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FOR PRESSURE WELDING

OF HIGH-LOAD THIN-WALLED
HETEROGENEOUS STEEL TUBULAR PARTS

Introduction. Magnetically impelled arc butt welding (MIAB) method differs from the existing arc methods by
high productivity, stable quality of welded joints, high degree of mechanization and automation of the techno-
logical process and so on. Welding is performed automatically, which significantly reduces the influence of the
operator-welder on the quality of welded joints. The optimal values of the magnetic field induction components
Jor thin-walled tubular parts with a diameter of 212 mm are determined. The basic technological parameters on
welding of tubular details in stationary conditions are defined, it is: qualitative preparation of end faces of pipes;
optimal distribution of induction of the control magnetic field (CMF); arc voltage; the magnitude and order of
programming the welding current; the rate of closure of the arc gap in the process of upset. The influence of liquid
metal melt in the arc gap during upset on the formation of welded joints of pipes is determined. Metallographic
studies showed no defects in the weld line and a relatively small area of thermal impact. Mechanical properties of
welded joints at the level of mechanical properties of the base metal. Studies have been conducted to determine the
parameters that affect the stable movement of the arc along the thin-walled edges of tubular parts and the influ-
ence of liquid metal melt in the arc gap during heating on the formation of welded joints.

Problem Statement. Pipes of small diameters (up to 220 mm) are used in various industrial enterprises and
construction of pipelines. The work requires high-performance automatic welding methods that allow obtaining
stable and reliable welded joints.

Purpose. The purpose is to raise labor productivity and to save materials by using equipment and technology
Jfor press welding of magnetically controlled arc of thin-walled tubular parts.

Materials and Methods. Steel thin-walled tubular parts with a diameter of 42mm and 212 mm, with a wall
thickness of 2.5... 3 mm were used for research on press welding. To create a control magnetic field, magnetic sys-
tems for tubular parts with a diameter of 212 mm were developed. Experimental welding was performed and
samples of welded joints of pipes with a diameter of 212 mm with a wall thickness of 3 mm were investigated. In
the course of the research, the main parameters are recorded and the welding process is controlled by computer.
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Results. The main technological parameters: preparation of pipe ends; magnitude and distribution of control
magnetic field induction; the arc voltage; the magnitude and order of programming the welding current; the rate
of closure of the arc gap during upset, which affects the formation of welds have been determined. The experi-
mental industrial technology for welding of thin-walled tubular details with a diameter up to 212 mm for the
purpose of its industrial use and the concept of the welding equipment has been developed, patents for the inven-
tion have been received.

Conclusions. The mechanical and metallographic tests have shown that the properties of welded joints are at
the level of the properties of the base metal. The use of press welding technology for tubular parts increases pro-
ductivity and automates the welding process. The influence of the bandwidth of the liquid molten metal in the arc
gap, while heating, on the formation of welded joints of pipes has been experimentally established. The main
technological parameters and their influence on the quality of welded joints in the process of heating, the ends,
and the upset of thin-walled tubular parts have been determined. Experimental industrial technology for press
welding of thin-walled tubular parts has been developed and industrial tests have been conducted, in accordance
with the customer’s requirements.

Keywords: high-load thin-walled tubular parts, press welding by magnetically controlled arc, welding techno-

logy, and formation of welded joints.

The object of this research is the joint of thin-wal-
led tubular parts for work under high loads by pres-
sure welding with a magnetically controlled arc.

The purpose of this research is to increase the
productivity of press welding of thin-walled tu-
bular parts by of a magnetically controlled arc and
to obtain high-quality joints.

Introduction. Pipes of small diameters up to
220 mm are used in various industrial enterprises
and construction of pipelines. Traditionally, for
welding pipes, the manual arc welding method
and the automatic welding in a protective gas are
used. These works require skilled welders or high-
ly efficient automatic welding techniques that pro-
vide stable and reliable welds. For a long time, the

Fig. 1. System for creating a control magnetic field

Table 1. Steel chemical composition, %

Paton Welding Institute has been conducting re-
search works on the development of automated
welding processes [1—3]. One of the developed
processes is press welding by a magnetically cont-
rolled arc (the MTAB welding).

Materials and Methods. Steel thin-walled tu-
bular parts with an outside diameter of 42 and
212 mm, with a wall thickness of 2.5... 3 mm are
used to conduct research on press welding with a
magnetically controlled arc. The chemical compo-
sition is shown in Table 1.

To create a control magnetic field, magnetic sys-
tems for pipes with a diameter of 212 mm have
been designed (Fig.1).

To conduct research, a cycle diagram of the pro-
cess for programming the technological parame-
ters of the MIAB cycle has been developed (Fig. 2).
At the beginning of the process, during time t,,
the pipes butts are compressed to ensure reliable
contact of their butts. The welding DC power supply
is activated. The pipes are spread on the arc gap
and the arc is excited. During time t,, t,,and t,, the

pipe butts are heated by welding current I, I,

Type of steel C Si Mn p S Cu Ni Cr Mo Al
St20 0.20 0.24 0.47 0.015 0.016 0.05 0.05 0.25 0.05 0.01
35 0.39 0.35 0.75 0.35 0.04 0.25 0.25
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Fig. 2. Cyclogram control of the welding process, where: 7 — welding program; 2 — process

stages; 3 — arc voltage; 4 — upset

and L,, according to the settings of the techno-
logical parameters. Having reached the specified
heat, the upset is done. Past time t, the welding
rectifier is deactivated, and so does the upsetting
drive, at time t,. The welding cycle is complete.
Uniform and intensive heating of the pipe sur-
faces to be welded depends on stable movement
of the arc under the influence of an external mag-
netic field. The speed of arc movement depends
on the arc current, induction of the control mag-
netic field (CMF), the size of the gap between the
ends, and the quality of the butt preparation.
The stability of the arc depends on the magni-
tude of the arc gap. If the gap is less than 1.2 mm,
the movement of the arc is accompanied with
short circuits of the arc gap, and increase in the
gap by more than 2.5 mm leads to disruption of the
arc. It has been established that in the case of the
MIAB welding of pipes with a diameter of 212 mm,
the gap shall be equal to 1.9 = 0.2 mm. The mag-
nitude of the radial component of the induction
of CMF in which the arc moves steadily, at the
ends, ranges within 120—140 mT. Welding is per-
formed without the use of a gas protective mix.
The welding process is influenced by various
factors. This necessitates quality control of welded
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joints. The main condition for the formation of a
welded joint is joint plastic deformation of the
welded parts. The formation of joints is influen-
ced by the following factors: the condition of the
butt surfaces (initial surface temperature, the pre-
sence of micro-irregularities, a layer of oxides and
contaminants); temperature distribution at the pi-
pe butts; the magnitude and the nature of the plas-
tic deformation of the butts during upsetting.

Fig. 3. Welded pipe joint, diameter of 212 x 3 mm
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Fig. 4. Record of the main parameters of pipe welding, where: 7 — process stages; 2 — welding cur-

rent; 3 — voltage arc

Experimental welding has been done, and the
samples of welded joints of pipes with a diameter
of 212 mm with a wall thickness of 3 mm have been
studied (Fig. 3). In the course of the research, the
main parameters are recorded and controlled by
computer (Fig. 4). The mechanical properties of
welded pipe joints are shown in Table 2.

The sample is prepared according to the stan-
dard method, with the use of high-speed grinding
wheels and diamond pastes of different dispersion.
The structure is detected by chemical etching in
a 4% HNO,solution in alcohol.

The study is performed with the use of micro-
scopes Neophot — 32 and Versomet, at different
magnifications. Microhardness is measured at
loads of 100g, on Leco M-400 microhardness tes-

Table 2. Mechanical Properties of Pipe Welds

KCV, +20 °C
Type |  Pipes o M J/sm
of steel diameter,
) mm Base Weld Base Weld
metal joint metal joint
20 212 508..525 [ 512..545 | 56..58 | 54..58
6=3 516.5 528.5 57 56
6

ter. The grain size is determined according to
GOST 5639-82. The digital images of microstruc-
tures are obtained with the use of Olympus camera.

The joint line is rather striking along the entire
height of the weld. The width of the joint line
strip ranges within 50—70 microns, in the center;
the lattice reaches 200 microns (Fig. 5). The mic-
rostructure is a ferrite-perlite mix, where perlite
is observed in the form of thin plates along the
boundaries of ferrite isolations (lamellar ferrite
with ordered and disordered phase 2).

The hardness of the joint line is HV1-2150,
2150, 1990, 2280, 2060, 2280, 2060 MPa. The HAZ
in the area of overheating (large grain) has a fer-
rite-pearlite microstructure. Perlite is isolated in
the form of individual grains and as part of a fer-
rite-perlite mix. The grain score in the large grain
area corresponds to Nos 6—5. The hardness is
HV1-1930, 2210 MPa. The width of the over-
heating area is ~ 1200—1300 microns. Away from
the joint line, the structure of the overheated area
gets reduced to minute particles; the share of per-
lite decreases, it appears mainly in the form of indi-
vidual large grains. In the area of complete recrys-
tallization, the structure is fine-grained (score 9—
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Fig. 5. Line of joint and overheated area
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Fig. 7. The structure of the base metal

10 according to GOST 5639-82), of ferrite-pear-
lite type, with dominating ferrite component. The
area width is 1400 pm, and the hardness is HV 1-
1640, 1870 MPa (Fig. 6). The total weld HAZ
width is 6800 pm.

The base metal is ferrite-perlite mix with ob-
vious traces of rolled metal (Fig. 7), the grain si-
ze of the base metal is No. 8, according to GOST

ISSN 2409-9066. Sci. innov. 2021. 17 (4)
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Fig. 8. Hardness along the line of the welded joint: Base me-
tal-HAZ-Line joint-HAZ-Base metal

Fig. 9. Appearance of the pipe butts before upset

5639-82. The hardness of the base metal is HV1-
1510-1710 MPa.

The hardness of the welded joint is measured
along the line Base metal — HAZ — Joint line —
HAZ — Base metal with a load of 100 g and a step
of 500, 300, 200, and 100 um (Fig. 8).

The studies have shown that the behavior of
the melt during the pre-upset period has a domi-
nant effect on the formation of joint in the MTAB
welding. During this period of hundredths of a
second, the surface of the ends is directly exposed
to the arc and in contact with the air environment
surrounding the welding zone. The area of liquid
melt drops may significantly exceed the area of
active spots of the arc, which allows us to con-
clude about the possibility of making high-quali-
ty butt joints at fairly long breaks in the arc pas-
sage through these areas. This conclusion is the
basis for the development of the MIAB techno-
logy for tubular parts with a diameter of 212 mm.

Fig. 9 shows samples of the pipe ends after butt
heating without upset.

The tests have been performed on welded samp-
les of Steel 20 (diameter 42 mm, wall thickness
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Fig. 10. General view of the fused butt No.1 on the cathode side
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Fig. 13. Microstructure of the fused butt on the anode side
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Fig. 15. Device for press welding of tubular parts

3 mm). The molten sample No.1 on the cathode
side (Fig. 10) has been studied. At the edge of the
sample, there is cast metal area. The thickness of
the section is 650 microns (0.65 mm), in the cen-
ter, and 450 microns (0.45 mm), on the edges.

In the ferrite-perlite structure (Fig. 11), one can
see pre-eutectoid ferrite in the form of fringes
along the faces of crystals, ferrite with an ordered
phase 2, and a small amount of polyhedral ferrite.
The hardness of the metal in the molten area is
HV1-2450 — 2640 MPa.

The molten sample No.2 on the anode side has
been studied (Fig. 12). The structure of the stud-
ied areas of the sample is the same as in sample
No.1, on the cathode side. It should be noted that
there is a larger amount of perlite in the struc-
ture. The cast area is shown in Fig. 13. The width
is 600 microns, in the center, and 300 microns, on
edges. The hardness of the cast metal is HV1-

Table 3. Main Specifications

Description Value
Maximum diameter of a pipe, mm 57
Maximum upset force, KN 45
Clamping force, maximum, kN 90
Productivity, joints per hour 60
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2130 — 2740 MPa. The macrosection of the wel-
ded joint is shown in Fig. 14.

The total width of HAZ is 4050 microns.

According to the results of the research, an ex-
perimental model of a device for pressure welding
of tubular parts has been developed (Fig. 15). The
main specifications are presented in Table 3.

During the research, patents for the invention
have been obtained [4, 5].

The optimal magnetic field induction compo-
nents for thin-walled tubular parts with a diame-
ter of 212 mm have been determined.

The main technological parameters: prepara-
tion of pipe butts; magnitude and distribution of
CMF induction; the value of the arc voltage du-
ring process; programming of the welding cur-
rent; the rate of closure of the arc gap during up-
set, which affects the formation of welded joints
have been determined.

The influence of the distribution of liquid mol-
ten metal on the butt surfaces in the process of
heating on the qualitative formation of welded
pipe joints has been established.
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PO3POBKA TEXHOJIOTII TA CTBOPEHHS JIOCJIJTHOTO
YCTATKYBAHHS J1JIA 3BAPIOBAHHA TUCKOM
BNCOKOHABAHTAKEHNX TOHKOCTIHHNX PISHOPIAHNX
CTAJTEBUX TPYBYACTUX JIETAJIEN

JUIA ITPOMUC/IOBOIO BUKOPNCTAHHA

Beryn. [Ipecose 3BaproBanHs MariTokepoanoto ayroro (II3M/1) BiapisHsaeTbCst BiJ iCHYIOUKMX IYTOBUX CIIOCOOIB BUCOKOIO
MIPOAYKTUBHICTIO, CTabiIbHICTIO SIKOCTI 3BAPHUX 3'€IHAHD, BUCOKMM CTYIIEHEM MeXaHi3allii Ta aBTOMaTH3allii TeXHOJIOTIYHO-
TO IIPOIIECY TOIIO. 3BAPIOBAHHS BUKOHYETHCS B aBTOMATUYHOMY PEKMMI, 110 3HAYHO 3HMXKYE BILJIMB OllepaTOpa-3BapHUKA HA
SIKICTh 3BAPHUX 3'€/[HAHb.

IIpoGaemaTuka. B pisHUX IIPOMUCIOBUX MIIPUEMCTBAX Ta OYAIBHUITBI TPyOOIIPOBOAIB BUKOPUCTOBYIOThCS TPyOU Ma-
sux giamerpiB 10 220 mm. [yt BUKOHaHHI pOGIT HOTPIOHI BUCOKOIPOLYKTUBHI METOAM aBTOMATHYHOTO 3BaPIOBAHHS, SIKI
JI03BOJISIIOTH OTPUMYBATH CTabLIbHI 1 HaAiiiHI 3BapHi 3’€IHAHHSL.

Merta. [ligBuienns npoyKTUBHOCTI TIPaIli Ta eKOHOMil MaTePiasiB MIJISIXOM BUKOPUCTAHHS YCTATKYBAHHS Ta TEXHOJIOTIi
TI3M/I TOHKOCTIHHUX TPyOUACTHX JeTaseil.

Marepiam it Metoau. /17151 IPecoBOro 3BapOBaHHA BUKOPUCTAHO CTaJIbHI TOHKOCTIHHI TpyGUacTi getasi giamerpom 42 Ta
212 MM, 3 TOBIIMHOIO CTiHKU 2,5—3 MM. [[JIs1 CTBOPEHHST KEPYIOUOTr0 MAarHiTHOTO M0Jist PO3POOJIEHO MArHiTHI CUCTEMU st
TpyGuacTux geraseii giamerpom 212 Mmm. BUKOHAHO eKCliepUMEeHTaIbHI 3BAPIOBAHHS Ta JI0CIIIIKEHO 3Da3KK 3BaPHUX 3'€/lHAHD
Tpy6 miamerpom 212 MM 3 TOBUMHOIO cTiHKY 3 MM. [Ipy BUKOHAHHI J0CIiZKEHD 3aCTOCOBAHO KOMIT'IOTEPHY PEECTPAILIO Ta
KOHTPOJIb OCHOBHUX [1aPaMeTPiB B ITPOIleCi 3BapIOBAHHS.

Pesyabsratu. BusmnaueHo oCHOBHI TEXHOJIOTIYHI TTapaMETPH: MiATOTOBKA TOPIIB TPYO; BETMIMHY Ta POSMOMLT IHAYKIIi
KMII; 3HaueHHs1 HANPYTH yTH; BEJIMYMHY i TIOPSIZIOK TIPOTPAMYBaHHS 3BaPIOBAJIbHOTO CTPYMY; HIBU/IKICTh 3aKPUTTSI JIyTO-
BOTO MPOMIXKKY IiJI 9aC OCAJKH, SIKi BIUIMBAIOTH Ha (DOPMYBaHHST 3BAPHUX 3’€/lHaHb. PO3PO0JIEHO TOCIIIHO-TIPOMUCIOBY
TEXHOJIOTIIO 3BapIOBaHHA TOHKOCTIHHUX TPyGYacTuX Aetasieil giamerpoM 10 212 MM 3 MeTOIO il IPOMUCIOBOTO BUKOPUCTAH-
HS Ta KOHIIEIIIII0 3BapIOBAJIbLHOTO ycTaTKyBaHHg. OTpUMaHO MAaTeHTH Ha BUHAXI/L.

BucnoBku. [Iposezeni mexaniuni Ta Metanorpadiuti icIUTH MMOKA3aJIH, 10 BJIACTUBOCTI 3BAPHUX 3'€THAHb 3HAXOSATHCS
Ha PiBHi BJIACTUBOCTEN 0CHOBHOTO MeTaury. Bukopuctanns rexmosiorii IISM/] 10380 T MiIBUIIUTH TPOLYKTUBHICTD ITpaiti
Ta aBTOMATHU3YBaTHU IIPOIIEC 3BAPIOBAHHS.

Knwouogi croea: BucokoHaBaHTaKeHi TOHKOCTIHHI TpyGYacTi geTali, 3BaploBaHHs IIPECOM 3a AOTIOMOTOI0 MarHiTHO-Kepo-
BAHOI J{yTH, TEXHOJIOTisI 3BapIOBaHH:I, (HOPMYBaHHS 3BAPHUX 3'€/[HAHb.
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