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THE INFLUENCE OF WELD POOL HARMONIC
OSCILLATIONS BY FREQUENCY UP TO 4,5 HZ
ONTO THE METAL STRUCTURE FORMATION
OF WELD BEAD AND HEAT AFFECTED ZONE

BMJINB FAPMOHINHUX KOJINBAHb 3BAPIOBAJIbHOI BAHHUN
YACTOTOIO 10 4,5 'y HA ®OPMYBAHHSA METAJIEBOI CTPYKTYPU
HAMNABJIEHUX BAJIUKIB TA 30HU TEPMIYHOIO BIJINBY
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Abstract. A comparative metallographic analysis of the welded metal and heat affected zone
of weld beads that obtained with application of the weld pool transverse harmonic oscilla-
tions with amplitudes of 0.5 and 4 mm and a frequency range from 0 to 4.5 Hz is given. The
character of the structure formation in the cross section of each welded bead in the center, in
the root part and at the fusion line is described. The main structural components of the welded
metal are various forms of ferrite and perlite. The significant differences in the structure of
the welded metal samples which obtained by surfacing process at an amplitude of 4 mm is

shown. Corresponding illustrations are given.
Keywords: weld bead; acicular ferrite; amplitude; frequency; microstructure; crystallite.

AnoTanis. HaBeneHo mopiBHUIBHUM MeTanorpadiqHil aHaNi3 HAIUIABICHOTO METaly Ta
MeTally 30HH TepMi4HOTO BIUIMBY BAJIMKIB, OTPMMAHUX HAIUIABJICHHAM B yMOBax IIOIepe-
YHHUX TapMOHIHHUX KOJIMBAaHb 3BAPIOBANBGHOI BAHHH y YacTOTHOMY Aiama3oHi Bix 0 no 4,5 I'n
ta 3 ammritygama 0,5 ta 4 MM. OnrcaHo XapakTep CTPYKTypHOTO (hOpMYyBaHHS KOXKHOTO
BaJMKa y ICHTPi, OLIs JiHIi CIIaBIIeHHS Ta KOPHI IIBa MOMEPEYHOro rnepeTuHy. OCHOBHU-
MU CTPYKTYpHIMH KOMITOHCHTAMH HAIUIABJICHOTO METAIy € pi3Hi popMu (hEepuTy Ta mepIIiT.
Haii6inmpi cyTTeBi BITMIHHOCTI Y CTPYKTYpPi HAaIUTaBICHOTO METAIy 3pa3KiB CIIOCTEPIraroTh-
Cs TIpU KOJIMBAHHSAX 3 aMILTITY1010 4 MM. HaBenieHo BiAmOBiHI imrocTparii.

Koarouogi ci1oBi: HariaBpineHuit BaJIMK; ro4acTiii pepyT; aMILIiTy 1a; 4aCcTOTa; MIKPOCTPYK-
Typa; KpUCTAJIT.

Annortanus. [IpuBeieH CpaBHUTEIBFHBINA METAIUIOTPAQHUSCKUI aHATN3 HATUIABJICHHOTO Me-
Tajula ¥ MeTajljla 30Hbl TEPMUYECKOTO BIIMSHUS BAJIUKOB, MOJYYEHHBIX HAIUIABKOM B yCJO-
BUSIX TIONIEPEYHBIX TAPMOHUYECKHAX KOJICOAHUIT CBApOYHOW BaHHBI B YACTOTHOM JIHAITa30HE
or 0 1o 4,5 ' u ¢ ammmurygamu 0,5 u 4 mm. OmmcaH XapakTep CTPYKTypHOTO (GpopMu-
POBaHMS Ka)KJI0r0 BajMKa B LIEHTPE, BO3JIE JIMHUU CIUIABJIEHUS U KOPHE I11IBa MONEPEYHOTO
ceyeHust. OCHOBHBIMU CTPYKTYPHBIMU KOMIIOHEHTaMH HAILIABJICHHOI'O MeTallja SIBJISIFOTCS
pasnmunbie hopMbl Gepputa U nepauta. Hanboee cylecTBeHHbIC pa3iIHdus B CTPYKType
HATUIABJICHHOTO METalula 00pa3IoB HAOIIOAOTCS MPHU KOJIEOAHHSX C aMIUIUTYIOH 4 MM.
IIpuBeeHbl COOTBETCTBYIOIINE UILTIOCTPALIMH.

KiroueBble c/jioBa: HAIUTaBICHHBIH BajJHK;, WTOJBYATHI (PEppHUT; aMIUIUTY[A; YacToTa,
MHUKpPOCTPYKTYpa; KPHCTAJUINT.
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Problem statement. The increase of welding
constructions technological strength is always being
the actual problem. Nowadays, the more simplest and
cheapest method of technological strength increase is
mechanical low-frequency acting over weld pool melt or
welding tool.

Latest research and publications analysis. How-
ever, methods are used that based on application of pulse
welding processes managed by given algorithms [1],
welding pulse-arc adaptive methods [2], methods of pe-
riodic influence on the weld pool melt by magnetic fields
[3].

These technologies effectiveness is due to the use
of frequencies above 5 Hz. The effect of the frequency
range below 5 Hz with mechanical oscillations has not
been studied enough.

THE ARTICLE AIM is detecting of influence char-
acter of mechanical low-frequency periodic influence on
weld metal structure were carried out metallographic re-
searches of surfacing samples are obtained at frequencies
up to 4,5 Hz by technological mode: /=215 A; U=26V,
V=36 m/h.

Welding torch

Surfacing sample

Oscillation desk

Fig. 1. Scheme of weld pool harmonic oscillations

Basic material. The weld pool oscillation character
is shown by Fig. 1, herewith, under amplitude have to
understand there the length of site of circumference on
which the it is welding torch maximum bias from verti-
cal axle. The angle value of deviation from vertical is
not more than 10°. A surfacing samples are low-carbon
steel plates with thickness of 8 mm. The surfacing pro-
cess is acted by weld wire named ER70S-6 with diameter
1,2 mm. As gas used in the experiments was technical
CO, — 99,5 %, gas flow rate of 9...12 I/min. The weld
pool oscillations are carried through by a programming
stepper motor. The amplitude-frequency modes of sur-
facing processes of samples are shown in table 1. Welded
samples has had polished to 14 class of clean and then
were etching in 4 % alcohol solution of nitric acid for a
10 sec. before microstructure researches. A research of
structure of welded metal was carried out by microscope
NEOPHOT - 32 and digital camera OLYMPUS.

The researches of cross-sections of weld beads have
been carried out by scheme is shown on Fig. 2.

Researches of welded metal showed a formation
of structure with classical crystallites orientation —
crystallites are growing perpendicular to the divide

Table 1. The values of amplitude-frequency characteristics at
which specimens were obtained

Specimen number | Frequency, Hz Amplitude, mm

1 Without oscillations
2,5
3
4
4,5
3,7
3,8
3,9
4

0,5

O || Q[N || W N
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Fig. 2. The scheme of measure:
1 — center of bead; 2 — near fusion line; 3 — in a root part

plane of the weld pool metal and the base metal. The
enlargement of crystallites occurs more intense with
a distance increase from fusion area of the weld pool
metal and the base metal [4]. The metal structure of all
welded samples is the same and consists from different
ferrite modifications (polygonal, polyhedral, acicular)
and perlite. The polygonal ferrite is observed like a thin
elongate phases located along of the cast crystallites
borders. Polyhedral ferrite is observed like clusters of an
equiaxial ferrite grains.

The acicular ferrite is observed in bodies of cast
crystallites and looks like plates with so-called “basket
weave”. The perlite is observed like dispersed phases
located along of the ferrite grains borders. The described
structure is more typical for the samples 3—5 (Fig. 3). The
character feature of the primary structure of samples 1-3
is a dominance of the cellular cast structure in the root
part of welded beads. The cells have some elongate form.
The ferrite—perlite structure is observed in a base metal
of all samples.
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The mixture of lower and upper bainite with
dominance of the first one is observed as in the large
grain region (LGR) and as small grain region (SLR) of
(HAZ) of samples 1-5.

The basic structural components of a metal of
welded bead of sample 1 are small-acicular ferrite,
narrow streaks of polygonal ferrite and a small areas of
polyhedral ferrite (Fig. 4).

The characteristic feature of microstructure sample 2
is the exist thinner areas of polygonal ferrite and small
areas polyhedral ferrite as well, by compared other
samples (Fig. 5).

The characteristic features microstructure of sample
6 are observably more widely areas of polygonal ferrite
located along boarders of cast crystallites, greatly
enlarged plates of acicular ferrite as well. The HAZ-
microstructure besides basic ferrite—pearlite structure
contains small bainite areas near fusion line (Fig. 6).

The characteristic feature of microstructure sample 7
is an enlarged size of plates of acicular ferrite (Fig. 7).
The HAZ-microstructure composition of samples 6-9 is
a mixture of bainite, ferrite, perlite.

The welded metal crystallization of sample 8 has
predominantly a cellular structure with the selection of
polygonal ferrite phases, as well. A cellular character of
crystallization is more inherent for root part. Besides,
microstructure crystals are less elongated to direction of
temperature gradient to compared other samples (Fig. 8).

The microstructure of sample 9 has a plates of
acicular ferrite are some large compared other samples
and it is observed more emphasizing of polyhedral
and polygonal ferrite compared with sample 1 as well

(Fig. 9).

Fig. 3. Microstructure of sample 3, X200:
a — center of bead; b — near fusion line; ¢ — root part

Fig. 4. Microstructure of sample 1, x200:
a — center of bead; b — near fusion line; ¢ — root part
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Fig. 5. Microstructure of sample 2, x200:
a — center of bead; b — near fusion line

Fig. 6. Microstructure of sample 6, x200:
a — center of bead; b — near fusion line; ¢ — root part

Fig. 7. Microstructure of sample 7, x200:
a — center of bead; b — near fusion line; ¢ — root part

Fig. 8. Microstructure of sample 8, x200:
a — center of bead; b — near fusion line; ¢ — root part
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Fig. 9. Microstructure of sample 9, x200:
a) center of bead; b) near fusion line; ¢) root part

CONCLUSIONS. The crystallites classical
orientation is observed in all the samples, i.e. the
crystals grow perpendicular to the separation plane
of the weld pool metal and the base metal. Also, in
all samples is observed the crystallites enlarged as the
distance from the fusion zone increases. The weld metal
of samples 2—5 which obtained at an amplitude of 0.5
mm and a frequency range from 0 to 4 Hz, has almost
no structural differences from sample 1 which obtained
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without oscillations. In the weld metal of samples 6-9,
i.e. obtained at an amplitude of 4 mm, is observed the
proportion of polygonal and acicular ferrite increases and
somewhat less than polyhedral ferrite with an increase in
the oscillation frequency of the weld pool. If the HAZ-
microstructure is a mixture of lower and upper bainite
at an amplitude of 0,5 mm, then this structure is ferrite-
perlite at an amplitude of 4 mm.
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