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TECHNOLOGICAL PROCESSES OF WELDING HIGH PRECISION
THIN-WALLED PRODUCTS FROM ALUMINUM ALLOYS USING A
LASER HEATING SOURCE
TEXHOJIOI'TYHI NPOLECHU 3BAPIOBAHHSA BUCOKOTOYHUX
TOHKOCTEHHHUX BUPOBIB 3 AJIIOMIHIEBUX CIIJIABIB 3
3ACTOCYBAHHAM JA3ZEPHOI'O UKEPEJIA HAI'PIBY

Summary. The work is devoted to the development of the technological
process of welding sealing of high-precision thin-walled products of the space
industry from light alloys. This process includes: preparation of the product for
welding by chemical etching of the welded parts with alkali, followed by
neutralization with acid; assembly for welding of welded parts; basing in
equipment and welding of a product with simultaneous control/management of its
heating temperature, diagnostics of the level of its stress-strain state. It has been
established that it is advisable to use laser welding as a welding process for
sealing thin-walled high-precision products of the space industry from light alloys.
An effective approach to minimizing (eliminating) such characteristic defects of

laser welding as the formation of hot cracks and internal pores is the concomitant
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heating of the laser radiation zone. Such concomitant heating can be implemented
using a hybrid laser-microplasma welding technology.
Knrouosi cnosa: nazepre 36apro8ants, antOMIHIEGL CNIABU, MOHKOCMIHHI

KOHCMPYKYii, CynymHuiu nioiepie, Mikponiasma.

Anomauia. Poboma npucesuena po3pooOyi mexHoN02IYHO20 Npoyecy
36apPOBANLHOI 2epMmemu3ayii 8UCOKOMOYUHUX MOHKOCMIHHUX 8UP0DI8 KOCMIUHOT
eanysi 3 Jneekux cmnaeig. lleti npoyec exmouac: ni020mosKy 6upoby 0o
36apI0GAHHS XIMIYHUM MPAGIEHHAM Oemanel, Wo 38apliomvcs, Jy2o0M 3
NnOO0AbULOIO HeUmPanizayicro KUCI0moio, 30upanHs nio 36aprosants oemalell,
o 36aprOOMbCsl, 6A3Y8AHHS 8 OCHAUJEHHI MA 36API08AHHS 8UPOOY 3 00HOYACHUM
KOHMPOJIeM/Kepy8anHIM MeMnepamypor oo Ha2pieanHs, 0lacHOCMUK) DIGHsL
1020 HanpyxceHo oepopmosanoco cmawuy. Bcmanoeneno, wo 6 saxocmi
36apl08anbLHO20 nNpoyecy O 2cepmemuzayii MOHKOCMIHHUX 8UCOKOMOYHUX
8UPODOI6 KOCMIUHOI 2any3i 3 1e2KUX Cniasié 00YiIbHO GUKOPUCMOBY8AMU JIA3ePHe
38aproeanns. Egexmuenum nioxooom 0o MiHimizayii (ycyHeHHs) mMaKux
Xapakmepuux oepexmie 1a3epHo20 36apl0GaAHHS, SIK YMBOPEHHS 2apsSA4UuUX mpiujuH
ma 6HYMPIWHIX NOP € CYRYMHIU NiOiepie 30HU Oii 1a3epHO20 BUNPOMIHIOBAHHSL.
Taxuii cynymuii nioiecpie Modxce Oymu peani3o8anuili. nNpu GUKOPUCHAHHI
2IOPUOHOI 1a3epPHO-MIKDONIA3MOBOL 36APH8ANbHOI MEXHOJLO2II.

Key words: laser welding, aluminum alloys, thin-walled structures, co-

heating, microplasma.

Aluminum alloys are widely used in modern industry for the manufacture
of lightweight structures with high strength and corrosion resistance. Such designs
may include products of instrumentation, chemical and food industries, electric
power and electronic technologies, transport, etc. [1]. In the manufacture of such
structures, it is often necessary to make high-quality permanent joints [2]. For this,
various welding methods are used [3]. In the case of manufacturing thin-walled

one-piece structures, it is advisable to use such welding methods that provide local
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thermal heating of the weld zone. For example, laser, plasma or hybrid laser-arc
welding methods [4].

In the manufacture of the noted structures, the possibility of using high-
strength aluminum alloys is of particular interest. Such alloys make it possible to
create lightweight structures with improved mechanical properties, which makes
their use in modern industry relevant. Among high-strength aluminum alloys, Al-
Zn-Mg-Cu system alloys (series 7xxx), which have the highest mechanical
properties, are of the greatest interest. However, welding of such alloys is difficult
due to their tendency to form hot cracks and pores. Therefore, studies of structure
formation during welding of thin-walled joints from these alloys using
concentrated energy sources are relevant.

To join thin-sheet aluminum alloys, both traditional (arc or plasma) fusion
welding methods and more modern ones (laser and hybrid laser-plasma) can be
used. When using arc welding methods, the width of the seam usually exceeds the
depth, which is caused by the convective mechanism of metal penetration. It was
shown in [5] that the intensity of such heat transfer and the flow of liquid metal
in the weld pool is affected by alloying elements acting as surface active
substances. In addition, the surface temperature, and therefore the welding
parameters, also has an influence. It was shown in [6] that when welding with a
free-burning arc in the convective flow of the metal of the weld pool, the force of
the surface tension gradient and the electromagnetic force predominate. The same
penetration can be obtained by welding by laser and laser-plasma methods [7]. In
this case, the dominant force factor that determines the hydrodynamics of the melt
is the Marangoni force. The formation of the molten zone in all considered cases
1s mainly influenced by convective energy transfer. Its shape and the amount of
input energy can lead to the formation of hot cracks (especially when welding
high-strength alloys of the 7075 type) [8].

The most effective today is the use of laser or laser-plasma welding with a
penetration in which the penetration width is less than the depth. This type of

penetration is called deep and is characterized by the formation of a steam-gas
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channel [9]. The features of the existence of a steam-gas channel are associated
with its pulsations, which can contribute to the formation of pores in the remelted
metal [10]. The formation of cracks in this case is associated with an increase in
the crystallization rate of low-melting eutectics caused by an increase in the
welding speed [11].

The purpose of this work is to create technological processes for welding
high-precision thin-walled products from aluminum alloys using a laser heating
source using the example of a sealed cylindrical structure with disk flanges
welded with a non-through seam from two ends.

To achieve this goal, the following tasks were solved:

- select the parameters of the laser welding mode according to the criterion
for obtaining a sealing seam with incomplete penetration;

- to conduct experimental studies of the welding process using laser
radiation;

- to establish the main features of laser welding with incomplete penetration
of thin-walled products made of aluminum alloys.

To select the parameters of the laser welding mode according to the
criterion for obtaining a sealing weld with incomplete penetration, a number of
experiments were carried out. The samples were made of 7075 aluminum alloy
plates with a size of 50x50x1.5 mm, as well as cylindrical samples of 7005 alloy
with a size of @41x41 mm (Fig. 1). In the latter case, disk flanges with a wall
thickness of up to 1.5 mm were welded to the cylindrical part. The depth of
penetration when making a sealed seam should have been 0.5-0.7 mm. To
improve the results of laser welding (namely, to eliminate the risk of hot cracks
and internal pores), concomitant microplasma heating was used. Laser welding
with microplasma heating was essentially a hybrid laser-microplasma welding
[12]. During the experiments, the parameters of the regimes indicated in Table 1

were selected.
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Fig. 1. Welded product:
a) — sketch of the section; b) — parts connected by welding

On the basis of the conducted research, two welding technologies were
developed for the sealing of high-precision thin-walled products of the space
industry from light alloys: laser and hybrid laser with accompanying microplasma
heating. In accordance with the developed technologies, experiments were carried
out on welding imitation samples of cylindrical products. Aluminum alloy 7005
was used as the material of the samples. Welding was performed using appropriate
replaceable welding heads, which were fixed on a 3D manipulator (plotter). The
simulated samples to be welded were based in a rotator mounted on the plotter
table. Welding was carried out in automatic mode with a gradual decrease in the
power of the welding source after the end of the process (Fig. 2). Modes and
results of welding for both developed welding technologies are shown in Table 1.

An example of a welded imitator sample is shown in Fig. 3.
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Fig. 2. The process of laser welding of the simulator sample:

a) — before the start; b) — in process; ¢) — stop after welding

Table 1
Mode parameters of three developed welding technologies and obtained
results
Ne The name of the Boiling Result
/I technology parameters h,
/ b [mm]
Mode parameters

1. | Laser welding h=0,6 mm;

/ b=0,6 mm

P=400 W, V=4 m/min,

Qw= 8 I/min
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2. | Laser welding with

accompanying
microplasma heating
/
P=250 W, V=4 m/min,
1=45/31 A, U=27 V,
nozzle diameter d=2 mm,
Qp=0,3 I/min, Qw=I18
1/min

h=0,56 mm;
b=1,1 mm

-
>

Note: P —radiation power, V — welding speed; I — Weldig

urrent; U — arc voltage; d —

plasmatron nozzle diameter; Qp — consumption of plasma-forming gas; Qw — consumption of

shielding gas

Fig. 3. The top view of the welded imitator sample (a) of a cylindrical product and the

macrostructure of the cross-section of the weld (b) made in this imitator sample

According to the developed technologies, the closing of the annular seam

is performed by remelting the initial section at a distance of about 10...15 mm. At

the same time, the power of the welding source is gradually reduced. Thus, during

laser welding with radiation power of 400 W in the area of remelting of the seam,

the power is reduced to 100 W in 3 stages by reducing it by 100 W at each stage.

Oscillograms of an example of a smooth step-by-step decrease in power from 500

to 100 W and to 0 W for different times are shown in Fig. 4. This approach makes

it possible to obtain a defect-free hermetic area of the seam closure (Fig. 5).
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Fig. 4. Smooth reduction of the power of laser radiation from 500 to 100 W, followed by

its shutdown: a) — in 50 ms; b) — in 500 ms

Fig. 5. The appearance of the closure area of the annular seam during laser welding
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As studies have shown, observing the temperature regime in the welding
process can be performed in two ways: by selecting the parameters of the welding
regime, which ensure post-welding heating not higher than 100...120°C, and by
simultaneously cooling the welded product by blowing with streams of protective
gas. To implement the last method, a special ring equipment was developed,
which is located around the end of the product being welded. The excess pressure
of the shielding gas in the welding chamber, which occurs with such a cooling
scheme, is compensated by the continuous pumping of the shielding gas through
the chamber by the gas preparation system.

Thus, the technologies of welding sealing of high-precision thin-walled
products of the space industry from light alloys consist of the following stages:

1) preparation of products for welding by chemical etching of parts to be
welded with alkali followed by acid neutralization;

2) assembly of welded parts for welding;

3) securing the assembled part in the rotator of the welding complex;

4) execution of two ring seams for sealing the product by laser or laser-
microplasma welding in the modes listed in Table 1;

5) control of the heating temperature of the product during the welding
process and control of its temperature with the help of shielding gas flows;

6) removal of the finished product from the welding zone and diagnosis of
its stress-strain state (SSS);

7) replacement of the welded product with a new one assembled for
welding, repetition of welding processes and diagnosis of SSS.

Conclusions

1. A technological process of welding sealing of high-precision thin-
walled products of the space industry made of light alloys has been developed,
which includes: preparation of the product for welding by chemical etching of the
parts to be welded with alkali followed by acid neutralization; assembly for

welding of parts to be welded; basing in equipment and welding of the product
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with simultaneous control/management of its heating temperature; diagnosis of
the level of its stress-strain state.

2. It has been established that it is advisable to use laser welding as a
welding process for sealing high-precision thin-walled products of the space
industry made of light alloys.

3. An effective approach to minimization (elimination) of such
characteristic defects of laser welding as the formation of hot cracks and internal
pores is the simultaneous heating of the zone of action of laser radiation. Such
accompanying heating can be implemented when using hybrid laser-microplasma

welding technology.
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