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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. 
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field, heat affected zone, structure of weld metal. 

Водне середовище чинить негативний вплив на якість зварних з’єднань і 
їхні механічні властивості. Одним з ефективних шляхів вирішення цієї 
проблеми є використання дії зовнішнього електромагнетного поля на рід-
кометалеву ванну. Метою проведених досліджень було визначення ефек-
тивності використання зовнішньої електромагнетної дії для керування 

структурними перетвореннями у разі мокрого підводного зварювання по-
рошковим дротом. Встановлено можливість зменшення ширини кристалі-
тів у центрі металу шва практично вдвічі і подрібнення зерен металу шва 
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та зони термічного впливу поблизу лінії стоплення в 1,3–1,4 рази. Показа-
но, що застосування зовнішньої електромагнетної дії запобігає виникнен-
ню ґрадієнтів розмірів зерен вздовж лінії стоплення від лицевої поверхні 
до кореня шва. 

Ключові слова: підводне зварювання, порошковий дріт, зовнішнє елект-
ромагнетне поле, зона термічного впливу, структура металу зварного шва. 
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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 1 m depth using flux-cored wire at Ua = 32 V, 

Iw = 180 A, Vw = 8 m/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 I, 

grain-refined zone HAZ II, area of incomplete grain-refined zone HAZ 

III, recrystallized zone HAZ IV, Fig. 1. 

 

 

 

Fig. 2. Microstructure of metal of sample welded without EEE, in zone ‘A1’: 
fusion line (×250) (a, b), I HAZ (coarse grain) (c), HAZ II (grain-refined) (d), 

HAZ III (incomplete grain-refined) (e), HAZ IV (recrystallized) (f), ×500. 
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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 Dg = 25 µm to Dg = 60 µm). 

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 Dg = 10–30 µm at HV = 3360–3830 

MPa. In grain-refined zone (HAZ II) and incomplete grain-refined zone 

(HAZ III) the size of bainite grains makes Dg = 10–15 µm and Dg = 8–12 

µm 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 Dg = 5–8 µm. 
 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 hcr = 100–
300 µm at HV = 1700–1870 MPa. From HAZ side in the overheating 

zone (HAZ I—coarse grain) the grain size makes Dg = 20–50 µm at 

 

 

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) (c), HAZ IV (recrystallized) (d), ×250. 
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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 

Dg = 10–20 µm and Dg = 8–12 µm at HV = 3090–3220 MPa and 

HV = 2540 MPa, respectively. In the recrystallized zone (HAZ IV) 

there is formation of ferrite–bainite (F–B) structure with Dg = 4–8 µm 

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 (×250) (a, b), HAZ I (zone of coarse grain) (c), HAZ II (grain-
refined zone) (d), HAZ III (incomplete grain-refined zone) (e), HAZ IV (recrys-
tallized zone) (f), ×500. 
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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 hcr (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 

 

 

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) (c), HAZ IV (recrystallized zone) (d), ×250. 
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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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