MexaHika Ta MaremMaTHuHi meromu / N 7 1V, Nel, 2022
Mechanics and mathematical methods 4+ Crop. 86-95/ Page 86-95

UDC 621.791.3/.8

MODELING OF WELDING PROCESSES FOR TRANSFERRING
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Abstract: The process of computer modeling occupies an increasingly important niche in
scientific and technical evolution. Modeling of welding processes provides an opportunity to make
preliminary calculations without wasting materials and to avoid rough work. Welding modeling is the
latest technology, which is used not only for economically feasible optimization of the process, but
also to predict its consequences, including thermal impact and possible deformations in the future
during structure operation. Modern software provides a wide range of possibilities, from
characterizing the external conditions under which welding takes place, namely: temperature, gravity,
pressure, etc. up to highlighting the processes that occur with the material after welding, even after
years.

Relatively recently people have begun to experiment with different technological processes in
conditions, different from the usual ones, namely Earth. Welding is no exception and is being
experimented with from underwater to space. Modeling of such processes is crucial, it doesn’t just
simplifies the work of welders, but also saves lives.

With the advent of a new goal - to perform quality welding in space - new challenges have
emerged in all areas. The astronaut's suit (spacesuit) should be more adapted to work with molten
metals, gloves should be more mobile for the astronaut to perform manipulations, a helmet with the
function of protecting the eyes from bright radiation. Creating power generators of a completely new
era, not adapted from terrestrial conditions is also a challenge. Pre-flight training of astronauts expands
the range of skills and knowledge required. Design and development of new welding machines, taking
into account important factors of work - weight, limited size, ease of use, technological versatility (one
machine performs several functions), the maximum possible automation, possible work in vacuum and
weightlessness. The question of simplicity of adaptation of this or that technology under conditions
different from terrestrial remains actual.
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MOIEJIOBAHHSA 3BAPIOBAJIBHUX ITPOLECIB IS
3ACTOCYBAHHSA TEXHOJIOT'TA Y TIO3A3EMHUX YMOBAX

Ko63ap H. ., Ygseprko €. mt

1 . o . o . . . o . . o . . . 7
Hayionanehuii mexuiunuil ynigepcumem Yxpainu «Kuiscoxuu norimexuivnuii incmumym imeni leops
Cikopcvko2o»

Anortanis: [Iponec KOMIT'IOTEPHOTO MOAETIOBAHHS 3aiiMae BCe BaXUIMBILIY HIlly B HAYKOBIiH i
TeXHIYHIN eBoJroIil. MoeOBaHHs MPOLICCIB 3BAPIOBAHHS HAJa€ MOIIMBICTD 3MIHCHUTH TONEPEIHI
po3paxyHkHu Oe3 BHTpaT MarepiaiiB i YHHMKHYTH YOPHOBOi poOOTH. MoperoBaHHSI 3BaplOBaHHS €
HOBITHBOIO TEXHOJIOTI€I0, SIKY BUKOPHCTOBYIOTh HE TIJIbKU JUII €KOHOMIYHO-IOLIIBHOTO PO3PaxyHKY
mporiecy, aje i Juis MPOTHO3yBaHHS HOT'O HACHIJIKIB, 30KpeMa TEPMIYHOTO BIUIMBY Ta MOXKIIMBHX
nedopmaniii y MailOyTHpOMYy Hpu ekciuryaTauii KoHCTpykuii. CyyacHi mporpamu Ui po3paxyHKiB
MAalOTh MIMPOKUH CHIEKTP MOKJIMBOCTEH, Bijl BCTAHOBIIIOBAHHS XapaKTEPUCTUKH 30BHILIHIX YMOB NpH
SKUX BiZOyBaeThCs 3BApIOBAHHS, a caMe: TeMIleparypa, TpaBiTallisi, TUCK 1 T. JI. O BHUCBITJIIOBaHHS
MPOIIECiB, SIKi BiIOYBAIOTHCS 3 MATEPiajIOM ITiCHIsl 3BAPIOBAHHS, HABITh Yepe3 POKH.

BinmHOoCcHO HemO#aBHO JIOAM TIOYAIM EKCIIEPUMEHTYBAaTH 3 PI3HUMH TEXHOJIOTIYHHMH
MpOLIECaMH, 3MIHIOIOUYH YMOBH, IO BIAPI3HAIOTHCS Bl 3BUYAMHUX — 3€MHUX. 3BapPIOBAHHS HE CTAJIO
BUKJTIOUYEHHSIM. 3aHYPIOBAITUCH Y BOJIY, 200 HABIIAKH JIETIIM B KOCMOC. MOJIEINIOBaHHS TAKUX MPOIIECiB
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€ HaJBaXJIMBHM, BOHO HE TUIBKH 37aTHE CIIPOCTUTH POOOTY 3BaplOBAIBHHKAM, ajie i BPATYBAaTH
KHUTTA.

3 THOsBOIO HOBOI IIiJli - BUKOHAHHS SKICHUX 3BapIOBAIBHUX POOIT Yy KOCMOCI - 3’SBHJINCH HOBI
3ajadi Mo Bcix mepeciyHux cdepax. KocTiom kocMonaBTa (ckadaHap) MOBHHEH CTaTH OiibIn
aJaNTOBaHUM TIi7i pOOOTH 3 PO3IUIABICHUMH METallaMH, PYKaBHII OiTII MOOUTBHI AT BUKOHAHHA
aCTPOHABTOM MaHIMyJALiH, MONOM 3 (PYHKII€I0 3aXHUCTy O4el BiA SCKPaBOTO BUIIPOMIHIOBAHHSI.
CTBOpEeHHSI TeHEepaTopiB JKWUBICHHS 30BCIM HOBOI €MOXHM, a HE aJanToBaHi i3 3eMHHX YMOB.
[linroToBKa KOCMOHABTIB IIeped ITOJIbOTOM PO3IIMPIOE CHEKTP IMOTPIOHMX HABHYOK 1 3HAHB.
[IpoexTyBanHS 1 po3pO0OKa HOBUX 3BapIOBAILHUX alapaTiB, BPaXOBYIOUH BaXKJIUBI (akTOpu poOOTH -
Bara, OOMEEHiI PO3MIpH, 3pYUHICTh y BHKOPHCTaHHI, YHiBepCaJlbHICTb y pOoOOTI (0JHA MarnHa
BHUKOHY€ JeKijbKa (YHKIIi), MAKCHMAIBHO MOXUIIMBAa aBTOMATH3AIlisl, MOXKJIMBAa poOOTa y BaKyyMi i
HEBAaroMocCTi. AKTyaJTbHUM 3JIUIIA€THCS MUTAHHSA IPOCTOTH aNamnTarlii Ti€i 9u iHIMO0i TEXHOJOTIT Mmif
YMOBH, BiJIMiHHI BiJl 3eMHUX.

Karouogi ciioBa: 3BaproBaHHsl, 103a3eMHi YMOBH, MOJICTFOBAHHS, TEPMIUYHUHN BILTUB.
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1 INTRODUCTION

Only 53 years ago (in 1969), Soviet cosmonauts Valery Kubasov and Georgy Shonin
performed welding in space for the first time using "Vulkan" system developed by the E.O.
Paton Electric Welding Institute. In total, they conducted three experiments — manual metal
arc, electric beam and plasma (compressed arc) welding. In 1984 (38 years ago) an extremely
important experiment was conducted on welding, cutting, soldering and spraying in open
space by Svetlana Savitskaya and VlIadimir Janibekov. These experiments launched a new,
completely unexplored field of research [1].

Space missions, which are set by modern progressive teams and companies (for example,
SpaseX) build an idea of space exploration at a very fast pace. Adapting the growing
manipulation of the lunar surface is a matter of time, not simply an opportunity, as it was
before. Mankind is currently actively studying the topic of colonization of the planets, which
offers great opportunities. Among them are new resources, new conditions for human
adaptation, new territories for life, etc.

Modern tools for forecasting and modeling provide researchers with opportunity to assess
the problems they will face in certain conditions. In particular, when studying and analyzing
welding work in conditions other than Earth's, it is possible to use models to identify
problems or, conversely, the benefits using different approaches.

2 STATE OF ART ANALYSIS AND STATEMENT OF THE PROBLEM

Welding is an important and widespread technological process for the production and
repair of structures for various purposes. However, most welding processes involve the use of
heat sources, so in most cases, when joining metallic materials, we face the effects of the
thermal cycle. In particular, thermal exposure leads to the formation of a heat affected zone
(HAZ) - the area adjacent to the joint zone, in which due to heating and further cooling
changes in structure, mechanical properties, chemical composition are observed [2].
Depending on the technology and technique of welding, thermal exposure leads to the
formation of residual deformations and stresses, which also lead to changes in the
characteristics of the structural material. Depending on the operating conditions, such changes
may even cause local damage and failure of the structure as a whole [3].

In the general case, the thermal effect of the welding process on the structure is
determined by technology (welding with or without melting the metal, the formation of the
connection gradually along the joint or simultaneously), material (heat capacity, thermal
conductivity, melting point, etc.), geometry of parts (shape, mutual location), energy
characteristics of the heat source (power, energy density, heat input) and the environment [2].
The environment, in particular, will determine the initial temperature of the parts and the
conditions of cooling and heat dissipation from the heating zone. In addition, it will affect the
need to apply protection to the welding zone.

It is obvious that when performing welding work in extraterrestrial conditions, the
characteristics of the environment will differ at least from the terrestrial ones. In addition, a
number of welding methods are gravitationally dependent, so there will be an impact on the
technology as such. Therefore, modeling, in particular, thermal welding cycles for conditions
other than terrestrial, is a relevant and interesting task.

3 RESEARCH AIM AND OBJECTIVES
The aim of the study is to model and visualize the temperature fields in the welded joint

for cases where welding is performed in extraterrestrial conditions.
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The objectives of the study are to determine the parameters for model construction and
compare, in particular, the values of the width of the HAZ under different welding conditions.

4 RESULTS

Analysis was performed for welded structures located in three most different conditions,
namely: the Earth, Mars and the Moon.

Simulation is carried out using a specialized software environment.

The structure consists of a plate and a pipe (one-sided T-joint). Dimensions of the plate:
150 x 150 mm, thickness 50 mm. Pipe dimensions: outer diameter 400 mm, thickness 20 mm,
height 400 mm. The pipe is located on the plate with a shift relative to the point of
intersection of the axes of symmetry of the plate, which makes it possible to estimate the
temperature effect in more remote areas without increasing the size and, consequently, speeds
up calculations.

Simulation was performed for single pass welding without beveled edges and without
preheating. The joint is formed in the sector of the pipe between the radii drawn at an angle of
45°,

The material of the parts an analog of 2024-A1CuMg2 alloy (solidus temperature 640°C,
liquidus temperature 500°C, latent heat - 0.922 J/kg) [4]. 2024 type alloys, alloyed with
copper and magnesium, are one of the most common in the production of aerospace structures
[5].

Aluminum alloys for aviation and space use, in particular 2024, are sensitive to heat
treatment, the heat affected zone is limited by the isotherm of 200°C [6].

The thermal impact of the process was assessed for the time stamp, which indicates the
intermediate result, immediately after the end of welding and at the thirty second after the
start of welding, when the introduction of heat into the weld is stopped, but its distribution in
parts continues.

The model is built for the case of fusion welding using a heat source of medium density ~
105 W/cmz2 at a temperature of 8000°C. To do this, the model uses the type of welding ARC
welding with the following parameters [7]:

» Welding speed - 5 mm/s

* Voltage - 17 V

* Electric current - 100 A

Heat input is 340 J/mm, i.e. is within the values recommended for arc welding of
aluminum alloys sensitive to heat treatment [8].

Other parameters of modeling of welding in the conditions of the Earth, the Moon and
Mars are given in table 1 (data taken from open sources).

Table 1
Simulation parameters for different conditions
Conditions of welding | Starting Starting part Gravity on the structure,
temperature, °C temperature, °C m/c?
Earth +20 +20 9.80665
Mars -123 (minimal) -123 3.721
Moon +116.8 (maximal) |+116.8 1.63444

Models in all cases of the image at zero coefficient of deformation.
The screenshots show the moments of maximum heating and completion of modeling
(state of the structure after 30 seconds from the beginning of the process).
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In the upper left corner is a column of temperature fluctuations, and their distribution by
color. The color changes depending on the results that are displayed on the model, so for
different simulation parameters, the same temperature can be indicated by different colors.

Results of simulation for different conditions are given on Fig.1 - 3.

Temperature [°C]
1500 51

Fig. 1. Modeling of welding in terrestrial conditions: a — 5 s after the beginning of the
process; b - completion of the welding process; ¢ — 30 s from the beginning of welding
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Fig. 2. Modeling of welding in Mars conditions: a — 5 s after the beginning of the
process; b - completion of the welding process; ¢ — 30 s from the beginning of welding
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Temperature [°C]
640.00

Fig. 3. Modeling of welding in Moon conditions: a — 5 s after the beginning of the
process; b - completion of the welding process; ¢ — 30 s from the beginning of welding
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5 DISCUSSION OF RESULTS

The model for terrestrial conditions shows that after 3 seconds from the start of welding
the most active temperature effect occurs in the area of 40x21x20 mm, and after 5 seconds
this area expands to 60x21x20 mm. 30 seconds after, the entire surface of the structure, except
for the most remote part of the corner with a bisector of 20 mm - was in conditions of adverse
temperature effects.

Models for the conditions of Mars and the Moon show a similar nature of heat
distribution, but differ significantly in temperature values.

In this simulation it is possible to observe changes in temperature in several processes,
namely - heating, welding effects, heat distribution in the structure and the cooling process.
Since all three simulations reflect a process that lasts about 7 seconds, it is obvious that
further changes in the picture are the process of cooling parts with the simultaneous spread of
heat from the hottest zone. At the lowest external temperature (-123°C - Mars) after 3 seconds
the highest temperatures are observed in the area of 42x22x21 mm. After 12 seconds the
temperature in the whole structure will rise, but at the same time its most remote edge has a
temperature lower by an average of 110°C. After welding (the time interval is marked as the
time after the 7th second), the part of the structure close to the weld has an average
temperature of + 14°C, the average temperature throughout the structure ranges from -30°C to
-3°C, and the most remote plate angle of 18x42x35 has the smallest influence, its temperature
-46.34°C.

Given the sensitivity of the material to thermal cycles (susceptibility to quenching), it can
be predicted that the reproduction of modern technological approaches to its welding will lead
to deterioration of performance due to high values of cooling rates. Therefore, it will be
advisable to either carry out pre-heating and associated heating, or switch to solid-phase
welding technology, in which the temperature of the heat source is lower than the melting
point of the metal structure.

For the conditions of the Moon on the third second the maximum temperature influence
has a site of 47x15x23 mm. After 12 seconds the whole structure is under the influence of
temperature changes, the temperature difference between its most remote edge and the
average of the structure is 150°C. After welding (the time interval is marked as the time after
the 7th second) the entire surface of the part was significantly affected, while the area
adjacent to the far corner, measuring 20x40x36 mm has an increase in temperature by only
2°C. Thus, it is possible to transfer modern technological techniques without significant
changes.

6 CONCLUSIONS

Modeling of the extraterrestrial welding process has shown that the general patterns of
heat distribution from the heat source in the part remain unchanged. At the same time, the
dimensions of the zone heated above the temperature threshold and the average temperature
of the structure differ significantly. In some cases, it is possible to directly transfer modern
technological techniques to extraterrestrial conditions.
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