MATEMATUYHI METOAMU TA MOJEJII TEXHIYHUX I EKOHOMIYHUX CUCTEM

YK 621.721.052.539.4.014

O.B. IIpoxopenko’ K.T.H., now., B. M. IIpoxopenxo’ A.T.H., mpod.,
Y.B. Iyabka? 1.T.H., npod., B. C. Cenunmun® K.T.H.

! KIII im. Irops Cikopchkoro, Ykpaina

2 TepHoMinbChKUIl HAITIOHATLHUN TexHiuHUl yHiBepcuTeT iMeni Isaa Ilymos, Ykpaina

YUCJOBE MOJEJIOBAHHSA HAIIPYKEHOI'O CTAHY 3 YPAXYBAHHAM
KIHETUKHU ®A30BUX IEPETBOPEHb Y CTUKOBOMY 3'€/IHAHHI 31 CTAJII
DC04 1A PI3BHUX TEXHOJIOT'TYHUX CXEM 3BAPIOBAHHSA

AnoTtanis. Jlns monmeni crukoBoro 3'emHanHs 31 ctami DCO04 posmipamu 600x600x10 mm
METOI0M CKiIHUEHHUX €JICMEHTIB pO3B’s3aHa HECTaIlioHapHa 3aja4a
TEPMOTIPY)KHOIUTACTUYHOCTI 3 ypaxyBaHHsSM (a30BHX IEPETBOPEHb TPU OIHOIPOXiTHOMY
3BaprOBaHHI mia (IOCOM CTUKOBOTO ImBa. JlJIS TPHOX TEXHOJOTIYHUX CXEM 3BaprOBaHHS
NPEJCTaBICHI PE3yJIbTaTH JOCHIDKCHHS HANpPYKEHOTO CTaHy 3 YpaxyBaHHSIM pPO3IOILTY
¢a3oBOro CKJIaMy y MBI B 3aJUIIKOBOMY CTaHIi, SIKi MAlOTh HAYKOBO-TIPAKTHYHY IIHHICTb IS
NIPOTHO3YBaHHs 0€3MeYHOT poOOTH 3BaPHUX KOHCTPYKITIM.
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NUMERICAL SIMULATION OF THE STRESS STATE TAKING INTO
ACCOUNT THE KINETICS OF PHASE TRANSFORMATIONS IN ABUTT
WELDED JOINT OF STEEL DC04 FOR DIFFERENT TECHNOLOGICAL

WELDING SCHEMES

Abstract. For the model of butt welded joint made from steel DC04 with dimensions:
600x600x10 mm, a non-stationary thermoelastoplasticity problem, which takes into account
phase transformations during single-pass submerged arc welding, was solved by means of the
finite element method. For three technological welding schemes, the results of study of the
stress state are presented, taking into account the distribution of the phase composition in the
weld in the residual state, which have important scientific and practical interest in terms of
predicting the safe operation of the welded structures.

Butt-welded structural elements, joined by arc welding, are the most common elements
for the manufacturing of various structures in shipbuilding, industrial and civil building: bottom
sections of welded tanks, side sections of ship hulls, etc. High manufacturing productivity of
welded flat structural elements is provided by the use of automatic submerged arc welding with
a fusible electrode, which is characterized by high rate of heat generation, which allows
elements to be welded together in a single pass. However, high heat input causes structural
transformations during welding and cooling, which are accompanied by volume changes of the
metal, which can cause the formation of welding deformations and stresses. From the works [1,
2] it is known that high-gradient thermal cycle during welding causes complex Kinetics of
thermo-deformation processes and the formation of temporary stresses and strains with their
gradual irreversible transition into residual ones, the magnitude of which could be critical for
safe operation of the welded structure, as they need to be taken into account together with
normative loads during strength analysis.
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Fig. 1. Distribution of martensite, bainite and equivalent stresses
in the residual state along the weld axis at |y|=0 for various technological
welding schemes: (a) - Fr 63; (b) - Fr 72; (c) - Fr 82

In the work for three technological welding schemes a symmetrical butt joint with
dimensions 600x600x10 mm and made from steel DC04 a compatible solution for the thermo-
elastoplasticity problem was obtained using the finite element method using the SYSWELD
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software complex [3]. The distribution of martensite and bainite structural phases, and the
equivalent stresses in the residual state along the weld axis is shown in Fig. 1.

The technological welding schemes, considered in the work, are denoted by the number
of frames needed to achieve the required accuracy of the problem to be solved: single pass
welding - "Fr_63", the back-step welding scheme with three 200 mm long sections - "Fr_72",
the back-step welding scheme with six 100 mm long sections - "Fr_82". Welding time for each
technological scheme is 120 s. The time of heating and cooling of the welded joint is 1200 s.

Based on the calculation results [4, 5] of the temperature in the nodes of the mesh
model of the welded joint, as well as the kinetics of different phase proportions in the weld, it
was established that: for "Fr_63" scheme, the weld and the heat-affected zone (HAZ) on
(99.44...100)% consists of ferrite; for "Fr_72" scheme - in two places where adjacent sections
of the back-step weld joining with each other, in the weld and HAZ, localized circular shape
regions with a diameter of ~ (20...25) mm are formed with peak values of upper bainite ~ 36%,
ferrite ~ 62%, martensite and austenite make up ~2% in total; for the "Fr_82" scheme -
distribution and the quantitative values of the phase proportions are similar to the "Fr_72"
welding scheme. Characteristic cone-shaped surfaces of the maximum values of the phase
structure considered parameter are also formed here (upper bainite ~36%; ferrite ~63%,
martensite and austenite make up a total of ~1%), above the back-step weld in the vicinity of
the junction of the adjacent sections with each other. The analysis of the distribution of
equivalent stresses for technological schemes showed that for the "Fr_63" scheme no peak
values of stresses are observed (Fig. 1, (a)), since the amount of bainite along the weld does not
exceed the average value of ~0.07%, and martensite ~0 .01%. The magnitude of stresses in the
middle of the welded joint is ~260 MPa, in the near-end regions ~267 MPa. For the "Fr_72"
and "Fr_82" schemes, as a result of metal volume changes that occur during the bainite
transformation, localized areas of increased values of equivalent stresses are formed in the weld,
which correspond to areas of increased values of bainite (Fig. 1, (b), (c)). In particular, the level
of the peak stress on the weld axis for these schemes is the same (~ (325...331) MPa) and is
~20% higher than the stress level between the peak values and the stress level for the «Fr_63»
scheme. Thus, the obtained results of the distribution of equivalent stresses show the necessity
and importance of taking into account the number of sections for performing a butt joint in
terms of the strength of the welded structure.
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