doi: 10.18323/2782-4039-2024-2-68-4

Influence of tool geometry on the formation of welded joint

during friction stir welding of the AAS083 aluminum alloy
©2024
Igor N. Zybin*', PhD (Engineering), Associate Professor,
assistant professor of Chair “Technologies of Connection and Processing of Materials”
Darya A. Buzyreva, graduate student
Kaluga Branch of Bauman Moscow State Technical University, Kaluga (Russia)

*E-mail: igor.zybin@bmstu.ru, 'ORCID: https://orcid.org/0000-0002-5738-4231

igor.zybin@mail.ru

Received 18.10.2023 Accepted 08.02.2024

Abstract: One of the important parameters influencing the formation of a weld during friction stir welding is the tool
geometry, which affects the processes of heat generation and stirring of metals in their connection zone. These processes
influence the formation of a high quality and strength welded joint without continuity defects. In this regard, it is relevant
to analyze the influence of tool geometry on the welding mode parameters, at which the welded joint is formed without
continuity defects, as well as on the welded joint strength under static tension. The work considers the influence of
the cylindrical and conical shapes of the tool pin, as well as the conical shape of the pin with a thread on its outer surface
and a spiral groove on the end surface of the tool shoulder on the welding mode parameters, at which the welded joint is
formed without continuity defects. The study shows that changing the shape of the pin working surface from cylindrical to
a conical one had no effect on the range of welding mode parameters, at which the welded joint is formed without continuity
defects. It has been found that the presence of a thread on the pin outer surface and a groove on the end surface of a tool
shoulder allows producing welded joints without continuity defects in a wider range of welding mode parameters com-
pared to a simpler tool geometry. The macrostructure of the resulting welded joints was considered. It has been found that
the studied tool geometry has almost no influence on the maximum strength values of welded joints produced by friction

stir welding and reaches 95 % of the strength of the base metal.
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INTRODUCTION

One of the modern advanced methods of joining metals
is friction stir welding (FSW). Welding is performed with-
out melting the materials being joined, which means
the absence of defects in the joint that are characteristic of
arc welding methods. High strength of the welded joint — up
to 90-95 % of the base metal strength is ensured [1; 2], and
the resulting welded joints are characterized by minimal
deformations.

It is known that the tool geometry has a significant
influence on the processes of plastic deformation and
stirring of the metal, the formation of the structure,
the processes of heat release in the welding zone, and
the mechanical properties of the welded joint [3—5]. It
plays an important role in the formation of a high-quality
welded joint without defects.

Currently, tool geometry is characterized by a wide va-
riety [6—8]. The tool consists of two main elements: a pin
and a shoulder; both are involved in the process of stirring
the metal [3], and have a strong influence on the flow of
metal during the welding process [9].

The tool pin is mainly responsible for the direction of
the plasticized material flow during welding, the trajectory
of which is quite complex [10]. The geometric shape of
the tool pin has a significant impact on the processes of

heat release in the metal joining zone, and the amount of
heat, in turn, affects the structure of a weld, the width of
the heat-affected zone, and the quality of a welded joint.
In addition, the shape of the tool pin affects the strength of
a weld [11]. The pin, in most cases, has a cylindrical or
conical surface. When using a pin with a conical surface,
the cone angle, as a rule, does not exceed 20°, which is
associated with a decrease in tensile strength and elonga-
tion at large angles. The pin conical surface may have
grooves, threads, and other elements, controlling the plas-
ticized material flow. The use of a conical pin with
a thread ensures better stirring of the metal [12; 13]. Stir-
ring the metal several times, before its deposition, helps to
remove pores and destroy oxides.

It has been found that the presence of a thread on a pin
causes a slight increase in temperature, near the pin, and
enhances the flow and mixing of metal [14]. The pin diame-
ter, as a rule, is comparable to the thickness of the samples
to be connected, and its length is tenths of a millimeter less
than the thickness of the metal. The end of a pin is usually
flat or spherical. The former is easier to manufacture, while
the latter provides less tool wear.

The shape of the tool shoulder can be flat, concave or
convex. The shoulder end surface can be smooth or with
notches, grooves and other elements. The presence of vari-
ous projections on the tool shoulder surface, such as a spiral
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groove, contributes to better stirring of the metal. The tool
shoulder, along with the pin, provides the necessary heat
generation in the zone of its friction with the parts to be
welded. Moreover, it provides compaction of the metal and
its forging during the welding process.

When selecting tool sizes, it is important to choose
the ratio of the shoulder diameter to the tool pin diameter.
This ratio plays an important role in the heat release as well
as in the stirring of the metal during welding. According to
works [15; 16], it is recommended to choose this ratio
around 3:1. In this case, better grain refinement and high
joint strength are ensured.

In the work [17], using the example of welded joints
made of AA5083 aluminum alloy it is shown that the roll-
ing direction influences the strength characteristics of
the resulting welded joint. It is necessary to consider this
fact when producing welded joints by FSW.

One of the important parameters of welding is the pro-
ductivity of the process, which can be raised by increasing
the welding speed. However, it is not always possible to
increase the welding speed, and hereby to ensure a welded
joint without continuity defects in the joint zone. Therefore,
it is necessary to know whether increasing the complexity
of the tool geometry allows expanding the range of parame-
ters of the welding mode, which ensures the production of
a welded joint without continuity defects, and whether it is
possible to increase the welding speed. Note that during
FSW, the welding speed and tool rotation frequency are
interrelated. As a rule, when increasing the welding speed,
it is necessary to adjust the tool rotation speed. These pa-
rameters directly affect the heat release processes in
the metal joining zone. Insufficient or excessive heat gene-
ration in the welding zone can lead to defects.

In the literature, there is a significant number of
works studying the influence of tool geometry on the pro-
duction of a welded joint from the AA5083 aluminum
alloy. In most cases, minor changes in process parame-
ters (typically tool rotation speed and welding speed) are
considered for this material. The depth of tool penetra-
tion into the sample is often assumed as a constant value,

although it has a significant impact on the process of
forming a welded joint. Therefore, it is of interest to
study the influence of different tool geometry shapes on
the welding mode parameters, at different depths of tool
penetration into the sample.

The purpose of this work is to study the influence of
tool geometry on the welding mode parameters, ensuring
the absence of continuity defects in the metal joining zone,
and on the strength of the welded joint under static tension.

METHODS

To carry out experimental studies on FSW, sheets of
AA5083 aluminum alloy with a thickness of 5 mm were
used, butt welding was performed. Tool geometric parame-
ters: pin diameter at the base was 6.5 mm, shoulder diame-
ter was 18.5 mm, and pin length was 4.75 mm. The pin end
surface was rounded. The cone angle of the pin surface was
20°. The tool was made of H13 alloy steel, GOST 5950-
2000, and hardened at a temperature of 1020 °C, and then
tempered at a temperature of 500 °C. The hardness of
the working surface of the tool was 53...57 HRC.

Three types of instruments were used during
the study (Fig. 1).

Welding was performed on a FSS-400R vertical milling
machine (Belarus), the spindle of which has the ability to
rotate relative to the vertical axis at an angle of +45°. The
angle of tool inclination to the vertical was constant and
amounted to 2°. The rotation frequency and welding speed
were changed discretely. Welding of the samples was car-
ried out on a substrate in the form of a Steel 20 sheet, with
a thickness of 10 mm. The rolling direction for all samples
was the same, and was chosen perpendicular to the weld.
The edges of the surfaces to be joined were milled and de-
greased with acetone before welding. The welding mode
parameters (Table 1) were considered in a wide range and
were selected taking into account the capabilities of
the equipment used at different values of tool shoulder pe-
netration into the sample. The depth of shoulder penetration
into the sample was in the range of 0.05...0.4 mm.

Fig. 1. Geometry of a tool for friction stir welding:
a — tool with a cylindrical shape of the pin; b — tool with a conical shape of the pin;
¢ — tool with a conical shape of the pin with a thread and a groove on the end surface of the tool shoulder
Puc. 1. I'eomempuueckue ghopmor uncmpymenma onss CTII:
a — UHCIMPYMEHM C YUAUHOPUYECKOU YopMOtl nuHa; b — uHCMpyMeHm ¢ KOHUYeCKoU hopmotl nuHaA;
€ — UHCMPYMEHN ¢ KOHUYECKOU (hopMOtl nuHA ¢ pe3b0oil U KAHABKOU HA MOPYEBOl NOBEPXHOCU 3AN1eUUKA
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Static tensile tests of welded samples were carried out
on an IR 5092-100 universal tensile testing machine (Rus-
sia). The dimensions of the samples are shown in Fig. 2.
At least three samples were prepared for testing in the same
mode. Fig. 3 shows the examples of samples for static ten-
sile tests.

RESULTS

After conducting experimental studies in the selected
range of welding mode parameters, the appearance of
the welded joints was examined, and macrosections of the

cross sections of the welded samples were made to identify
possible continuity defects.

Analysis of macrosections showed that when welding
samples with tools with cylindrical and conical pin surfaces
(Fig. 1 a, 1b), a welded joint without continuity defects
was produced under the following welding modes: tool
rotation speed 450-560 rpm, welding speed 31.5—
50 mm/min, depth of tool shoulder penetration into
the sample 0.05-0.4 mm. One should note that at a tool
rotation speed of 710 rpm, a welding speed of 50 mm/min,
and a depth of tool shoulder penetration into the part from
0.1...0.15 to 0.4 mm, welded joints without defects in

Table 1. Values of welding mode parameters for AA5083 aluminum alloy
Taobnuya 1. 3nauenus napamempog percumos CeapKu aromMunueso2o cniaga AMe5

Tool rotation frequency, Welding speed, Tool angle of inclination to Depth of tool shoulder
rpm mm/min the vertical, ° penetration into the sample, mm
450-1400 31.5-120.0 2 0.05-0.40
8}
N
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Fig. 2. Geometrical dimensions of the specimen for static tensile tests
Puc. 2. 'eomempuyeckue pazmepvl 00pazya Ons UCNbIMAHULL HA CMAMUYECKOe PACMISIICEHUEe

Fig. 3. Specimens for static tensile tests
Puc. 3. Obpasyvi 0151 nPoGedeHst UCRBIMAHULL HA CMATUYECKOe PACMANICEHUEe
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the joint zone were also obtained. When the depth of tool
shoulder penetration into the part was up to 0.1...0.15 mm,
the lack of fusion was usually observed in the weld root. At
a depth of more than 0.4 mm, significant burr was observed
at the periphery of the welded joint, due to the extrusion of
a large volume of metal into this zone. Examples of the
appearance and macrosections of welded joints produced
with tools with cylindrical and conical pin surfaces in dif-
ferent welding modes are shown in Fig. 4, 5.

Analysis of macrosections obtained by welding samples
using a tool with a conical pin surface (Fig. 1 ¢), which has
a thread on the outer surface and a spiral groove on
the shoulder end surface, showed that a welded joint with-
out continuity defects was produced under the following
welding modes: rotation speed tool is 450—1120 rpm, weld-
ing speed is 31.5—125 mm/min. Fig. 6, 7 show the examples
of the appearance and macrosections of welded joints pro-
duced using different welding modes.

The values of the ranges of mode parameters (tool rota-
tion frequency and welding speed) for all considered tools
are given in Fig. 8.

It was not possible to produce a welded joint without
continuity defects outside zones 1 and 2 shown in Fig. 8.

The types of main defects in welded joints produced during
FSW are given in Fig. 9.

When using tools with a smooth pin surface (Fig. 1 a,
1 b), there was no onion ring structure on macrosections
of cross sections of welded joints (Fig. 4 b, 5 b). When
using a tool with a thread on the pin outer surface
(Fig. 1 ¢), an onion ring structure was visible on
macrosections (Fig. 6 b, 7 b).

When carrying out static tensile tests on welded samples
without continuity defects produced using different tool
shapes, the ultimate stress values shown in Table 2 were
obtained. The table presents the ultimate stress values, indi-
cating the ranges of welding modes.

According to experimental data, the static tension
strength of the base metal was 327.1 MPa (average value).
The rolling direction in these samples coincided with
the tensile force direction during static tension tests.

DISCUSSION

Analysis of the results showed that in the case of all
studied shapes of the tool working surface, welded joints
without continuity defects were obtained.

b

Fig. 4. Appearance (a) and macrosection (b) of the cross section of the welded joint
produced by a tool with a cylindrical pin shape (Fig. 1 a).
Welding mode parameters: tool rotation frequency is 560 rpm, welding speed is 50 mm/min,
and the depth of tool shoulder penetration into the sample is 0.07 mm
Puc. 4. Brewnuii 6uo (a) u maxpowinugh (b) nonepeurnoeco ceuenus ceaprozo coeouneHus,
NOTYYEHHO20 UHCIMPYMEHIMOM C YUTUHOpU4ecKkou gpopmoti nuna (puc. 1 a).
Tapamempur pesxicumos céapku: yacmoma epawjenus uncmpymenma 560 o6/mun, ckopocme ceapxu 50 mm/mun,
2nybuHa eHedpenus 3anieduxa uHcmpymenma 6 oopazey 0,07 mm

a

b

Fig. 5. Appearance (a) and macrosection (b) of the cross section of the welded joint
produced by a tool with a conical pin shape (Fig. 1 b).
Welding mode parameters: tool rotation frequency is 450 rpm, welding speed is 31.5 mm/min,
and the depth of tool shoulder penetration into the sample is 0.05 mm
Puc. 5. Buewnuii 6uo (a) u maxpournugh (b) nonepeunozo ceuenusi ceapnozo coeounenus,
NONYHEeHHO20 UHCTNPYMEHIMOM C KOHU1ecKkol ghopmotl nuna (puc. 1 b).
Tapamempo pescumos ceapku: yacmoma epawjerus uncmpymenma 450 o6/muH, ckopocms ceapku 31,5 mm/mun,
enybuna eneopenus 3anievuxa uncmpymenma 8 oopaszey 0,05 mm
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a b

Fig. 6. Appearance (a) and macrosection (b) of the cross section of the welded joint
produced by a tool with a conical pin shape with a thread and a spiral groove on the end surface of the tool shoulder (Fig. I c¢).
Welding mode parameters: tool rotation frequency is 710 rpm, welding speed is 50 mm/min,
and the depth of tool shoulder penetration into the sample is 0.06 mm
Puc. 6. Brnewnuii 6uo (a) u maxpouwinugh (b) nonepeurnoco ceuenus ceaproeo coeOuHeHust, NOJIYYeHHO20 UHCTPYMEHMOM
¢ KOHUYeCKOU (hopMotl nuHa ¢ pe3vOoll U CNUPATLHOU KAHABKOU HA MOPYesoli NOBEPXHOCMU 3anieyuxa uncmpymenma (puc. 1 c).
Tlapamempul pescumos ceapxu: uacmoma spawjenus uncmpymenma 710 006/mun, ckopocmu céapku 50 mm/mun,
2nybuna eneopenus 3anievuxa uncmpymenma é oopaszey 0,06 mm

a b

Fig. 7. Appearance (a) and macrosection (b) of the cross section of the welded joint
produced by a tool with a conical pin shape with a thread and a spiral groove on the end surface of the tool shoulder (Fig. 1 c).
Welding mode parameters: tool rotation frequency is 1120 rpm, welding speed is 125 mm/min,
and the depth of tool shoulder penetration into the sample is 0.07 mm
Puc. 7. Bnewnuii 6uo (a) u maxpowinugh (b) nonepeurnoeco ceuenus ceaprnozo coeouteHus, NOIY4eHHO20 UHCTNPYMEHMOM
¢ KOHUYecKot popmoti nuna ¢ pe3vboll U CNUPAILHOU KAHABKOU HA MOPYeBOll NOGEPXHOCMU 3aniedura uncmpymenma (puc. 1 c).
Tapamempul pescumos ceapru: wacmoma spawgenus uncmpymenma 1120 06/mun, ckopocms ceapxu 125 mm/mur,
enybuna eHedpenus 3anieuuxa uncmpymenma 6 oopazey 0,07 mm

n, rom
1120

900

710

560

450
31.5 40 50 63 80 100 125 S, mm/min

Fig. 8. Rotation frequency (n) and welding speed (s) when producing butt joints by friction stir welding:
1 — zone without continuity defects (cylindrical and conical shapes of the tool pin without a thread);
2 — zone without continuity defects (conical shape of the pin with a thread
and a spiral groove on the end surface of the tool shoulder), including zone 1;
3 — zone with continuity defects (for all tool types)
Puc. 8. Yacmoma epawenus (n) u ckopocmo ceapkul (s) npu nonyyenuu cmoikogvix coeounenusi CTII:
1 — 30na omcymemeust Oepekmog cniowHOCmu (YUIUHOPUYECKas U KOHUYECKasi popma nuna uHcmpymenma oes pe3ooot);
2 — 30Ha omcymcemesus 0eghekmos CnaouHocmu (KoHuueckas popma nuna ¢ pe3vooil u CHUPAILHOU KAHABKOU
Ha Mopyesoil NOBEPXHOCMU 3aNAEHUKA UHCIMPYMEHMA), KAI0YAIOWAs 8 cebs 301y 1;
3 — 30na nanuuus deghekmog cniownocmu (0114 8cex Muno8 UHCMpyMeHmog)
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a

b

Fig. 9. Main types of defects of welded joints produced by friction stir welding:
a — faulty root fusion; b — lack of fusion
Puc. 9. Ocnosnvie 6udbt depexmos ceapuvix coedunenutl, noryuennoix npu CTII:
a — Henposap 8 KopHe céapHo2o wed; b — necnnaenenue

Table 2. Welding mode parameters and ultimate stress limits of welded joints, which ensured the production

of a welded joint without continuity defects

Tabnuya 2. [lapamempul pescumos céapku u npedeibl NPOYHOCMU CEAPHLIX COCOUHEHUL, NPU KOMOPLIX 06eCnevusanocs

NOJIYYeHUe C8APHO20 COeOUHeHUs: Oe3 depeKmos CnioWHOCHU

Welding mode parameters
Ultimate stress range,
. . Depth of tool shoulder (average value),
Tool rotation frequency, Welding speed, penetration into the sample, MPa
rpm mm/min
mm
Tool with a cylindrical pin shape (Fig. 1 a)
450-560 31.5-50.0 0.05-0.40
304,3-318,8 (310,4)
710 50.0 (>0.10...0.15)-0.40
Tool with a conical pin shape (Fig. 1 b)
450-560 31.5-50.0 0.05-0.40
308.5-313.6 (311.5)
710 50.0 (>0.10...0.15)-0.40
Tool with a conical pin shape with a thread and a spiral groove on the end surface of the tool shoulder (Fig. 1 c)
450-1120 31.5-125.0 0.05-0.40 306.0-313.4 (309.7)

In the works of other authors, there is no information on
changing the ranges of welding mode parameters (tool rota-
tion frequency and welding speed) for the production of
defect-free welded joints, including the values of these pa-
rameters when using a tool without a thread on the pin, as
well as with a thread on the pin and a spiral groove at
the tool shoulder end surface.

It is found that for cylindrical and conical pin shapes,
the ranges of rotational speed and welding speed, at
which a welded joint without continuity defects is en-
sured, coincide. The influence of replacing a cylindrical
pin shape with a conical one on the parameters of weld-
ing modes for producing defect-free welded joints was
not identified in this work.

The thread on the pin outer surface, and the spiral
groove on the tool shoulder end surface (Fig. 1 c¢) signifi-
cantly improve the conditions for forming a welded joint,
which allowed producing welded joints without continuity
defects in a wider range of welding mode parameters (rota-
tion frequency and welding speed), compared to a simpler

geometry tool (Fig.1a, 1b). By increasing the welding
speed, the process productivity can be increased.

Faulty root fusion (Fig. 9 a), as a rule, is characteris-
tic of a low number of revolutions and high welding
speed, which leads to insufficient mixing and plasticiza-
tion of the metal, and heat supply to the welding zone.
Lack of fusion (Fig. 9 b) was often observed at a large
number of revolutions and different welding speeds,
which is likely caused by the excessive heat generation
in the metal joining zone.

The presence of an onion structure in welded joints pro-
duced by a tool with a pin, having a thread on the outer
surface and a spiral groove on the shoulder end surface, is
explained by the fact that layers of metal are extruded along
the threaded groove of the pin with each revolution of
the tool. The onion ring shape caused by different distri-
bution of grain sizes along the spiral [18] is typical when
using a tool with a pin having a thread on the surface to
produce welded joints from aluminum alloys, including
the AA5083 alloy [19]. When using a tool with a smooth
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pin outer surface, the metal is stirred in the welding zone
constantly and monotonously, and not intermittently.
The presence of an onion structure characterizes better
conditions for the formation of a weld, which allows
using the higher welding speeds to produce welded joints
without continuity defects.

The thread on the pin surface contributes to greater
grain refinement in the welded joint area. According to
the Hall-Petch equation, a decrease in grain size leads to
an increase in tensile strength [20]. The experimental
studies carried out in the work showed that the maximum
values of the ultimate strength obtained for all consid-
ered tool geometry forms, are close to each other and
amount to about 95 % of the strength of the base metal,
i. e., the tool geometry did not affect the maximum va-
lues of the ultimate strength.

It was found that when using a cylindrical pin shape and
a depth of tool shoulder penetration into the sample not
exceeding 0.1...0.15 mm, the maximum value of the tensile
strength reached 213.6 MPa (65 % of the strength of the
base metal). For a conical pin shape with the same shoulder
penetration depth, the maximum value of the ultimate
strength reached 295.7 MPa (90 % of the strength of the
base metal). In the work [21], when producing welded
joints from aluminum alloys, including AA5083 aluminum
alloy with a thickness of 0.8...3 mm, using a tool with
a conical pin without a thread, it is recommended the tool
shoulder to be penetrated into the sample to a depth of
0.1...0.15 mm, since at other depths, defects are formed in
the weld. In our case, when using a pin with a thread on
the outer surface and a spiral groove on the shoulder end
surface, the maximum values of the tensile strength did not
depend on the depth of tool shoulder penetration into
the sample. It should be noted that, as a rule, when the
shoulder penetration depth does not exceed 0.1...0.15 mm,
subsequent mechanical processing of the welded joint to
remove burr is not required.

The above indicates that at small depths of tool shoulder
penetration into the sample, its geometry has a special in-
fluence on the processes of stirring metals in the welding
zone. It is known that the tool shoulder is responsible for
stirring the metal in the upper third of the sample thickness,
and this stirring is enhanced in the presence of a spiral
groove [9]. The presence of such a groove improves stirring
due to the involvement of a larger volume of metal, in
the process of plastic deformation, and stirring, a larger
surface area of contact between the tool and the metal,
which leads to a higher temperature in the joint zone, and
lower viscosity of the metal. The use of a tool shoulder with
a spiral groove on the end surface together with a threaded
pin helps to achieve a higher tensile strength compared to
the flat form of the shoulder, when penetrated into the sam-
ple to a depth of no more than 0.1...0.15 mm.

Studies aimed at analyzing the depth of tool penetration
into the sample, which ensures maximum strength of
the welded joint, have not been previously carried out for
the cases of tool geometry and AAS5083 aluminum alloy
considered in the work. The results obtained are important
in terms of performing welding with minimal amounts of
tool shoulder penetration into the sample. In this case, there
is no need for subsequent mechanical processing of the

weld to remove flash, which reduces the cost of manufac-
turing welded products.

Experimental studies have shown that with a cylindri-
cal tool without a thread on the pin, it is possible to ob-
tain the strength of the welded joint at the same level as
a tool with a thread on the pin, and a groove on the shoul-
der end surface.

The work [22], when analyzing the influence of the wel-
ding mode parameters of the AA5083 aluminum alloy on
the defectiveness of the welded joint structure, noted
the importance of the heat input coefficient defined as
the ratio of the welding speed to the tool rotation frequency,
and characterizing the heat introduced into the welding
zone. In [23], defect-free welded joints from AAS5083 alu-
minum alloy were produced at a given ratio in the range of
0.05...0.26 mm/rev. The author [21] found that the heat
input coefficient when forming AAS5083 aluminum alloy
welded joints, without continuity defects, corresponded to
the range of 0.058...0.187 mm/rev. Analysis of the results
of experimental studies carried out in this work showed that
the heat input coefficient in zones 1 and 2 (Fig. 8) corre-
sponds to values in the range of 0.056...0.11, which is con-
sistent with the data of [21; 23].

CONCLUSIONS

Changing the shape of the working surface of the tool
pin from cylindrical to a conical one, had no effect on the
choice of the range of welding mode parameters ensuring
the absence of continuity defects, as well as on the static
tensile strength.

The presence of a thread on the working surface of
the tool pin, and a spiral groove on the shoulder end sur-
face, leads to the formation of a welded joint without conti-
nuity defects in a wider range of mode parameters com-
pared to tools without the above elements.

The maximum tensile strength values for joints pro-
duced using cylindrical and conical pins without threads,
are ensured, when the shoulder penetrates into the sample
to a depth of more than 0.1...0.15 mm, and for a conical pin
with threads — from 0.05 mm.

For all considered forms of tool geometry, the maxi-
mum values of the static tensile strength reached 95 % of
the strength of the base metal.
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Annomayua: OIHAM U3 BaXXHBIX [IAPAMETPOB, BIHSIOMIX HA ()OPMHPOBAHKUE CBAPHOTO IIBA NP CBAapKE TPEHHUEM C IIe-
pEMELINBaHUEM, ABISIETCS TEOMETPUSI HHCTPYMEHTA, KOTOpask BIMSIET HA MPOLECCH! TEIUIOBBIACICHHS U IEPEMELINBAHMS Me-
TaJUIOB B 30HE coemuHEeHU. OT MPOTEKaHMs 3TUX MPOLECCOB 3aBUCHUT MOJyYEeHNE KAYECTBEHHOTO M MPOYHOTO CBAPHOTO CO-
enuHEeHUs 0e3 1e(heKTOB CIUTONTHOCTH. B CBSI3M ¢ 3TUM NPENCTaBISETCS aKTyaIbHBIM aHAIN3 BIMSIHUSI T€OMETPUH HHCTPYMEH-
Ta Ha MapaMeTpsl PeKUMa CBapKH, IIPH KOTOPBIX CBAPHOE coeAMHEHNE (hopMHUpyeTcs 6e3 Ae()eKTOB CIUIOIIHOCTH, a TaKXKe Ha
MPOYHOCTH CBAPHOTO COEIMHEHUS IIPH CTAaTHYECKOM pacTsHKEeHNH. B paboTe paccMOTpeHO BIMSHUE [MINHAPHIECKON U KOHU-
4yecKol ()opM NMHMHA MHCTPYMEHTA, a TakKe KOHMYECKOH (OpMBbI NIMHA ¢ pe3b00i Ha HAPYKHOW MOBEPXHOCTH U CHHUPAILHON
KaHAaBKOM Ha TOPIIEBOM MOBEPXHOCTH 3aIlIeYlKa HHCTPYMEHTA Ha MapaMeTphl peKHMa CBApKHU, IPU KOTOPBIX CBApHOE COEAH-
HeHue popmupyercs 6e3 aedekToB crutonHocTy. [lokazaHo, 4To M3MeHeHne GpopMbl paboueli HOBEPXHOCTH NHMHA C IMINH]I-
pHUUECKOM Ha KOHMUYECKY!O HEe OKa3aJIo BIUSHUS Ha JUATIa30H MapaMeTpoB pexuMa CBapKH, IPU KOTOPHIX CBAPHOE COETUHEHNE
(opmupyetcst 6e3 1eheKTOB CINIONIHOCTH. Y CTAHOBJICHO, YTO HAJIMYKE Pe3b0bl Ha HAPYKHOM MOBEPXHOCTH ITMHA Y KAHABKH HA
TOPILIEBOI TTOBEPXHOCTH 3aIljIeUrKa MO3BOJISIET IOTy4YaTh CBApHBIE COCAMHEHUs Oe3 1e(heKTOB CIUIOLIHOCTH B O0JIee MIMPOKOM
JMara3oHe MapaMeTpoB PEeXHMMa CBApKU MO CPABHEHMIO ¢ Oojee MpocToil reoMeTpueil MHCTpymMeHTa. PaccMoTpeHa Makpo-
CTPYKTypa CBapHBIX COCAMHCHHUH, IOIYYCHHBIX IPH HCIIONB30BAHUHN PA3/IMIHBIX TE€OMETPHIECKUX (JOPM MHCTPyMEHTA. YCTa-
HOBJICHO, YTO PACCMOTPEHHAs! TEOMETPHS MHCTPYMEHTA MPAKTHIECKU HE BIMSIET HA MAKCUMAIIbHBIE 3HAYEHNS IPOYHOCTH CBap-
HBIX COCZIMHEHHNH, MOJIydeHHBIX CBAPKOH TPEHHEM C IEPEMEIINBAHNUEM, U IOCTUTAeT 95 % OT MPOYHOCTH OCHOBHOTO METAIIA.

Kniouesvie cnosa: cBapka TpeHueM ¢ nepeMemBaHueM; AMrS; reoMeTpuss HHCTPYMEHTA; MPOYHOCTh CBAPHOIO CO-
enmHeHus 6e3 1e(heKTOB CIUIOIIHOCTH.

Jna yumupoeanusn: 3p16uu U.H., By3sipesa /I.A. BiusHue reomerpun HHCTpyMeHTa Ha ()OPMHUPOBAHUE CBAPHOTO CO-
€/IMHEeHUsI TIPH CBapKe TPEHUEM C MepeMelIBaHieM anoMuHueBoro criasa AMrS // Frontier Materials & Technologies.
2024. Ne 2. C. 43-52. DOL: 10.18323/2782-4039-2024-2-68-4.
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