests of AMg3,
AMgS, AMg6 and 1915 aluminum alloy compounds have
proved the advantage of a hybrid method to the laser and
plasma ones.

8. Future prospects of the work progress concern the use
of fiber and Nd:YAG-laser radiation taking into account the
small wavelength and radiation focus spot, as well as a flexible
optical fiber feed.
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