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Purpose. To find out dangerous areas of the zone of thermal impact on the basis of the research
of welding joint structure formation after laser welding of low-carbon structural steels 09Mn2Si,
10CrNiCu, 10Mn2VNb.

The methods. In research are used methods of studying the structure and fine structure of mate-
rials, namely raster electron microscopy using a scanning electron microscope PEM-10611.

Findings. The work investigates the detection of dangerous areas of the zones of thermal impact
on the basis of the research of welding joint structure formation after laser welding of low-carbon
steels 09Mn2Si, 10CrNiCu, 10Mn2VNb. The complex of studies carried out showed that the welded
joint is structurally divided into several zones. At the same time, metallographic analysis showed that
in the zones of the welded joint there is a conglomerate of structures, which contains components
characteristic both for metal in the cast state and for metal after accelerated cooling.

The originality. The established dependences show that the significant differences in structural
state were found out on the boundary between the joint and the zone of thermal impact (the boundary
between areas 1 and 2). It means that in this area a significant increase in the level of microstrength
will be observed, comparing to the other joint areas. Taking into account the width of this zone, it
should be stressed that the concentration of mechanical strength will occur in a relatively narrow zone
of the welding joint. As a result, this zone will be a potential place for the accumulation of defects
and will significantly influence the mechanical properties of the whole joint.

Practical implimintation. Improving the results obtained and conducting new research on this
topic will allow the development of improved modes of welding of high-strength steels, taking into
account the structural state and operating conditions of rolled metal.

Key words: Laser welding, low-carbon steel, welding joint structure, structural components,
welding joint zones

Introduction. While welding by traditional methods, mechanical properties of

finished articles can decrease significantly. This is because at high-speed heating and
quick cooling in the zone of weld seam a heterogeneous gradient structure is formed. This
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structure is characterized by an increased level of residual stress. One way to solve this
problem is to use welding works of highly concentrated energy flows in the technological
scheme, e.g. to use laser emission [1, 2].

Main part. Nowadays, laser welding has become one of the main processes while
manufacturing structural steel products [1]. The spread of this type of welding can be
explained, first of all, by the low level of residual stress in combination with relatively
traditional methods of welding. The decrease in the level of microstress is reached by
the application of concentrated emission while laser welding, which enables to carry
out the process in a narrow zone. [2].

Publications review (e.g. [1-4]) shows that the structure of welding joints can be
represented as a scheme given in fig. 1. According to the level of impact of high
temperatures on the metal in the zone of thermal impact, it is possible to distinguish
the following areas: the area of incomplete meltdown, the area of overheating, the area
of normalization, the area of incomplete crystallization, and the area of
recrystallization. Let's examine some of these areas in details.
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Fig. 1. Schematic representation of welding joint of low-carbon and
microalloyed steels [4]
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Area 1 is transitional from weld material to base metal. It is the area of base metal
heated to the melting temperature. While further cooling, metal crystallization occurs
in this zone. From the structural point of view, this area is characterized by the presence
of both foundry and recrystallized structural components [2-4].

Area 2 — the area of highly heated metal with recrystallized structure of austenite
[2-4].

Area 3 the area of metal heated to the temperature of phase recrystallization.
While further cooling, v — a phase transformations with anisomerous structure occur
[2-4].

Area 4 is also characterized by anisomerous features. Neat the big ferrite grains,
there are small ferrite grains formed in the process of recrystallization [2-4].

Area 5 base metal heated to the temperature Acl [2-4].

Herewith, the publications review [3-6] shows that the separation boundaries
between the areas of the joint, characterized by different structural state, are potential
places of destruction initiation. As a result, it is important to provide metallographic
quality of the indicated zones. Thus, the purpose of this work is to find out dangerous
areas of the zone of thermal impact on the basis of the research of welding joint
structure formation after laser welding of low-carbon structural steels 09Mn2Si,
10CrNiCu, 10Mn2VNb.

As a research material, low-carbon microalloyed steels 09Mn2Si, 10CrNiCu,
10Mn2VNb were selected. The chemical composition of the studied steel grades is
represented in table 1.

Chemical composition of steels 09Mn2Si, 10CrNiCu, 10Mn2VNDb revle
Steel C | Si |[Mn| Ni | S P Cr | V N |Cul| Fe
09MN2Si 10012 5| 77 1003 ] 0 11003 | 03, | 6,008 | 0 reSiduA
10eriCu 100127505 58 | .04 0035, 09 |~ 0008 06| -
oo 35 135 s oo |- |

These steels underwent thermomechanical processing under the technological
scheme of uninterrupted controlled rolling [7], the scheme of which is represented in
fig. 2.
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Fig. 2. Scheme of the thermomechanical processing regime [7]

The microstructure of the studied steels is given in fig. 3.

The analysis of the data in fig. 3 shows that for all the studied steel grades, there
Is a fine-grained ferrite-perlite conglomerate in the structure. At the same time, a perlite
component has a thinner construction (comparing to the usual, e.g. [8]). Such perlite is
called quasi-eutectoid [9].

The formation of quasi-eutectoid is conditioned by diffusion redistribution that
leads to the formation of perlite colonies at carbon concentration less than by 0,8%.

Experimental welding was performed at the equipment of E.O. Paton Institute of
electric welding NAS Ukraine. Laser was used to weld docking joints of the plates
290%140x18 mm; Nd:YAG-laser model DY 044 («Rofin Sinar», Germany) of the
capacity to 4,4 kW with focal distance F =300 mm. The emission from the laser to
the object was transmitted through optical fiber of the diameter 600 pm. While welding,
a welding head with a security system moved. The root part of the welding joint is in
the atmosphere (Ar+ CO2 ). The puddle and its tail piece were protected with the help
of the welding head nozzle. The speed of welding was 1.5 m/min.
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Fig. 3. Steel microstructure after experimental thermomechanical processing:
a, b —-09Mn2Si; ¢, d — 10CrNiCu; e, f - 10Mn2VNb

Results. The results of the research of the welding joint microstructure and after
laser welding are represented in fig. 4, 5.

The analysis of the data obtained shows that in area 1 crystallization of molten
metal occurs. In addition, the crystallization process occurs with stops caused by the
emission of latent heat of melting at the front of crystallization, and thus, by the
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decrease in the level of cooling. In some time, as a result of heat emission into the base
metal and the environment, at the front of crystallization the necessary level of
overcooling is established, the process of crystallization starts, and the front moves to
a certain gradient of distance temperatures. This mechanism leads to the formation of
the cast metal structure in a welding joint. The structure is partially inherited on the
area of incomplete melting (fig. 4 a, b, c).

Area 2 is formed due to the effect of thermal load. After the process of
crystallization, the metal of the zone has the structure of austenite. When reducing the
temperatures to the phase transformation temperature, secondary recrystallization
starts. As a result, ferrite grains are formed, while austenite is enriched by carbon, and
eutectoid transformation occurs. Thus, the metal of the area has a structure with small
ferrite grains and perlite colonies (fig. 4 b, c, d). In addition, for steel 10CrNiCu
recrystallized ferrite grains can be observed (fig.4 c). For steel 10Mn2VNDb the
appearance of Widmanstéitten type structures is observed (fig. 4 d).

Area 3 is characterized by the presence of recrystallized ferrite grains and perlite
colonies in the structure (fig. 5 a, b, e). For steel 09Mn2Si and 10Mn2VNb in the area
structure the appearance of Widmanstitten type structure (fig.5a and 5e,
correspondingly).

The formation of this structural state is conditioned by the high speed of cooling
and further normalization of the structure. The process of normalization occurs due to
the additional heating at heat response from the welding joint, and as a result, the
decrease in mechanical strength concentration and redistribution of crystal structure
defects occur.

The structural state of area 4 is formed due to the heating to the temperatures of
inter-critical interval. Such heating will lead to the formation of austenite with ferrite
as well as to the increase in ferrite grains with which there is no recrystallization
(fig. 5 b, c, ). After cooling, at this area ferrite grains are present which did not
undergo recrystallization and small ferrite grains as well, and perlite colonies formed
from austenite at phase recrystallization. At the same time, for steel 09Mn2Si and
10Mn2VNb Widmanstitten type structures are present, however, their percentage is
less than at area 3 (on average by 10%).

A compatible data analysis (fig. 4,5) shows that there are no significant
differences in the structural state between area 3 and area 4. On the other hand, the
structural state of the boundary between areas 1 and 2 is characterized by the presence
of components that are different at their morphology (pre-eutectoid ferrite, perlite,
Widmanstétten ferrite). It means that the level of microstrength on the boundary
between these areas will be much larger comparing to other areas of the welding joint.
Thus, from the energetic point of view, this area will be characterized by the increase
in the level of free energy. As a result, the accumulation of defects will occur exactly
on the boundary between areas 1 and 2.
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e

Fig. 4. Microstructure of welding joint after laser welding: a, b — steel -09Mn2Si;
c,d—10CrNiCu; e, f- 10Mn2VNDb; a, c,e —area 1; b, d, f —area 2.
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Fig. 5. Microstructure of welding joint after laser welding: a, b — steel 09Mn2Si;
c, d — steel 10CrNiCu; e, f — steel 10Mn2VNb; a, c, e —area 3; b, d, f — area 4.

With the aim of quantitative analysis of the data obtained, experimental
measurement of geometrical dimensions of the boundaries between the areas was
carried out. The data are generalized and given in table 2.
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Table 2
Geometrical dimensions of the boundaries between the areas of the welding joint

Boundary between areas | Boundary between areas
Steel grade
I ta2, mm 3 ta 4, mm
09Mn2Si 0.8 3.2
10CrNiCu 1.4 2.6
10Mn2VNb 0.6 2.4

A complex and qualitative analysis of the data shows that the size of the
boundaries between areas 1 and 2 is 2-3 times as small as the width of the boundary
between areas 3 and 4. It means that the concentration of mechanical strength occurs
in a relatively narrow zone of the welding joint. It is the zone that is the most dangerous
as for the accumulation of defects and potential destruction of welding joint.

Conclusions. 1. The work investigated the detection of dangerous areas of the
zones of thermal impact on the basis of the research of welding joint structure
formation after laser welding of low-carbon steels 09Mn2Si, 10CrNiCu, 10Mn2VNb.

2. The complex of the research that was carried out showed that welding joint can
structurally be divided into several zones, each of which has its own structural state.
Herewith, the quality of welding joint is mainly influenced by the boundaries between
structurally different areas of welding joint.

3. The metallographic analysis showed that in the welding joint there is a structure
conglomerate that has components which are characteristics both of cast metal and
recrystallized metal and quickly cooled metal (Widmanstitten ferrite).

4. The complex and qualitative analysis of the research showed that the significant
differences in structural state were found out on the boundary between the joint and the
zone of thermal impact (the boundary between areas 1 and 2). It means that in this area
a significant increase in the level of microstrength will be observed, comparing to the
other joint areas. Taking into account the width of this zone, it should be stressed that
the concentration of mechanical strength will occur in a relatively narrow zone of the
welding joint. As a result, this zone will be a potential place for the accumulation of
defects and will significantly influence the mechanical properties of the whole joint.
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AHHOTALNUA
Lean. BeisiBieHne OMacHBIX y4aCTKOB 30HBI TEPMUUYECKOTO BIUSHUS HA OCHOBAHUU UCCIICIOBAHUS
(GbopMUPOBaHUS CTPYKTYPbl CBAPHOTO COEIMHEHUS MOCIE JIa3epHOM CBapKH HHU3KOYTJIEPOJIUCTBIX
KOHCTpYKIMOHHBIX cTajieit 0912C, 10XCH/I, 10I"2Db.

Metoauka. B pabote ncnosb30BaHbl COBPEMEHHBIE METOJIbI UCCIEA0BAHUS CTPYKTYPbl U TOHKOU
CTPYKTYpPbI MaTepHaJlOB, @ UMEHHO PacCTPOBYIO JIEKTPOHHYI0 MUKPOCKOIHIO C IPUMEHEHUEM CKa-
HUPYIOLLETo 3JIEKTPOHHOT0 MUKpockomna POC-106U.

Pe3yabTaTsl. MccnenoBaHo BISIBJICHHE OMMACHBIX YUYAaCTKOB 30HBI TEPMUUECKOTO BIMSHUS Ha OCHO-
BaHUU HCCIEI0BaHUs (OPMUPOBAHUS CTPYKTYPHl CBAPHOTO COEAMHEHHUS TOCJE JTa3epHON CBapKU
Huskoyraepoaucteix craneit 0912C, 10XCH/, 10I'2db. [IpoBeneHHbI KOMILIEKC UCCIIEI0BAHUM
MI0Ka3aJjl, 4YTO CBApPHOE COEUHEHHE CTPYKTYPHO pa3JeIUuTh Ha HECKOJIbKO 30H. [Ipu 3TOM, MeTao-
rpaduyecKuil aHaM3 MOKa3al, YTO B 30HAX CBAPHOTO COEAMHEHUS MPHUCYTCTBYIOT KOHTJIIOMEpPAT
CTPYKTYP, KOTOPBIA CONEPKUT COCTABJISIONINE XapaKTePHbIE KaK ISl METaula B JINTOM COCTOSIHUU
TaK W JIs1 METaJula MOCJe YCKOPEHHOTO OXJIaXICHHUS.

Hayuynass HOBH3HA. YCTaHOBJIEHBI 3aBUCHMOCTH IOKa3bIBalOT, YTO 3HAYMTEIIBHBIE pa3ivyuus B
CTPYKTYPHOM COCTOSIHUM OOHapy’>K€HO Ha TpaHMIIe MEXAy IIBOM U 30HOH TEPMUYECKOTO BO3JEH-
CTBUS (TpaHUIa MEXIY ydacTKamu 1 u 2). OTo 03Ha4aeT, 4To B JaHHOU obnacTu OyieT HaOIr0AaThCs
3HAYUTENIbHOE YBEJIINYEHUE CTENIEHH MUKPOHAIPSHKEHU, TI0 CPAaBHEHUIO C IPYTUMH YYacTKaMH I1IBa.
VYyuThIBas IIMPHUHY JAHHOW 30HBI, BO3MOKHO 3aMETUTh, YTO KOHLIEHTPALUd MEXaHUYECKUX Harpsi-
KEHHM OyZeT MPOUCXOIUT B CPAaBHUTENILHO y3KOM 30He cBapHOro coenuHeHus. Kak cineacraue, aTa
30Ha OyJeT MOTEHIMAIbHO MECTOM JIJIsl HAKOIIJICHUS JIe()EKTOB M OCYIIECTBIISATh 3HAUUTEIbHOE BITH-
SIHHE Ha MEXaHWYEeCKHE CBOWCTBA BCETO COCTUHEHMUSI.

HpaKTuqecxaﬂ 3HAYUMOCTbD. COBepIHeHCTBOBaHI/Ie IMOJIYUYCHHBIX PE3YJIbTATOB U IMPOBCACHUA HO-
BBIX I/ICCHC,[[OBaHI/Iﬁ Io HaHHOﬁ TEMATHUKE ITO3BOJIUT pa3pa60TaTL YCOBCPIICHCTBOBAHHLIC PCIKUMBI
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CBapKH BBICOKOIIPOYHBIX CTAJIEH C YYETOM CTPYKTYPHOI'O COCTOSIHUS U YCIOBUM JKCILIyaTalluu Me-
TaJUIONPOKATA.

Kntouesnie cnosa: nazepnas ceapxa, HU3K0Y21epooucmas Cmaib, CMpyKmypa c6apHO20 COeOUHEHUS,
CMpPYKmMypHvle COCMAasAIWUe, 30Hbl CBAPHO20 COEOUHEHUSL.

AHOTAIIA
Meta. BusBnenns HeOe3MeUHUX IUISHOK 30HM TEPMIYHOTO BIUIMBY Ha ITiJICTaBl AOCTiHKeHHS (op-
MyBaHHS CTPYKTYPHU 3BAPHOTO 3'€THAHHS MICIIS JTA3ePHOTO 3BAPIOBAHHS HU3bKOBYTIICIICBUX KOHCTPY-
kiiianx cranei 0912C, 10XCH/I, 10I"2DBb.

MeToauka. Y poOOTi BUKOPUCTAHO CYy4acHI METOH JOCHIPKEHHS CTPYKTYPH Ta TOHKOI CTPYKTYpH
MartepialiB, a caMe pacTpOBY €JIEKTPOHHY MIKPOCKOIIIIO 3 3aCTOCYBAaHHIM CKaHYIOUOTO €JIEKTPOH-
Horo Mikpockorry PEM-106U.

PesyabTaTn. [{ocnimpkeHo BusiBIeHHA HEOE3MEUHNX AUISTHOK 30HU TEPMIYHOTO BIUIMBY HA MiJICTaBl J0-
CITiDKEHHST POPMYyBaHHS CTPYKTYPH 3BAPHOTO 3'€THAHHS TiCIIS JIA3EPHOTO 3BAPIOBAHHS HIU3BKOBYTIICIIC-
Bux craneit 0912C, 10XCH/I, 10I"2®Bb. IIpoBeneHuii KOMIUIEKC TOCIIKEHb ITOKa3aB, 110 3BapeHe 3'€1-
HaHHS CTPYKTYPHO PO3IUTUTH Ha KiTbKa 30H. [ Ipr iboMy, MeTasnorpadiuHmii aHai3 mokasas, 1o B 30HaX
3BapHOTO 3'€JHAHHS MPUCYTHI KOHTTIOMEPAT CTPYKTYP, KM MICTUThH CKJIaJI0BI XapakTepHi sIK IJIs Me-
TaJly B JIMTOMY CTaHi TaK i JUT1 METaJIy IiCIIsl MPUCKOPEHOTO OXOJIOKEHHSI.

HayxoBa HoBu3HA. BcTaHOBINICHI 3a1€KHOCTI TIOKa3ylOTh, 110 3HAYHI BIIMIHHOCTI B CTPYKTYPHOMY
CTaH1 BUABJICHO HA TPaHMIIl MK IIIBOM Ta 30HOIO TEPMIUHOTO BIUIUBY (TpaHULI MK AUTSHKaMu 1 Ta 2).
Lle o3nauae, 1o B MaHiit obnacti Oyie crocTepiraTucs 3HauHe 30UIBIICHHS CTYTIEHIO MIKPOHAIIPYKEHb,
MOPIBHSHO 3 IHIINUMH JUITHKAMH 11Ba. BpaxoByrour IIMPHHY 1aHOT 30HH, MOMIIMBO 3ayBKUTH, 1110 KOH-
LEHTpaLlisl MEXaHIYHUX HaMpyKeHb Oyze BiAOYBAETHCS B IOPIBHSHO BY3bKiil 30H1 3BApHOTO 3’ €JHAHHS.
Sk HacHiIOK, 1151 30Ha Oy/1e MOTEHIIATBHIM MICIIEM JIJIsl HAaKONTMYeHH 1e(eKTIB 1 311HCHIOBATH 3HAYHUI
BIUIMB HA MEXaHIYH1 BIACTHUBOCTI BCHOTO 3’ €THAHHS.

IIpakTyHa 3HaYNMIicTb. B1OoCKOHANEHHS OTpUMaHUX PE3yNbTaTiB Ta IPOBEAEHHS HOBHUX JOCIIIKEHb
TI0 JIaHi{ TeMaTulli 103BOJIUTh PO3POOUTH yIOCKOHAJIEHI PEeKUMHU 3BapIOBaHHS BUCOKOMIIIHUX CTaJleH 3

ypaxyBaHHSIM CTPYKTYpHOT'O CTaHy Ta YMOB €KCILTyaTallii MeTaJOnpoKary.

Knwuogi cnosa: nazepne 36aprosants, HU3bKO8y2leyesd Cmalb, CMPYKMYypa 36apHO20 3 €OHAHMHS,
CMPYKMYPHI CKIAO08I, 30HU 36APHO20 3 EOHAHHSL.
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