Metallophysics and Advanced Technologies © 2021 G. V. Kurdyumov Institute for Metal Physics,

Memanogi3. HOGiMHi MexHOL. National Academy of Sciences of Ukraine
Metallofiz. Noveishie Tekhnol. Published by license under
2021, vol. 43, No. 9, pp. 1167-1173 the G. V. Kurdyumov Institute for Metal Physics—
https://doi.org/10.15407 /mfint.43.09.1167 N.A.S. of Ukraine Publishers imprint.
Reprints available directly from the publisher Printed in Ukraine.

PACS numbers: 07.55.Db, 61.72.-y, 61.82.Bg, 62.20.-x, 81.20.Vj, 81.40.Wx
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Water medium harms the quality of welded joints and their mechanical prop-
erties. One of the effective ways for solving this problem is the application of
the effect of external electromagnetic field on a liquid metal pool. The aim of
carried investigations is the determination of the efficiency of use of external
electromagnetic effect for the regulation of structural transformations in wet
underwater welding with flux-cored wire. As determined, the width of crys-
talline particles can be reduced nearly two times and grains of the weld metal
and heat affected zone close to a fusion line can be 1.3—1.4 time refined. As
shown, the application of external electromagnetic effect prevents the ap-
pearance of gradients of grain size along the fusion line from face to weld
root.

Key words: underwater welding, flux-cored wire, external electromagnetic
field, heat affected zone, structure of weld metal.

Boxme cepenoBullle YMHUTL HETATUBHUI BILJIMB Ha SKiCTh 3BapHUX 3’€IHAHD i
ixui mexamiumi BimactuBocTti. OgHUM 3 e(peKTUBHUX IIIAXiB BUPIIIeHHS Ifiel
mpo6JieMy € BUKOPUCTAHHSA il 30BHIIITHBOTO €JIEKTPOMAarHeTHOTO OJIs Ha Pij-
KoMeTaJieBy BaHHY. MeTo0 IpoBeAeHUX HOCJIiIKeHb 0yJI0 BU3HAUEHHA edeK-
TUBHOCTI BUKOPHUCTAHHSA 30BHIIIIHLOI eJIeKTPOMATrHEeTHOI mii AJA KepyBaHHA
CTPYKTYPHUMH TIEPETBOPEHHAMH V Pas3i MOKPOTo MiJBOAHOTO 3BapIOBAHHS IIO-
POIIIKOBUM APOTOM. BCTaHOBIEHO MOKINBICTh 3MEHIIIEHHS MIIMPUHYA KPUCTAJTi-
TiB y II€HTPi MeTaJIy IIIBa MPAaKTUYHO BABIiUi i moaApiOHeHH 3epeH MeTajy IIBa
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Ta 30HU TEPMiUYHOI0 BILIMBY I100IM3Y JIiHil cTorienusa B 1,3—1,4 pasu. Iloxasa-
HO, III0 3aCTOCYBaHHSA 30BHIITHBOI eJIeKTPOMAarHeTHol il samobirae BUHUKHEH-
HIO I'PaJlieHTiB PO3MipiB 3epeH B3AOBK JIiHII CTOILJIEHHA BiJx JIUIEBOI ITOBEPXHI
JI0 KOpeHd IIIBa.

KaiouoBi cioBa: migBomHe 3BapIOBaHHSA, IIOPOITKOBUI APIT, 30BHIITHE €JIEKT-
poOMarHeTHe 1oJjie, 30Ha TEPMiUHOT0 BIJIMBY, CTPYKTypPa MeTaJly 3BapHOTO IIIBa.

(Received July 7,2019; in final version, April 13,2021 )

1.INTRODUCTION

Difficulties in obtaining the required level of properties of welded
joints made in an aqueous medium necessitate the use of additional
measures [1—-4]. For example, to control the structure of the weld met-
al, it is proposed to alloy [5, 6]. To increase resistance to the formation
of cold cracks, it is recommended to use temper bead [7]. Earlier exper-
iments at the E. O. Paton Electric Welding Institute, NAS of Ukraine
on underwater welding of low-alloy low-carbon steels showed that ap-
plication of external electromagnetic effect (EEE) in the process of
welding affects mechanical properties of welded joints [8—10]. These
characteristics are structure sensitive; therefore, detection of regular-
ities of formation of the welded joint structure under EEE provides the
possibility to predict structure behaviour in the process of operation.
The aim of carried investigations is the determination of EEE influ-
ence on structural transformations in welded joints made under water.

2. EXPERIMENTAL

Surfacing on plates of steel St3 of 12 mm thickness is carried out in a

Fig. 1. General appearance of samples: without EEE (a), with EEE (b). ‘A’—in
the place of base to deposited metal fusion, ‘B’—zone in weld root.
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laboratory pool at 1m depth using flux-cored wire at U,=32V,
I,=180A, V,=8m/h mode. The examinations are carried out by
methods of optical metallography using Neophot-32 and Versamet-2
(Japan) microscopes and analytical scanning electron microscopy—
SEM (SEM-515 microscope of Philips Company, Netherlands).

The samples are examined in the areas of weld metal, fusion line and
heat affected zone in the place of transfer to base metal and in the low-
er (root) part of deposit—overheating zone (coarse grain) HAZ 1,
grain-refined zone HAZ II, area of incomplete grain-refined zone HAZ
I, recrystallized zone HAZ IV, Fig. 1.

e

Fig. 2. Microstructure of metal of sample welded without EEE, in zone ‘A1’:
fusion line (x250) (a, b), I HAZ (coarse grain) (c¢), HAZ II (grain-refined) (d),
HAZIII (incomplete grain-refined) (e), HAZ IV (recrystallized) (f), x500.
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3. RESULTS AND DISCUSSION

Examination of the sample without EEE in zones ‘A1’ and ‘B1’ showed
that at transfer from base to deposited metal fusion zone—‘A’, Fig. 2,
before the area in weld root—‘B’, Fig. 3, there is noticeable coarsening
(3 times) of grain structure (on average from D, =25 um to D, =60 pm).
Presence of grain size gradient can result in strength properties gradi-
ent and decrease of metal toughness.

Bainite (B) structure is formed in HAZ metal close to face surface
(zone A2) in welding using EEE, Fig. 4. In overheating zone (HAZ I—
coarse grain), the grain size makes D,=10-30 pm at HV =3360-3830
MPa. In grain-refined zone (HAZ IT) and incomplete grain-refined zone
(HAZIII) the size of bainite grains makes D, =10-15 pym and D,=8-12
um at HV=3660-3510 MPa and HV =3220-3510 MPa, respectively.
In the recrystallized zone (HAZ IV) there is the formation of ferrite—
bainite (F-B) structure with D, = 5—8 um.

In the root part of this sample (zone ‘B2’), Fig. 5, size of the crystal-
line particles in the weld metal close to the fusion line makes A, =100—
300 um at HV=1700-1870 MPa. From HAZ side in the overheating
zone (HAZ I—coarse grain) the grain size makes D,=20-50 um at

c

Fig. 3. Microstructure of metal of sample, welded without EEE, in zone ‘B1’:
HAZ (coarse grain) (a), HAZ II (grain-refined) (b), HAZ III (incomplete grain-
refined) (¢), HAZ IV (recrystallized) (d), x250.
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HV=2970-3220 MPa. In the grain-refined zone (HAZ II) and incom-
plete grain-refined zone (HAZ III) the size of bainite grains makes
D,=10-20pum and D,=8-12pum at HV=3090-3220MPa and
HV =2540 MPa, respectively. In the recrystallized zone (HAZ IV)
there is formation of ferrite—bainite (F-B) structure with D, =4-8 um
and HV =2130-2360 MPa.

Comparison of the structural changes in HAZ metal of the examined
samples showed the next. In the sample made using EEE, the width of

Fig. 4. Microstructure of metal of sample welded with EEE, (in zone ‘A2’):
fusion line (x250) (a, b), HAZ 1 (zone of coarse grain) (c¢), HAZ II (grain-
refined zone) (d), HAZ III (incomplete grain-refined zone) (¢), HAZ IV (recrys-
tallized zone) (f), x500.
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Fig. 5. Microstructure of metal of sample made with EEE (in zone ‘B2’): HAZ I
(zone of coarse grain) (a), HAZ II (grain-refined zone) (b), HAZ III (incomplete
grain-refined zone) (¢), HAZ IV (recrystallized zone) (d), x250.

crystalline particles reduces virtually two times in the weld centre.
Close to the fusion line (deposited metal) as well as in overheating zone
(HAZ I—coarse grain zone), there is 1.3-1.4 time grain refinement.
Thus, the width of crystalline particles 4. (from the deposited metal
side) and size of grains (HAZ I) is reduced in the weld metal and HAZ of
samples with EEE in zones ‘A2’ and ‘B2’ at the absence of noticeable
gradients along the fusion line.

4. CONCLUSION

There is significant coarsening of grains of welded joint metal struc-
ture in underwater welding by in-house technology (without EEE ap-
plication) at transfer from base metal fusion zone and deposited metal
(‘A’) on the face surface up to the examination zone in weld root (‘B’).

Application of EEE leads to virtually two times decrease of the
width of crystalline particles in the weld centre. Close to the fusion line
(deposited metal) as well as in overheating zone (HAZ I—zone of coarse
grain), there is 1.3—1.4 time grain structure refinement.

In the sample, made using EEE, there is no noticeable gradient of
sizes of structural constituents at transfer along the fusion line from
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face to weld root. It should provide uniform distribution of level of
strength and ductility on the depth of base metal penetration.
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