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DEVELOPMENT OF THE TECHNOLOGY OF LASER WELDING OF A THIN-WALLED GIRTH
JOINT FOR THE MANUFACTURE OF THE HOUSING STRUCTURE OF THE SENSOR

Thin-walled products with girth welded joints are widely used in modern machine building and instrumentation, where
the quality of welded joints is subject to particularly high requirements. Welding of such products is accompanied by a
number of technological challenges, especially when laser welding is used. The main problems are the instability of
the metal remelting process due to the small diameters of the focused laser radiation, the risk of burns, lack of
penetration, pore formation, and localized weakening of the joint due to overheating. In this work, laser welding of
girth welded joints of sensor housings made of AISI 304 stainless steel was studied using a fiber laser YLR-400-WC.
Welding was performed in a pulsed mode with a frequency of 1000 Hz using high-purity argon as a shielding gas. To
ensure high quality of welded joints, special technological solutions were used: smooth increase and decrease of laser
power at the beginning and end of the welded joint to avoid cratering, use of a precision rotator with high positioning
accuracy, and modernization of the design of the welded edges. During the experiments, it was found that the original
scheme with flanging only on the cover of the sensor part led to depressurization due to overheating in the area where
the sensor contacts are attached. To eliminate this problem, a new design scheme was developed with remote flanges
on the sensor cover and flange, and a heat dissipation system with an aluminum spacer and thermal paste applied to it
was introduced. Additionally, a metal ball was used to stabilize the rotation, which reduced friction. The results of the
study confirmed the effectiveness of the proposed solutions: stable formation of a tight welded joint without defects
and local overheating was achieved. The data obtained demonstrate the prospects of using laser welding for girth
joints of thin-walled products, provided that the design of the welded elements is optimized and the thermal regime is
controlled.

Keywords: laser welding, thin-walled products, development of welded joint design, flanging, parts with a
rotation axis, stainless steels, AISI 304.

INTRODUCTION

Thin-walled products with girth welded joints play an important role in modern mechanical
engineering and instrumentation. They are used in a variety of industries, including aviation and space
technology, power engineering, food processing, chemical production, medical equipment, etc. [1-3]. These
industries have increased requirements for the quality of welded joints, as even minor defects can lead to a
decrease in tightness, loss of strength, or failure of the assembly during use. One of the most common
materials for the manufacture of thin-walled welded structures is stainless steel, in particular AISI 304 [4].
This material combines high corrosion resistance in a wide range of aggressive environments, good
mechanical properties, structural stability at low and high temperatures, and weldability without a tendency
to hot crack formation. Due to these properties, AISI 304 is a universal material for structures operating
under dynamic loads, temperature changes, and aggressive environments [4]. The Ukrainian industry
traditionally uses such welding methods as plasma, electron beam, and argon arc (TIG) welding to join thin-
walled parts with girth welds [5]. These methods can achieve a sufficient level of quality, but have a number
of limitations. Electron beam welding requires the use of vacuum chambers that limit the dimensions of the
parts to be welded; complex electron beam control systems, which significantly increases the cost and
complexity of the equipment. Although TIG welding is more flexible in application, it forms a larger heat
affected zone, which causes higher levels of residual stresses and deformations compared to other welding
methods [6-7]. In this regard, laser welding, a technology that allows for the formation of high-quality
welded joints with a minimum heat affected zone, is becoming increasingly widespread. One of the key
advantages of laser welding is the ability to weld without the use of vacuum chambers and complex
positioning systems, which significantly reduces time and resources spent on preparing the welding process.
In addition, laser welding ensures the stability of the product geometry due to minimal residual deformations
and stresses [8].

LITERATURE ANALYSIS AND PROBLEM STATEMENT

In the process of implementing both laser and electron beam welding for girth welded joints of thin-
walled products, there are problems associated with the design of the joint, since these welding methods have
small diameters of focus spots. In particular, with small wall thicknesses and concentric surfaces of the
welded parts, there is a problem of insufficient volume of melted metal in the welded joint zone [9]. This
reduces the stability of the penetration process and can lead to the formation of defects such as burn-
throughs, lack of fusion, pores, and cause a decrease in joint strength due to its local weakening [10].
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The article on electron beam welding of Mo-Ti-Zr alloy gas valve elements discusses measures to
improve the structure and tightness of welded joints [9]. It is noted that traditional methods, such as
preheating, careful edge preparation, and remelting, although reducing the risk of pore formation, were not
effective enough to ensure high ductility and reliability of welded joints. They did not solve the problem
completely, but were retained in the technological process due to their possible positive impact on structural
transformations during crystallization.

The research focused on constructive improvement of the shape of the welded edges. It was found that
one of the most effective ways to reduce the possibility of pores and crystallization cracks is to change the
geometry of the joint. The use of flanging of the welded edges made it possible to implement a more
favorable melt solidification scheme, where the primary crystallites in the process of melt solidification do
not contact the vertices but the side faces, which significantly increases the crack resistance of the weld. As a
result of the gradual improvement of the component design and assembly scheme, the manufacturability of
the welding process was improved (Fig. 1).
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Fig. 1. Three stages of modernization of the design of welded joints of the assembly: (a) welding of the
nipple with the housing “in the lock” was replaced by a scheme with a ‘collar’ fused to the nipple wall, the
housing with plugs - “in the lock™, (b) the nipple was modified for welding with an inclined electron beam,

(c) modernization of the joints of fittings in the form of flanging the edges of the joint [9].

As part of the modernization of the welded joint design, the study considered several configuration
options that affect the quality of weld formation during electron beam welding of gas valve elements.

In one of these variants (Fig. 1, b), the deflection angle and focus position of the electron beam were
adjusted, which made it possible to weld three joints in one vacuum of the welding chamber. This
significantly increased the productivity of the process. However, during the welding process, it turned out
that the existing gaps in the joints of the parts - the housing, fittings and plugs - made it impossible to
achieve the required tightness of the joints, which was confirmed during hydraulic tests. In order to eliminate
this problem, it was proposed to use the H7/p6 type fit, which provides guaranteed tension in the joint,
eliminating the gap in the joint. To implement this solution, high-precision grinding of the contact surfaces
of the parts before welding was performed. This technological addition made it possible to achieve high
assembly accuracy and ensure the tightness of the entire assembly.

, 2025, Nel (24)




© Bernatskyi A. V., Siora O. V., Yurchenko Yu. V., Lukashenko V. A., Harder D. A. 2025

Further improvement led to the development of a variant with flanging of the joint edges (Fig. 1, c),
which was adopted as the basic one. This version changed the geometry of the joint, which simplified the
positioning of the elements before welding. There is no longer a need to use a tilted beam, as was envisaged
in the previous versions. This design not only improves the manufacturability of the process, but also reduces
the likelihood of defects associated with inaccurate beam guidance. All welds made according to the updated
scheme with a “tight” connection (without a gap in the joint) demonstrated stable formation of the outer bead
(Fig. 2), which indicates the effectiveness of the design changes.

Fig. 2. Formation of girth seams with edge flanging imitating nipple- housing (a) and plug- housing (b)
connections [9].

Given that in modern work on welding thin-walled products with an axis of rotation, little attention is
paid to modernizing the design of welded joints, this area of research is relevant. The scientific development
of new approaches in this area will not only reduce the likelihood of defects, but also increase the efficiency
of the welding process, ensure reproducibility of results and expand the scope of laser technologies in
precision welding of thin-walled structures.

AIM AND OBJECTIVES OF THE RESEARCH

The aim of the work is to develop the technology of laser welding of girth welded joints made of
AISI 304 stainless steel, which is used in the manufacture of the sensor housing.

To achieve this goal, it was necessary to solve the following tasks:

1. Develop an optimal design of the welded joint.

2. To develop a laser welding process that would not cause thermal effects on the sensor part contacts
and ensure the tightness of the structure.

RESULTS OF RESEARCH

A 400 W fiber laser YLR-400-WC manufactured by IPG (Germany) was used for laser welding of the
girth welded joints of the sensor housing.

The laser radiation was focused using an optical head for laser welding with a focal length of 200 mm

(Fig. 3).

Fig. 3. 3D model of the optical head for laser welding
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For laser welding of girth welded joints of thin-walled products, an auxiliary precision process tooling was
used, which is a precision rotator (Fig. 4).
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Fig.4. Precision rotator, where 1 — servo motor, 2 — chuck for clamping the parts of rc;tation, 3- fnt headstock, 4 —
rear headstock, 5 — rear headstock pinnacle for supporting the parts of rotation, 6 — bed

Due to the presence of a bed, the precision rotator allows welding parts up to 450 mm long, and parts
with a diameter of 6...80 mm can be fixed in the chuck for clamping the parts of the rotation. The servo
motor is synchronized with the laser welding machine, which ensures a positioning accuracy of 0.1 mm and
repeatability of at least = 0.08 mm.

The precision rotator allows performing laser welding according to the scheme shown in Fig. 5.

Fig. 5. Schematic of laser welding on a precision rotator, where 1 — lens, 2 — laser beam, 3 — workpiece to be
welded

Laser welding was performed in pulse mode with a pulse frequency of 1000 Hz. As a shielding gas
for the welding zone from the ambient atmosphere, we used extra-pure argon at a flow rate of 12 I/min. To
prevent the formation of craters at the beginning and end of the welded joint, a technique of gradual ramp-up
and ramp-down of laser power at the start and end of the welding process, respectively, was employed. The
entire welding process was performed continuously, without stopping between program commands. The
housing of the sensor part is made of AISI 304 stainless steel, the chemical composition of which is shown in
Table 1. The parameters of the laser welding mode are shown in Table 2.

Table 1. Chemical composition of AlSI 304 stainless steel, % wit.

C Si Mn Ni S P Cr Cu Ti Fe
<0,08 <0,8 <2,00 (‘if (())(; <0,02 <0,035 1175080_ <0,3 <0,5 Balance
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Table 2. Laser welding parameters

Welding speed, Rotation relative to the

Welding stages v m/min Welding power, Payerage W workpiece axis, °

0,3 20 3
Increasing power 0,3 40 3
0,3 70 3
0,3 100 3

Main seam 0,3 200 365
Decreasing power 0,3 100 3
0,3 70 3

The first scheme of the welded joint design was the “cover with flanging” scheme (Fig. 6). In this
scheme, the flanging was made on the cover of the sensor detail.
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Fig. 6. Welding scheme “cover with flanging”: (a) general view, (b) welding location, where 1 — cover, 2 —

flange

In Fig. 7 the process of laser welding and mounting of the sensor detail in the rotator is shown.

Fig. 7. The process of laser welding according to the “cover with flanging” scheme, and fixing the welded
part in the rotator, where 1 — clamping chuck, 2 — sensor part housing, 3 — welded joint, 4 — tailstock, 5 —
laser welding head
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Fig. 8 shows a welded sensor part using the “cover with flanging” scheme.

Fig. 8. Welded sensor part using the “cover with flanging” scheme

After welding the part, it was discovered that the sensor contact mounting point in the flange was
depressurized, as the melting of a relatively large volume of metal caused the welding area and the
surrounding metal to overheat. Therefore, it was decided to modernize the geometry of the welded edges and
to additionally cool the housing on the side of the sensor contacts.

In the following welding scheme, it was proposed to make a flanging not only on the cover but also on
the flange (Fig. 9). To reduce the thermal effect on the sensors mounted in the flange, the welded edges were
made in the form of remote flanges measuring 0.5%0.5 mm, and an aluminum spacer with applied thermal
paste was used, which is pressed from the side of the sensor mounting point. To reduce the friction during
rotation, a metal ball was used, which fits into a special recess in the aluminum spacer and the rotator
headstock.
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Fig. 9. Welding scheme “cover and flange with flanging”: (a) general view, (b) welding location, where 1 —
cover, 2 —flange

Fig. 10 shows the process of laser welding and mounting the part in the rotator.

CYYACH! TEXHOANOM B MAWWHOBYAYBAHHI TA TPAHCAOPTI, 2025, Nel (24)



© Bernatskyi A. V., Siora O. V., Yurchenko Yu. V., Lukashenko V. A., Harder D. A. 2025

Fig. 10. The process of laser welding accordig to the scheme “cover and flange with flanging”, where 1—
clamping chuck, 2 — sensor part housing, 3 — welded joint, 4 — aluminum spacer, 5 — tailstock, 7 — metal
ball, 6 — laser welding head

As a result of laser welding, a high-quality sealed welded joint was obtained without overheating of
the surrounding metal and the sensor mounting point in the flange. Therefore, it can be concluded that the
technological decisions made were reasonable.

DISCUSSION OF THE RESEARCH RESULTS

The obtained results of laser welding of sensor parts using a pulsed mode with a frequency of 1000 Hz
and the use of high-purity argon as a shielding gas indicate the effectiveness of the proposed technological
solutions in ensuring the tightness of the welded joint without overheating of critical parts of the structure.
The implementation of gradual ramp-up and ramp-down of laser power at the beginning and end of the
welding process made it possible to avoid defects such as crater formation, which could reduce the tightness
and strength of the welded joint.

Compared with the results of a study on electron beam welding of gas valve elements made of Mo-Ti-
Zr alloy [9], we can note the commonality in approaches to improving the geometry of the welded joint as
one of the main factors in ensuring a high-quality welded joint. In contrast to electron beam welding, where
the improvement of the joint configuration made it possible to avoid crystallization cracks, the main
challenge in this study was to localize the thermal impact in order to prevent overheating of the sensors
installed in the flange. The use of remote flanges (0.5%x0.5 mm) in combination with a heat-removing
aluminum spacer with thermal paste allowed us to effectively implement the concept of a controlled thermal
regime. Such solutions were not available in the mentioned article on electron beam welding, where the
problem of heat dissipation or impact on neighboring components was not critical. Additionally, the
proposed design — a ball that reduces friction during rotation — provided increased positioning stability,
which is important for the laser welding process when the workpiece rotates. Another difference is the
approach to ensuring tightness. In the aforementioned study, achieving tightness required the use of H7/p6
type fit and high-precision surface grinding, while in the presented work it is ensured primarily due to local
control of the thermal regime, the geometry of the welded joint, and a well-thought-out choice of cooling
elements. The proposed approaches have demonstrated high efficiency, especially in conditions where even a
local temperature excess in sensitive areas of the structure is unacceptable.
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CONCLUSIONS

In the course of the research, it was found that laser welding of the sensor component details in the
pulsed mode with a frequency of 1000 Hz and the use of high-purity argon as a shielding gas ensures the
formation of a high-quality tight welded joint, provided that a number of technological measures are
followed. One of the important problems in welding thin-walled products with a axis of rotation was the
formation of craters at the beginning and end of the weld. To eliminate them, a technique of gradual ramp-
up and ramp-down of laser power at the beginning and end of the welding process, respectively, was
applied, which ensured uniform formation of the weld pool and prevented defects in the edge zones of the
joint. In addition, structural modernization of the welded edges, including the use of flanging on the cover
and the flange, as well as the use of a heat-removing aluminum spacer with thermal paste, prevented
localized overheating of the metal in the area of sensor mounting. An additional solution, such as the use
of a metal ball in the rotation system, helped reduce friction and stabilize the welding process. Thus, the
results of the research confirm the validity of the selected technological solutions. Improvements in the
geometry of the welded edges and a well-thought-out organization of heat removal made it possible to
eliminate the primary problems, in particular overheating and depressurization, and to achieve stable
formation of a high-quality welded joint.
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BinnpanioBanHs TeXHOJIOTii J1a3epHOro 3BAPIOBAHHS TOHKOCTIHHOr0 KiUJIbLEBOr0 3'€IHAHHS IJs
BUI'OTOBJICHHSI KOPILYCHOI KOHCTPYKIUII JaTYUKa

ToHKOCTIHHI BUPOOH 3 KIJBIICBUMH 3BaPHHMH 3'€THAHHSIMH IIUPOKO 3aCTOCOBYIOTBHCS B CydaCHOMY
MalrHOOYAyBaHHI Ta MpUIaA00yyBaHHI, ie 10 SKOCTI 3BapHUX 3’€HAHb BHCYBAIOTHCS OCOOJMBO BHCOKI
BUMOTH. 3BapIOBaHHS TaKUX BHPOOIB CYNPOBOIKYETHCS HU3KOIO TEXHOJIOTIYHHX BHKJIHKIB, OCOOJIMBO TPH
BUKOPHUCTAHHI Jla3epHOro 3BaptoBaHHs. OCHOBHUMH MpobieMaMy € HecTaOlIBHICTh MPoIiecy MeperuiaBieHHs
MeTajy 4epe3 Majli jJiaMeTpu c(hoKyCOBaHOTO JIa3epHOTO BUIPOMIHIOBAHHS, PH3HK MPOXKOTiB, HEMPOBAPIB,
MOPOYTBOPEHHS, a TaKOX JIOKAIbHE OCIa0JeHHs 3’€HaHHA depe3 meperpiB. Y poOOTi MpoBeIeHO
JIOCIHI/PKEHHSI JIa3epHOTO 3BapIOBAHHS KUTBIICBUX 3BapHUX 3’€JHAHb KOPIIYCIiB JATYMKIB 13 HEpkKaBirouoi
crami AISI 304 3a pmomomororo BosiokoHHOTO Jjasepa YLR-400-WC. 3paproBanHs 3miMCHIOBAJIOCS B
iMIynscHOMY pexuMi 3 yactororo 1000 ' i3 3acTocyBaHHSM BHCOKOYMCTOTO aproHy SIK 3aXHCHOTO rasy.
Jis 3a0e3meueHHst BUCOKOI SKOCTI 3BapHUX 3’ €IHaHb OYJIM BUKOPUCTAHI CIIeliaibHI TEXHOJIOTIUHI PillIeHHS:
TUTaBHE HAPOCTAHHS Ta 3MEHIIEHHS TIOTYKHOCTI JJa3epHOTO BUIIPOMIHIOBAHHS Ha MOYATKY 1 B KiHIII 3BaPHOTO
3’€IHAHHSA JJIsl YHUKHEHHS YTBOPECHHS KpaTepiB, 3aCTOCYBaHHS IMpelu3idHOro obepradya 3 BHCOKOIO
TOYHICTIO TTO3UITIIOBAaHHS, a TAKOK MOJIEpPHi3allisi KOHCTPYKIIil 3BapioBaHuX Kpaiiok. [1ig dac ekcriepuMeHTiB
BUSIBJICHO, IO MEPBICHA CXeMa 3 BiJIOOPTOBKOIO TUILKM HAa KpPHUIII AeTajJi JaT4YMKA TPU3BOIMIA JIO
po3repMeTH3allii yepe3 meperpiB y 30Hi KpiluIeHHS KOHTAaKTIB AaTyuka. [yt ycyHeHHs wi€i mpodiaemu Oyiio
PO3p0O0JIEHO HOBY KOHCTPYKTHBHY CXEMYy 3 BHHOCHMMH BiJOOPTOBKaMHM Ha KpHINLI AeTaji AaT4MKa Ta
¢maHLi, a TaKOXK BIPOBAHKEHO CUCTEMY TEIIOBIIBEICHHS 3 AJIFOMiHIEBOIO IIPOCTaBKOIO 1 HAHECEHOIO Ha Hel
TepMornacToro. JloaatkoBo st cradimizamii 00epTaHHS BHKOPHUCTAHO METaleBy KYJbKY, II0 3MEHIIyBaja
TepTs. 3a pe3yiabTaTaMH JOCIHIIKEHHS MiATBEPAXKEHO €(PEKTHBHICTh 3alPONOHOBAHUX PILICHB: JOCITHYTO
crabuibHe (HOpMYBaHHS TE€PMETHYHOIO 3BapHOro 3’€AHaHHS Oe3 AedekTiB 1 JIOKaNnbHOro Neperpiy.
OTpuMaHi JaHi JEMOHCTPYIOTh IEPCIEKTHBHICTh 3aCTOCYBaHHS JIa3€PHOTO 3BapIOBAHHS JUIS KIJIBLIEBUX
3'€JIHaHb TOHKOCTIHHUX BHPOOIB 32 YMOBHM ONTHMI3allii KOHCTPYKIIil 3BApIOBAaHUX EJIEMEHTIB i KOHTPOIIO
TEIUIOBOT'O PEXUMY.

KuarouoBi cyioBa: jasepHe 3BaplOBaHHS, TOHKOCTIHHI BHPOOH, pO3pOOKa KOHCTPYKIIi 3BapHOTO
3’€IHaHHs, BiIOOPTOBKA, JICTalll 3 BicClO o0epTaHHs, HepkaBitoui ctaii, AISI 304.
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