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Abstract. High-frequency oscillations electrodes for automatic submerged arc cladding,
along with providing managed metal transfer and improved productivity melting electrode —
an effective management tool geometry penetration.

The purpose of this work-design and experimental evaluation of the influence of the geometry
of penetration of the high-frequency oscillations electrodes in submerged arc cladding.
Based on the analysis of the speed of the arc for high-frequency oscillations electrodes found
that with increasing amplitude of the oscillation frequency increases and the average speed
of the electrode tip and arc cladding. When vibrations of the electrode tip with a frequency of
1 Hz and amplitude of 10 mm can be regarded as an arc of a fast-heating source. The speed of
movement of such a source is ten times greater than the rate of propagation of heat in the base
metal. Therefore, electrode oscillation with amplitude greater than the width of the weld bead
results in loss of depth and area of penetration during cladding with high-frequency oscilla-
tions electrodes. This pattern is confirmed by calculations using the model of the moving heat
source of finite width.

Based on the ratio between the speed of movement of the heat source and heat propagation in
base metal, established three areas of influence of the frequency and amplitude of the high-
frequency oscillations electrodes on the technological characteristics of the arc process and
the geometry of the metal penetration zone:

1) the influence of the geometry of the penetration zone and there is no transfer of metal;

2) melting of the electrode performance, the nature and geometry of the managed transfer
penetration zone defined by the relation between frequency and amplitude of vibration;

3) the quality of the formation of the deposited layer decreases sharply due to violation of the
stability of the arc at high speed of its movement.

Based on the records of thermal cycles points in the heating zone confirmed the influence of
the geometry of the high-frequency oscillations electrodes penetration and the propagation of
heat in the base metal. Found that variations in cladding a temperature of 250 Hz test points,
located transversely at a distance of 6 mm from the roll axis at 60 °C (15%) than the value
obtained by cladding without vibration. This is because increasing the amplitude of the oscil-
lations increases the heat flow dispersion zone decreases weld metal bath superheat increases
the thermal efficiency of the fusion process and, as a consequence, increases the penetration
area. This pattern persists as long as the heat surrounding layers of solid based metal will not
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exceed the influx of heat from the heating source. Further growth of the oscillation amplitude will increase the width
of the weld pool and reduce the depth and area of penetration. The dependence is confirmed by the results of the cal-
culation. Established laws allow by calculation to determine the size and shape of the penetration zone for automatic
submerged arc cladding with the high-frequency oscillations electrodes, as well as serve as a basis for selecting pa-
rameters oscillation mode to control the geometry of the deposited layer.

Keywords: submerged arc cladding; electrode vibrations; temperature field; the area of penetration; metal transfer.

AnHoTauus. IIpuBeneHs! pe3ynpTaThl HCCICAOBAHNS BIMSHNS CKOPOCTH IEPEMEIICHUS NCTOYHMKA HarpeBa — CBa-
POYHOH yT'H IPU aBTOMaTH4YECKOM HarutaBKe Mojt JIr0coM € BHICOKOYaCTOTHBIMU KOJICOAHHMSIMH 3JIEKTPOJIA Ha TeMIIe-
paTypHOE I0Jie B OCHOBHOM METaJJIE ¥ TEOMETPHUIO 30HBI NMPOIUIABICHUS. PacueTHBIM ITyTeM omnperneneHbl 001acTH,
COOTBETCTBYIOIME pa3InYHOMY 3(D(DEKTy OT BO3IEHCTBHSI TAPaMETPOB ITONEPEUHBIX BBICOKOYACTOTHBIX KOJeOaHUi
9NIEKTPO/Ia Ha YCTOMYMBOCTD JIyTH, XapakTep MepeHoca MeTajla i TeOMETPUIO 30HbI TPOILIaBICHNUSI.

KuiroueBble ciioBa: HarutaBka 1moj (rocoM; KoyeOaHHs SJIEKTPOMa; TEMIIepaTypHOe IoJie; 30Ha IPOILIaBJICHUS,
NIEPEHOC MeTallna.

Amnorauis. HaBeneno pesynbraTi JOCTIPKEHHS BIUTUBY IIBUIKOCTI IIEPEMIIIIEHHS JDKEpelia HarpiBy — 3BapIOBaIbHOT
JYTY IPY aBTOMAaTHYHOMY HaIlIaBJIeHHI ImiJ] JIFOCOM 3 BUCOKOUACTOTHUMH KOJIMBAaHHSMH €JIEKTpo/ia Ha TeMIIepaTypHe
IoJie B OCHOBHOMY MeETaJli Ta TEOMETPil0 30HW IMPOIUIaBICHHS. PO3paXyHKOBHM NUIAXOM BH3HAYEHO 00NACTi, 110
BIJINIOBINAIOTH Pi3HOMY e(eKTy B BIUIMBY MapaMeTpiB MONEPEYHHMX BUCOKOYACTOTHHUX KOJHMBaHb €JIEKTpOJa Ha
CTIMKICTb IyTH, XapaKkTep NEPeHECEHHsI METATy Ta FEOMETPII0 30HU MPOILIABICHHSL.

Ki1r04oBi csioBa: HamaBieHHsS i (IIOCOM; KOJNMBAaHHS €JIEKTPOAa; TeMIepaTypHe II0Jie; 30Ha MpOIUIaBICHHS;
TICpEHECEHHS METay.
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Problem statement. T Various methods of regula-
tion of the heat input and physical and chemical effect on
the arc and weld puddle are used during cladding works
to obtain a given structure and geometry of the cladding
layer [4, 11]. Control of the structure provides the ne-
cessary mechanical properties of the cladding metal and
control of dimensions of penetration increases the pro-
ductivity of the cladding process and reduces the parent
metal in the cladding layer.

The control methods used are based on the external
mechanical, electromagnetic or another effect. The ad-
vantages of the mechanical method include the ease of
implementation, and as a result, the low cost, the pos-
sibility of independent regulation of power and thermal
parameters of the control action, the absence of overheat-
ing of droplets and burning of alloying elements [11].

It is necessary for the electrode wire with a drop of
molten metal at its end to make transverse (or longitu-
dinal) high-frequency vibrations (f. > 25 Hz) with small
amplitude (d, < 4_< e)) in the mechanical method for
the controlled metal transfer. Here €0 is the width of the
zone of penetration at a fixed power of the source and the
absence of vibrations; de is the electrode diameter [1].

To control the geometry of penetration (obtaining of
a wide roll with a small penetration depth for a single
pass) it is recommended to perform cladding with the
transverse vibrations of the electrode at the low frequen-
cy (f. <2 Hz) and the big amplitude (4_>>d) [12]. Re-
ducing the depth of penetration in this case is due to the
fact that the weld arc together with the end of the elec-
trode has time to move relative to the metal surface at the
low frequency vibrations. It causes the dispersal of the
heat flow. At that, the parameters of the heat source (the
heating spot dimensions, the nature of the distribution of
specific heat flow rate on the heating spot etc.) will vary
depending on the velocity of the arc movement. As it is
stated [8], an increase in the velocity of the arc move-
ment less heat is distributed in front of the heat source, so
the penetration depth and area are reduced. The same ef-
fect is observed when cladding with the high-frequency
vibrations of the electrode. With the growth of the velo-
city of the arc movement the penetration width, depth
and area of reduced due to the high-frequency vibrations
of the electrode [2].

Furthermore, as noted above, when there are the
high-frequency vibrations, there is an ability to control
the metal transfer across the arc and, consequently, the
melting capacity of the electrode. Therefore, the use of
the high-frequency vibrations of the electrode for the
development of the combined control action (CA) is ur-
gent. At that, the conditions of simultaneous controlling
of the metal transfer across the arc and the geometry of
the cladding layer at the automatic submerged arc clad-
ding are implemented.

Latest research and publications analysis. The
positive effect of the use of the combined CA at the au-
tomatic submerged arc cladding can be achieved when
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IMocranoBka npodiaemsbl. [1py HamIaBoUHBIX pado-
Tax s MOJIy4EeHUs 3aJJaHHOU CTPYKTYPbl U T€OMETPUHU
HAaIlIaBIEHHOTO CJIOSl MCIIONB3YIOT Pa3iIMYHbIE METOBI
PperyJupoBaHys TETUIOBJIOKCHUS M (PH3UKO-XUMHYECKOTO
BO3ACHCTBHS Ha Iyry M CBapouHylo BaHHy [4, I1].
VYopaBieHue CTpykTypod obecnedmBaeT HEOOXOTUMBIE
MEXaHWYECKHE XapaKTepPUCTHKA MeTajula HallIaBKH,
a ynpasJeHHe pa3MepaMH IpOILIABIEHHUs CIIOCOOCTBY-
€T MOBBIIICHUIO NPOM3BOAUTEIHHOCTH HAIIABOYHOTO
mporecca ¥ COKpalleHUIO yJacTHs OCHOBHOTO MeTala
B HaIUIABJIEHHOM CJIIOE.

[IpumeHsieMble METOIBI YIPaBICHUS OCHOBaHbI Ha
BHEIITHEM MEXaHUYECKOM, JIEKTPOMArHUTHOM WU JpY-
roMm BozzaeWcTBuH. K mpeuMyiiecTBaM MeXaHHYECKOTro
METOJIa CJIEAYET OTHECTH IPOCTOTY peaau3aluyl, U Kak
CJIC/ICTBHE, HEBBICOKYIO CTOMMOCTH, BO3MO)KHOCThH HeE-
3aBUCHUMOT'0 PEryJIiMpoBaHusd CHUJIOBBIX M TEIJIOBLIX IIa-
paMeTpoB YHPAaBISIOIIETO BO3ICHCTBHS, OTCYTCTBHE
TeperpeBa Kareilb W BBITOPaHHs JISTHPYIOLIUX dJIEMEH-
ToB [11].

ITpn MexaHWYECKOM METOAE I YIPaBIIEMOTO IIe-
peHoca MeTaia HeoOX0ANMO, YTOOBI 3JIEKTPOHAS TIPO-
BOJIOKA C KaIllei pacIulaBICHHOTO METajlla Ha ee TOpILe
coBepIIaia MoNepedHsle (MM IPOJOIbHEIE) KoeOaHus
BBEICOKOM YaCTOTBI (fK > 25 T'm) ¢ Manoi aMmImmTymoi
(d, <A <e,).3nech e, — MHMpPUHA 30HBI NPOTLIABJIEHH
npu (UKCHPOBAHHONH MOIIHOCTH HCTOYHHUKA U OTCYT-
CTBUH KOJIEOaHMII; af3 — nuameTp anekrpona [1].

Jnst ynipaBiieHust reoMeTpuel HariaBKky (TI0JTyYeHUs
3a OIMH IPOXOJ MIHPOKOTO BaJMKa C MaJIOW TIyOHHOI
MIPOTIIABJICHNSI) HAIUIaBKy PEKOMEHIYeTCS BBIMONHSATH
C TONEPeYHBIMH KOJIeOaHHSMH 3JIEKTpoJa HPU HHU3KOH
yacrote (f, <2 I'u) u 6onbioi amnnutyze (4 >>d, ) [12].
VYMeHbIIeHHEe TIIyOMHBI MPOIUIABICHHUS B 3TOM Cilydae
CBSI3aHO C TEM, YTO CBapO4YHas Jyra BMECTE C TOPIIOM
OJICKTpOJa NPpU HU3KOYACTOTHBIX KoJIe0aHUsIX ycreBacT
MepeMeIIaThCsl OTHOCHTENIFHO IOBEPXHOCTH MeETallia,
YTO CIIOCOOCTBYET Paccpe0TOYECHHUIO TEIUIOBOTO ITOTO-
ka. [Ipu 3TOM mapameTpbl ICTOYHHMKA HAarpeBa (pa3Mepsl
IISITHA HAarpeBa, XapakTep paclpelelCHUsl YIeIbHOTO
TEIUIOBOTO TIOTOKA IO MSATHY Harpesa M 1p.) OyayT u3-
MEHSATBCS B 3aBUCHMMOCTH OT CKOPOCTH IEpeMEIICHHS
nyru. Kak ycranoBieHo [8], mpu yBeIHYeHHHA CKOPOCTH
TepeMelIeH s Tyru Tepe]] UCTOYHUKOM HarpeBa pac-
MPOCTPAHSAETCS BCE MEHBIIE TeIUla, MO3TOMY IIyOuHa
M IUIOUIa/lb MPOIUIABICHUS YMEHBIIAIOTCA. Takod xe
s¢dekT HaOIIOAaeTCsT U PH HaIUIaBKE C BBICOKOYACTOT-
HBIMH KoJleOaHusAMU 3ekTpona. I1o Mepe pocTa ckopo-
CTH TIEPEMEILEHNS IyT'H BCIECICTBUE BBICOKOYACTOTHBIX
KOJIEOaHWH BIIeKTposia INMpHHA, IIyOWHa W IUIONIAZb
MIPOIUIABJICHUS YMEHbIIA0TCA [2].

Kpome TOro, xax OTMEUEHO BBIIIE, IIPU BBICOKO-
YAaCTOTHBIX KOJEOAHMSAX CYLIECTBYET BO3MOXKHOCTD
yIpaBJeHUs] IEPEHOCOM MeTalljla Yepe3 Ayry H, cleno-
BaTeJIbHO, TIPON3BOANTENFHOCTHIO TUIABJICHHS HIIEKTPO-
na. [1o3ToMy aKkTyaJlbHBIM SIBJISICTCS HCIIOIBb30BAHUE BBI-
COKOYACTOTHBIX KoJIeOaHUH 3J7IeKTpoaa i pa3paboTKu
KOMOMHHPOBaHHOTO YIpaBIomero sozaericteus (YB),
IIPU KOTOPOM PEAIM3YIOTCS YCIOBHUSI OJHOBPEMEHHOTO
yIpaBJeHUs IEPEHOCOM MeTallla Yepe3 Iyry M reome-
TpUEH HAIUIABJIEHHOTO CJIOS NPU aBTOMAaTHYECKOH Ha-
TUTaBKE TIOA (DITFOCOM.
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the implementation of two necessary conditions is met:
1) the high stability of the arc process and 2) the presence
of the generator of high-frequency vibrations.

The stability of the arc process is determined by se-
lecting the corresponding relation between the parameters
of the CA, i.e. the frequency and amplitude of vibrations
of the electrode. The previously conducted studies [10]
helped to state a criterion by which one can determine
the allowable values of the frequency of the electrode
vibrations depending on the amplitude — for controlling
the geometry of the cladding roller and the allowable va-
lues of the amplitude depending on the frequency — for
controlling the metal transfer across the arc.

The mechanical generator should be able of creating
high-frequency vibrations of the electrode, consisting of
two harmonics with the necessary values of frequency
and amplitude. The harmonic with a big frequency pro-
vides the more improved productivity of the electrode
melting, and harmonic with the bigger amplitude will
increase the width of the roller and decrease the depth
of penetration.

The previously developed design of the generator
is simple and allows one to create pulse movements ap-
plied to the electrode wire in the area of stickout, in wide
ranges of frequencies and amplitudes [6]. At that, bend-
ing vibrations are excited in the welding wire, and its
end starts moving with a frequency equal to the pulse
movement frequency.

However, there is one drawback for this scheme for
generating vibrations of the electrode. To accommodate
the drummer of the generator at the point of application
of pulsed movements it is required to increase the elec-
trode stickout. Such a solution can only be justified by
the wire cladding with low resistivity, such as of mild
steel. However, in this case, an increased stickout leads
to a deviation of the electrode tip from the cladding axis
(roller wander) and the deterioration of the formation of
the roller [2]. With increasing frequency and amplitude
of vibrations the indicated negative trend increases.

To overcome this drawback, we developed a new
design of the current contact jaw (Fig. 1). This design
allows us to create electrode vibrations both along and
across the roller and regulate their amplitude, regardless
of the value of stickout which is technologically condi-
tioned.

The joint control of the metal transfer and the ge-
ometry of the running roller at the vibrations of the elec-
trode tip in accordance with the circuit of application of
the pulse CA (see. Fig. 1,b) is achieved by combining
the diameter and the pitch of the driving of rollers of the
master unit of the mechanical generator [6].

The effect of the combined actions is achieved
through the implementation of qualitatively new techno-
logical opportunities which each CA harmonic can not
provide alone.

THE ARTICLE AIM is to develop methods of cal-
culation and to experimentally study the effect of the
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AHaJIN3 MOCJeIHMX MCCeJ0OBAaHMI M myOauka-
uuii. [TonoxxurensHbiil 23pdexT oT npuMeHeHus: KOMOu-
HUPOBAaHHOTO YB npu aBTOMarnyeckoil HaIUIaBKE IOJ]
(IrocOoM MOXeET OBITh JIOCTUTHYT TIPH peaii3aliy IByX
HEOOXOAMMBIX YCIIOBHil: 1) BBICOKOH CTaOMIBHOCTH Y-
TOBOTO TIpoIlecca W 2) HaIW4Hs TeHepaTopa BBEICOKOYa-
CTOTHBIX KoJIcOaHHH.

CTaOWIBHOCTD JIyrOBOTO IpOLecCa OIpPEAesIeTCs
BBIOOPOM COOTBETCTBYIOIIETO COOTHOIICHHUS MEXK/Ty T1a-
pameTpamu YB — yacToToi M aMIumTynoi xoneGaHui
anexTpona. Panee BeinonHeHHbIe nccnenoBanus [ 10] mo-
3BOJIMJI YCTAHOBUTH KPHUTEPHil, C TIOMOIIBI0 KOTOPOTO
MOKHO OIIPEACINTD JOIYCTUMBIE 3HAYECHUsS] YaCTOTHI
KOJIe0aHUii AJIEKTPO/Ia B 3aBUCUMOCTH OT aMILTUTYIbI —
JUISL YIPaBICHNS TEOMETPUEH HAIUIaBIIEMOTO BaJlKa
1 JIOMTyCTHMBIE 3HaYEHHSI aMIIUTY/Ibl B 3aBUCIMOCTH OT
4acTOTHl — JUI YIIPABICHUS IPOLIECCOM IIePeHoca Me-
Taa 9epe3 ayry.

MexaHnuecKii TeHepaTop JOoJDKEeH o0ianarh Cro-
COOHOCTBIO CO3/1aHUSI BBICOKOUACTOTHBIX KOJIeOaHHMA
9NEKTPO/IA, COCTOSIINX M3 JIBYX TapMOHHK C HEOOXOMH-
MBIMH 3HaYCHUSIMU YacTOTHI U aMIUTUTYABL. ['apMoHuKa
c OouplIedl 4acTOTOH OOECIEYHT MOBBILICHHE MPOU3-
BOJWTEIFHOCTH IUTABICHUS JIEKTPOAA, a TapMOHHUKA
c OonblIel aMIUTUTYIOH OyneT crocoOCTBOBATh YBEIIH-
YEHUIO IIMPUHBI BAJIMKA U YMEHBILIEHUIO ITyOUHBI TIPO-
TUTABJICHHUS.

Panee paspaboraHHasi KOHCTPYKIHUS T'eHepaTopa oT-
JIUYaeTCsl MPOCTOTON M MO3BOJISIET CO3AaBaTh MMITYJIbC-
HBIE TIEPEMEIICHNUS, MPUKIAIBIBAEMBIC K 3IEKTPOJHON
IIPOBOJIOKE HA y4YacTKe BBUIETA, B IIMPOKUX AHATIa30HAX
4acTOThl U aMIUUTynbl [6]. IIpu 3ToM B 3nexTpomHOit
MIPOBOJIOKE BO3OY)KIOAIOTCA M3THOHBIE KOJICOAHWS, U ee
TOpel HaYWHAEeT IepeMelaThcs ¢ YacTOTOH, paBHOW Ya-
CTOTE HMITYJIbCHBIX TIEPEMEICHHH.

OnHaxo 11l yKa3aHHOW CXEMBI T€HEPHPOBAHUS KO-
neGaHMi 3JIEeKTpoJa XapaKTepeH OIUH CYLIeCTBEHHBIN
HemocTaTtok. JIs pa3MerneHuss yaapHHMKa TeHeparopa
B TOUYKE NMPHUIOKEHUSI UMITYJIbCHBIX MEPEMEIICHIH Tpe-
OyeTcs yBeIMUMBATh BBUICT 3JIEKTpoaa. Takoe peuieHue
MOXKET OBITh ONPABIAHO TOJBKO NPH HAIUIABKE MPOBO-
JIOKOM C HU3KHM YAEJIBHBIM CONPOTHUBIICHHEM, HaIllpH-
Mep U3 HU3Koymieponuctoi cramu. Ho u B aToM ciryuae
YBEJIMYCHHBIH BBUIET NPUBOIUT K OTKJIOHEHHIO TOp-
[1a JIEKTPOAa OT OCH HarulaBKu (OMyKTaHWIO BaJINKA)
n yxyaumenuio popmupoBanus Basmka [2]. ITo mepe yBe-
JIMYEHHUS] YACTOThl M aMILIUTY/Ib KoJleOaHUH yKa3zaHHas
OTpHUIaTeNbHAS TEHACHIUS YCUINBACTCS.

Jns ycTpaneHus 3TOro Hejocrarka Obbia pazpabo-
TaHa HOBas KOHCTPYKIIUS TOKomonBoaa (puc. 1), mo3Bo-
JISFOIIAsT CO3/1aBaTh KOJIEOaHMs AIIEKTPO/Ia KaK BIIOJIb, TAaK
1 TIOIEpeK HAIUIaBIsIEMOTO BajJMKa M PETyINpOBaTh HX
AMIUIMTYy HE3aBUCHMO OT TEXHOJIOTMYECKH 00YCIIOB-
JICHHOW BEITMYMHBI BBUICTA.

CoBMecTHOE yIipaBiIeHHEe IIEPEHOCOM MeTala U Te-
OMeTpHel HAIUIaBJICHHOTO BaJIMKa MPH KoJeOaHMIX TOp-
I1a 3JIEKTPO/Ia, B COOTBETCTBHU CO CXEMOH MPHIIOKEHHS
uMnyinecHOro YB (cMm. puc. 1,0), mocturaercs myTem
KOMOWHHMPOBAHUS IMaMETpPa U 1l1ara yCTaHOBKH POJIMKOB
3a[al0IIEro y3J1a MeXaHHIeCKOTro reneparopa [6].

O¢dexr oT KOMOMHMPOBAHHOIO BO3JCHCTBHS MO-
CTHTAeTCs 3a CUeT pealn3alliil KadeCTBEHHO HOBBIX



gHIPBUILDING

MARINE INFRASTRUCTURE

smi.nuos.edu.ua | smi@nuos.edu.ua
TEMA HOMEPA: CBAPOYHOE NPON3BOACTBO B CYJOCTPOEHN

N°1 (3) 2015

-2
Iy : ) / 1
r 0 g
A o A
b)-6)

Fig. 1. Implementation of the combined control action on the electrode at the automatic submerged arc cladding:

Puc. 1. Peanu3zanus KOMOMHUPOBAHHOTO YIIPABJIIOMIETO BO3ACUCTBHS Ha SIIEKTPOA PU aBTOMAaTHYECKOW HaIlTaBKe 1OJ (PIIFoCcoM:

a) — is a technological unit /Texnonoruueckuii y3emn; b)—6) — is a circuit of creating vibrations of the electrode / cxema co3nanus
konebaunuii anexrpona; | — is an electrode wire / anexrpoanas npoBonoka; 2 — 2 is a current contact jaw / Tokononsox; 3 —
is a surge chamber of the current contact jaw to the Bowden cable / 06oiima KperieHHs: TOKOIIOABOAA K O0yAeH-Tpocy; 4 — is a vi-
bration generator unit / BHOpalMOHHBIH y3en reHeparopa; 5 — is a Bowden cable / 6oynen-tpoc; 6 — is a surge chamber of the
Bowden cable to the welding head / 06oiima KperieHust 00yIeH-Tpoca K CBAPOUYHOI ronoBke; L — is a length of the movable (elas-
tically fixed) part of the current contact jaw with the electrode /| nuHa TOABIXHOU (MACTUYHO 3aKPEIJICHHOI) 4aCTH TOKOIIOABOAA
¢ aneKTponoM; ; [ — is an arm of the control action application / Ie40 TIPUIIOKEHHUS YIPABIIAIOIIEro Bo3aeiicTsus; [ — is the

electrode stickout / BbIIeT AMEKTpOA

combined high-frequency control action on the geometry
of penetration at the automatic submerged arc cladding.

Basic material. To control the geometry of penetra-
tion the following condition is necessary: as a result of
the electrode vibrations the dimensions of the heating
area should significantly increase in comparison with the
dimensions of the heating area without vibration. When
cladding with the electrode vibrations the following con-
ditions of the relationship between the amplitude of vi-
bration and the geometry of penetration can be met:

a)ifd _<d,thene=e;
b)ifd <A <e,thene=e +A;
c)ife, <A <L, thene=4_.

Here e is a width of penetration in the presence of
vibrations; L_ is the maximum length of the area heated
by the arc to the melting temperature of the base metal
(weld puddle length) in the absence of vibrations; A is an
increment of the penetration width due to the influence of
nature of the metal transfer.

When the condition (1,a) is met, the transverse vi-
brations can not influence the geometry of the cladding
due to the small value of the amplitude. When the condi-
tion (1,5) is met, the transverse vibrations can influence
the geometry of the cladding mainly due to the chang-
ing nature of the metal transfer — from the globular to
the atomizing one — with the increasing frequency [3].
To actively control the geometry of penetration (depth,
width, cross-sectional area) in the transverse vibrations

()
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TEXHOJIOTHYECKUX BO3MOXKHOCTEH, KOTOPbIE KaXkaas U3
rapMOHUK YB B OTIenBpHOCTH 00€CIIeUnTh HE MOKET.

HEJb PABOTBI — pa3paboTka METOAWKH pac-
Y€Ta M OKCIICPUMECHTAJIIBHOEC MCCIICAOBAHUC BIIMAHUA
KOMOWHHMPOBAHHOTO BBICOKOYACTOTHOTO YITPABIISIIOIIETO
BO3/ICHCTBHSI HA TEOMETPUIO MPOILIABIEHUS IPH aBTOMa-
THUYECKOI HarIaBke 1o (rocom.

Hznoxenne 0CHOBHOro marepuasna. s ympas-
JICHUSI TEOMETPUEH MPOIIaBICHUsI HEOOXOIUMO, dTO-
Obl B pe3yabTare KojeOaHuil 3MeKTpoaa pa3Mepbl 30HBI
HarpeBa CyIIECTBEHHO YBEIMYHBAIUCh IO CPAaBHEHHIO
¢ pa3MepaMH yuyacTka HarpeBa Oe3 konebanuid. [Ipu Ha-
TUTaBKE C KOJIEOaHUSIMHU 3JIEKTPO/Ia BOBMOXKHO BBITOJTHE-
HUE CIEIYIOMNX YCIOBUH B3aUMOCBSI3M MEXKTy aMILIH-
Ty#oit KoneOaHUi U TeOMEeTpHE TPOIUTaBICHHUS:

a)ecmn A <d,T0e=¢e;
K k) 0

0)ecmud <A <e,Toe=e,+A,
3 K 0 0

(D
B)ecmne, <A <L,t0e=A4,.

31eck e — MIMpUHA MPOIUIABICHUS TPU HAJIMYHAH KO-
neGanuil; L — HamOOoNbIIas IIMHA y9acTKa, HarpEeToro
JIyTO# IO TeMIleparypbl ILIaBJICHUS OCHOBHOIO MeTaslia
(IuTMHA cBapOYHON BaHHBI) ITPU OTCYTCTBUH KOJIECOAHMIA;
A — mpupanieHre MHPHHBI MPOIUIABICHUS, 00YCIOB-
JICHHOE BIIMSIHUEM XapakTepa epeHoca MeTaia.

[pu cobmonenun ycnoBus (1,a) momepedHsie Ko-
ne0aHusd He MOTYT BJIMATH Ha TEOMETPHIO HAIIaBKU
BCJIE/ICTBHE MAJIOTO 3Ha4Y€HHs aMILTUTYbL. [1pu cobo-
neHnu ycnosus (1,6) monepeuHsle KojgeOaHUs CrIoco0-
HbI OKa3bIBaTh BIMSHUE HA TCOMETPHIO HAIUIABKH MPCH-
MYILECTBEHHO 3a CUCT M3MEHEHHUS Xapakrepa HepeHoca
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it is necessary to satisfy the condition (1, ¢). In this case,
when there is a certain value of the amplitude of the elec-
trode vibrations, the arc can be viewed as a fast-moving
heating source which velocity of movement is greater
than the velocity of heat distribution in the given body.
As is known, the nature of the source can be determined
by the Peclet number

2

where V is a velocity of the source movement ; / is a
characteristic linear dimension of the heat transfer sur-
face; a is a coefficient of the thermal diffusivity of the
base metal.

If the criterion Pe = 0, the source is considered to be
immovable; Pe < 1 — the source is slow-moving;
Pe > 10 — the source is fast-moving [8].

The heat exchange surface between the arc as a normal-
ly distributed heat source and the base metal is considered
to be a circle, within which the vast majority of the source
heat is transferred [8]. However, if the arc with the elec-
trode tip varies transverse to the direction of cladding, the
length of the heat exchange area is increased and its width
may be taken as equal to the amplitude of vibrations.

Given, that the average velocity of the electrode tip
moving during the period of vibration is equal to the half
of the product of the amplitude and the frequency of vi-
brations, after the transformation (2) we obtain

A > 2&&
V" /

Under the inequality (3) the impact of the heat source
on the penetration area of the base metal may be different
depending on the value of the criterion Pe.

When Pe < 1 (Fig. 2,a,b) the heat source is consi-
dered as a point slowly-moving one, and the transverse
vibrations of the electrode does not affect its parameters.
The control of the geometry (width) of cladding in this
case is carried out not by changing the shape and dimen-
sions of the penetration area but by controlling the tra-
jectory of movement of the heat source itself. At that,
the depth of penetration, the share of the base metal and
the cladding process performance remain the same as in
cladding without vibration.

Within the range 1 < Pe < 10 the arc can be seen as a
moving point heat source. The nature of its impact on the
geometry of the weld puddle is determined by the parti-
cular value of the Peclet number (Fig. 2, ¢, d). In this case
the higher the Peclet number, the stronger the dimensions
and shape of penetration will vary. The minimum va-
lues of the penetration depth and area will conform to its
maximum value.

When Pe > 10 the arc is a fast-moving heat source.
It is moving when the electrode vibrations are transverse
to the direction of cladding. Therefore the crystallization
front does not have time to follow it, and the heat is fed at
the section which is equal to the amplitude of the vibra-
tions (Fig. 2,d).
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MeTajyla — OT KPYIHOKAIICJIbHOIO K MEJIKOKaIleJIbHO-
My — TpH yBeTWdeHHH 4acToTsl [3]. [nga aktuBHOTO
yIpaBjieHUsl TeoMeTpHeil mnporuiaBieHus (TTyOMHOH,
LIMPUHOM, IUIOIIAIbI0 MONEPEYHOr0 CEYCHHs) IPH I10-
MePEYHBIX KOJIeOaHUAX HEOOXOMMO BBIMOJIHEHHE YCII0-
Bus (1,6). B aTOM ciydae, npu onpezeseHHOM 3Ha4CHUH
aMIUTUTYIBI KOJIeOaHUH IIEKTPOAa, yT'y MOXKHO paccMa-
TpPUBaTh Kak OBICTPOABIKYIIUICS HMCTOYHHUK Harpesa,
Yy KOTOPOTO CKOPOCTH IepeMenIeHus OOJbIIe CKOPOCTH
pacnpocTpaHeHus Tea B JaHHOM Tene. Kak u3BecTHoO,
XapaKkTep MCTOYHHUKA MOXXHO ONPENEIHTh C IMOMOIIBIO
xpurepus [lexne

Pe:Kl
a

, @)

rae V' — CKOpOCTh NepeMeIeHNs] UCTOYHUKA; | — Xa-
paKTepHBIN JMHEHHBIA pa3Mep MOBEPXHOCTH TEILI000-
MEHa; @ — KOI(QQHUIMEHT TEMIIEepaTypOIpOBOIHOCTH
OCHOBHOTO MeTaJlIa.

Ecnu xputepuii Pe = 0, ICTOYHUK CUUTAETCS HETIOJ-
BIKHBIM; Pe < 1 — HCTOYHHK MEIUICHHO JIBIKYIIUNCS;
Pe > 10 — rcTouHMK OBICTpOABMKYIIHICS [8].

[ToBepxHOCTBIO TemIOOOMEHa MEXAy AYro, Kak
HOpPMAaJIbHO pacHpeieieHHBIM HCTOYHMKOM HAarpesa,
U OCHOBHBIM METAJIJIOM IIPUHATO CUUTATh KPYT, B IIpesie-
JJaX KOTOPOTO IEpeNaeTcs IMONABIAIOMAs 4acTh TEIula
ucrouHuka [8]. Ho ecnu yra BMecCTe ¢ TOPLIOM 3JIEKTPO-
Jla KoneOneTcs TOIepeK HalpaBlIeHUs HAIUIaBKH, IPO-
TSHKEHHOCTh 30HBI TEIUIOOOMEHA YBEJIMUUBACTCS, U €e
LIMpPUHA MOXKET OBITH NPHHATA PABHOW aMIUTUTYAE KO-
neGaHuil.

VYuuTeIBasg, 4TO CpenHSAS CKOPOCTh IEpEMELICHUS
TOpIIA IEKTPOAA 32 EPHOJ] KoJIeOaHuUs paBHA MOJIOBHHE
MIPOM3BEACHHS aMIUIUTY/bl Ha YacTOTy KOJeOaHWi, To-
cIie mpeoOpazoBaHus (2) MOTYIHM

A > /Zi_ea.
fK

[Ipu cobmronennu HepaBeHcTBa (3) BO3ACHCTBHE
HCTOYHMKA HarpeBa Ha 30HY MPOIUIABICHUS OCHOBHOTO
MeTajula MOXKET OBITh pa3IMuYHBIM B 3aBUCHMOCTH OT
3Ha4eHus1 kpurepus Pe.

IIpu Pe < 1 (puc. 2,a,6) UCTOYHHMK HarpeBa pac-
CMaTpPUBAETCS KAaK TOYEYHBIH MEIVICHHO IBIKYIIHHCS
U TIOTIEpPEYHBIC KOJICOaHHs AIIEKTPO/Ia HE BIHSIOT Ha €ro
rapameTpbl. YIpaBieHHe TeoMeTpuei (IMpHuHOH) Ha-
IUTaBKU B 3TOM CIIy4ae OCYILIECTBIISETCA HE 3a CUEeT U3-
MeHEHHsI GOpMBI M pa3MEPOB 30HBI NIPOILIABICHNUS, a 3a
CUET YIIPaBJICHHUA TPACKTOPHEH IBIKCHHS CaMOTO HC-
TOYHMKa Teruia. [Ipu aToMm riryOrHa MpoIIaBIeHUsl, 1015
y4acTusi OCHOBHOTO MeTa/ula M IPOM3BOIUTEIBHOCTH
npolecca HaIlIaBKH OCTAIOTCSl TAKUMHU JKe, KaK IPH Ha-
Iu1aBke Oe3 KojeOaHui.

B mmamazone 1 < Pe < 10 gyry MOXHO paccMaTpu-
BaTh KakK JABMKYIIHMICS TOYSUHBIH UCTOUYHUKA TeIlIa, Xa-
pakKrep BO3IEHCTBUS KOTOPOTO Ha FEOMETPUIO CBAPOYHOM
BaHHBI OMNpEJEISIETCs] KOHKPETHBIM 3HAaYCHUEM KpHTe-
pus Iexie (puc. 2,86,2). Pasmeps! u ¢popma mporuraBie-
HUSI B 3TOM Cily4yae OyIyT U3MEHATHCS TEM CHIIBHEE, YEM
BhINIe yncio Ilekie, a MUHUMabHBIC 3HAUYCHUS TTyOu-
HBI U IUIOMIAZN MPOIIABICHUsS OyayT COOTBETCTBOBATH
€ro MaKCMMaJIbHOMY 3Ha4€HHIO.

(€)
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Fig. 2. Influence of the frequency of the electrode vibration at a constant amplitude (increasing Pe number) to change the shape of

penetration:

Puc. 2. Biausiaue gacToThl KoneOaHUi 2IeKTpoaa IpH MOCTOSHHON aMIuTuTye (Bo3pacTaHue 4yucia Pe) Ha M3MeHeHHe (GOopMEI

TPOIJIaBJICHUA:

hy—h,, — is the depth of penetration corresponding to the Pe number /TyOMHa TIPOTUIABIEHHS, COOTBETCTBYIOIIAS YHCITY Pe;
A, — is the amplitude of vibrations / ammnuTyna xoneGanuit; e, — is the width of the penetration area in the absence of vibrations,
the direction of movement of the arc is indicated by arrows / mupuHa 30HBI IPOILIABICHIUS IIPH OTCYTCTBHHY KOJIEOaHMIT; CTpeNnKkaMu

0003HaYEHO HalpaBJICHUE NICPEMEIICHU YT

In this case, the action of the heat source, distributed
over a specific section along the area or line, is equiva-
lent to the cumulative effect of an infinitely large number
of elementary point sources which fill this section [9].

Calculation according to the scheme of low carbon
steel heating with the source of the finite width with
7 kW capacity, moving at the velocity of 20 m/h, at the
coefficient of efficiency of the process of penetration of
0.5 for cladding with the electrode vibrations showed
(Fig. 3) that the depth of penetration decreases mono-
tonically with the increasing width of the heating area.

The calculations also show that the penetration area
also changes in this way. Therefore, at a constant pro-
ductivity of cladding the share of participation of the
base metal in the cladding metal will decline with the
increasing width of the heating area. It was observed in
practice in welding [8]. It follows that for the calculation
of the geometry of penetration at the automatic cladding
with the high-frequency vibrations of the electrode with
an amplitude which satisfies the condition (1,5) or (1,c¢),
we can use the circuit of heating with the movable source
of the finite width.

Based on the expressions (1) and (3), as well as tak-
ing into account the data [2, 10] and using calculation

82

[Ipu Pe > 10 nyra, nepemeniatorasicst Ipu Koseoda-
HUSIX JEKTPO/IA IOTIEPEK HAIPaBIICHIS HAIUIABKH, TIPEJI-
cTaBJsieT co0O0M OBICTPOIBIKYIIMICS UCTOYHUK TEIlIa,
Mo3TOMYy (DPOHT KPUCTAIUIM3ALMU HE yCIIEBAeT CIeIO-
BaTh 3a Heﬁ, a TCIJIO BBOAUTCA HA Y4aCTKE, pABHOM aM-
IUIATYNE KosebaHuit (puc. 2,2).

B sTOM ciydae nelicTBre UCTOYHHMKA TEIIa, pacipe-
JITICHHOTO T10 OIIPE/ICIIEHHOMY yYacTKy — IT0 TUIOLIA K
WIA JUHAU — SKBHUBAJICHTHO CYMMAapHOMY AEHCTBHIO
0OECKOHEYHO OOJIBIIOTO YHCIIA 3JIEMEHTAPHBIX TOYEUHBIX
HCTOYHUKOB, 3aIONHIIOMNX JaHHBIH yJacTok [9].

Pacuer 1o cxeme HarpeBa HU3KOYIJIEPOAUCTOH CTa-
JI KCTOYHUKOM KOHEYHOM LIMPHUHBI MOLIHOCTBIO 7 KBT,
JBIDKyIIerocs co ckopocteio 20 m/4, npu KIIJI mpo-
necca nporasineHus 0,5 11 HAIJIaBKU ¢ KOJICOaHUIMHU
3JIEKTpona Mokaszas (puc. 3), 4To IIyOWHA MpPOILIABIIC-
HUSI MOHOTOHHO YOBIBAET 110 MEPE YBEITUUCHHS ITUPIHEI
ydJacTKa Harpesa.

PacueTsl moKka3bIBalOT TAaKkKe, YTO IMOJOOHBIM 00pa-
30M M3MEHSETCS W BEIMYMHA IIOMIAIH MPOILUIABICHHUS.
CrenoBarenbHO, IPU HEU3MEHHOW HPOU3BOIMTEIHHO-
CTH HAIUIaBKH JIOJS y4acTUs OCHOBHOTO MeTajuia B Me-
TaJljle HaIIaBKU 110 MEpe YBEJIMUEHHUS IIUPUHBI y4acTKa
HarpeBa Oy/eT CHIDKaThCA, 9TO B HaOJIF01aI0Cch Ha pakK-
Tuke npu cBapke [8]. Orcroga ciemyer, 4Tto AJsi pac-
YeTa TeOMETPHUU TNPOIUIABICHHUS TPH aBTOMATHYECKOMH
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the areas are determined which correspond to the dif-
ferent nature of the impact of the transverse vibrations
of the electrode tip on the geometry of penetration and
the metal transfer. These areas are shown in the diagram
(Fig. 4).

Section 1 — only the geometry of penetration is con-
trolled by controlling the trajectory of the arc movement,
the impact on the metal transfer is absent.

Section 2 — combined control of the geometry of
penetration and metal transfer depending on the relation-
ship between the frequency and amplitude of vibrations:

if4_<d andf>f . the control of thickness of a li-
quid-metal layer (LML) is provided at the electrode tip;

if4_<d_ and f> f., the microdroplet metal transfer
(MMT) is realized as a result of the gravitational-capil-
lary spraying (GCS);

ifd <A<e,and [ f. . the metal transfer control
(MTC) and the electrode cladding productivity control
are possible;

anaMMz 1
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HaIlIaBKe C BEICOKOYACTOTHBIMH KOJIEOAHUSIMU DJIEKTPO-
Ja C aMIUTUTYIOH, yHOBIETBOpstomeil yciosuio (1,6)
i (1,6), MOXXHO IPUMEHUTH CXEMY HarpeBa MOIBIIK-
HBIM UCTOYHHKOM KOHEYHOH MINPUHBI.

Ha ocHoBanum Beipaxenutii (1) u (3), a Taxke ¢ yde-
TOM JaHHBIX [2, 10] pacdeTHBIM IMyTeM OIpeAeIeHbI 00-
JIACTH, COOTBETCTBYIOIIME Pa3IMYHOMY XapakTepy BO3-
JIEHCTBUS TOTIEPEYHBIX KOIEOaHUH TopIia SIEKTpoaa Ha
TEOMETPHIO MPOTUIABICHHS 1 TIEPEHOC MeTauia. ITH 00-
JIACTH MpeCTaBlIeHbl HA AuarpamMme (puc. 4).

Ob6nacme | — ynpaBlieHHE TOJIBKO TeOMETpHEH Mpo-
IUTaBJICHUS 32 CUET YIIPABICHUS TPACKTOPHEH TBIKEHUS
JYTH, BIMSHUE Ha IEPEHOC MeTajla OTCYTCTBYET.

Obnacms 2 — KOMOMHHPOBAHHOE YIIPABIICHHE T€0-
MeTpHel MPOIUIaBICHUS U TIEPEHOCOM METajlla B 3aBU-
CHMOCTH OT COOTHOILICHHUSI MEXK/Ty YaCTOTON M aMILIUTY-
JIOM KoJIeOaHuI:

npu A _<d uf=f,

sovic OOECTIEUMBAETCS YIIPABIEHUE

TONIIUHON KuAKOMeTauTnaeckoro cios (QKMC) Ha Top-
1€ IEeKTPOAa;

10 -0
10 15 20

25 30 35 40

Bandwidth heating, mm / IllupuHa 1onocel HarpeBa, MM

Fig. 3. Dependence of the depth /_and penetration area F up O11 the width of the band of heating with the mobile source

Puc. 3. 3aBucHMOCTE TITyOHHEI A, M TUTOIIA/IN 30HBI IPOTLIABICHHS F,  OT IIMPHUHBI MOTOCK! HATPEBA TOJABHKHBIM HCTOYHHKOM

100~

(=2]

0,1 1

Amplitude of the vibrations of the electrode tip, mm
AMIuTHTY1a KoyleGaHuil TopIia HIEKTPOId, MM

10 finw 100 fiouc 1000 free 10000
Frequency of vibrations, Hz / Hactora xonebanuii, I'q

Fig. 4. Diagram for the selection of parameters of the control action at the transverse vibrations of the electrode tip

Puc. 4. )InarpaMMa JUI BI)I60pa rnapaMeTpoB YIIPaBJIAIOUICTO BO3Z[€fICTBH${ IIpH MOIECPEYHBIX KOJIEOaHUAX TOpIa 3JIEKTpoaa
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ife, <A <L, in the frequency range f<f  the con-
trol of the geometry of penetration is performed (f; ,,, is
the frequency of the natural metal transfer).

Section 3 — unstable arcing and deterioration of the
quality of formation of the cladding layer due to an ex-
cessively high velocity of the electrode vibration.

The analysis of thermal cycles at the automatic sub-
merged arc cladding of the rolls on a plate of mild steel
has been conducted. It was done to confirm the calcu-
lated dependences of the influence of the parameters of
the high-frequency transverse vibrations of the electrode
on the geometry of penetration. Work was carried out on
the stand, consisting of the welding complex ACT 1000
(the inverter power source and welding tractor), the ge-
nerator of high-frequency pulse movements of the elec-
trode fixed on the welding head, and thermal cycle re-
cording devices (Fig. 5).

The plates with the dimensions 500%200x10 mm
made of the steel BCt3cn with chromel-alumel thermo-
couples staked in the middle part to a depth of 4 mm from
the bottom side were used as an example. The following
welding materials were used: the wire C-08A + the flux
OCII-45. The parameters of the cladding mode were sta-
ted in accordance with [7]: d, =2 mm; [ = 220...250 A;
U,=27..30V;V_=18...22m/h, g =10,1...10,4 kJ/sm.
The vibrations of the electrode were created transverse to

N°1 (3) 2015

npu A_<d wf>f. , peannusyercs MUKpOKaIenbHbIH
nepeHoc metayuia (MKII) B pe3ynsrare rpaBUTaIliOHHO-
kamusipHoro pacisuteHus (I'KP);

npu d < A< e, n f=f . BO3MOXKHO yIpaBJIcHHE
nepeHocom Metamia (YIIM) ¥ mpon3BOgUTENEHOCTHIO
TUTABJICHHS 3JIEKTPO/Ia;

npu e, < A < L B nuanasone yacrot f < f. . obe-
CIEYMBAETCSl YIpaBIEHHE TI'€OMETpHEl MpPOIIaBICHHS
(f — 9ACTOTa ECTECTBEHHOM NMEPEHOC METAILIA).

Ob6nacme 3 — HecTaOUIBHOE TOPEHUE NYTH U YXYI-
LIeHHe KayecTBa (pOPMHPOBAHMUS HAIUIABICHHOTO CIIOS
BCJICICTBHE UPE3MEPHO BBICOKOH CKOPOCTH KOJIEOaHHs
3NEKTPOzAA.

st moATBEpKAECHUST PACUETHBIX 3aBUCHMOCTEM
0 BIIMSHUM TIAPAMETPOB BBICOKOYACTOTHBIX ITOIEPEUHBIX
KOJIEOaHUH 2JIEKTPoJa Ha TEOMETPHUIO MPOIIIABICHHS
MIPOBEIECH aHAJM3 TEPMUYECKNX IIUKIOB IIPU aBTOMAaTH-
YeCcKOH HaIIaBKe MOJl (IIF0COM BAaJIMKOB Ha TUIACTHUHY M3
MaJIOyIJIepOICTOMN cTai. PaOOTHI BBITOIHSIIN Ha CTEH-
ne, cocrosimieM U3 cBapouHoro komrmuiekca ACT 1000
(MHBEPTOPHBII MCTOYHHMK NMUTAHUS M CBAPOYHBIA Tpak-
TOp), TeHEpaTOpa BEICOKOUACTOTHBIX UMITYIbCHBIX TIEepe-
MEILEHUH 3IeKTPOAa, 3aKPEMJICHHOIO Ha CBapOYHOH ro-
JIOBKE, ¥ MPHOOpaMHu 3aITUCH TEPMOIIUKIIOB (pHC. 5).

B kauectBe 00pa3snoB HCHONB30BaIM IUIACTHHBI
pasmepamu 500x200%10 MM u3 cramu BCr3cn ¢ 3age-
KaHEHHBIMH B CPEIHEH JacTH Ha NIyOMHY 4 MM C HIX-
HEH CTOPOHBI XPOMEIb-ATIOMENEBBIMI TEPMOIIApaMH.

Fig. 5. Experimental stand with equipment for thermal cycle recording at the automatic submerged arc cladding with high-frequen-
cy vibrations:

Puc. 5. DKcriepuMEHTalIbHbIA CTEHJ C amnmnaparypoil [Uis 3aliCH TEPMOLMKIOB IIPU aBTOMAaTHYECKOW HaruiaBke 107 (IH0coM
C BBICOKOYACTOTHBIMH KOJICOAHUSIMH:

1 — is the generator of high frequency vibrations |/ TeHepaTop BBICOKOYACTOTHBIX KoneOauuit; 2 — is the weld head with the cur-
rent contact jaw of the new construction / cBapodHasi TOJIOBKa C TOKOIIOJBOIOM HOBOW KOHCTPYKUHUH; 3 — is a product with fixed
thermocouples / n3nenue ¢ 3aKpeIUICHHBIME TEPMOTIapaMu; 4 — is a the generator power supply / ICTOYHUK MIATaHUS TEHEPATOPA;
5 — are devices of the thermocouples signal control / TpuOOpPBI KOHTPOIS CUTHAJIA TEPMOTIAP
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the direction of the welding, the parameters of the mode
of vibrations of the electrode wire tip were varied in the
limits: the frequency f, = 25...100 Hz, the amplitude
A =3...7 mm.

The thermal cycles recording was performed at the
control points at a distance from the roll axis y =0, 6 and
12 mm, in the absence and the presence of high-frequen-
cy vibrations of the electrode in the process of cladding
in accordance with the standard procedure [5].

Comparison of thermal cycles (Fig. 6) has shown that
they coincide in the points with the coordinates y = 0 and
y =12 mm. At the same time, the maximum temperature
at the point y = 6 mm at cladding with variations by 60 °C
(15%) is higher than the values obtained at cladding with-
out vibrations. In our opinion, this is due to the fact that at a
constant arc power with the increasing vibration amplitude
area of dispersal of heat flow is expanding, overheating of
the metal of the weld puddle reduces, the thermal coeffi-
cient of efficiency of the process of penetration increases
and, consequently, the area of penetration increases. This
regularity remains valid as long as the heat irradiation from
the bottom of the weld puddle surrounding the unmelted
metal layers exceeds the heat inflow from the heating
source. The further growth of the amplitude of vibrations
and the width of the weld puddle will, on the contrary, be
accompanied by a reduction in the depth and area of pene-
tration (see. Fig. 3). This complex relationship is confirmed
by the results of calculations by N. Rykalin [9].
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Cgapounble Mareprais: poBosioka CB-08A +dgumoc OCLI45.
[TapameTpbl pexnMa HalUIaBKK YCTaHAaBIMBAIA B CO-
oreercTBHU ¢ [7]: d = 2 mm; [ = 220...250 A;
U,=27..30B; V_ =18...22m/4, g, = 10,1...10,4 k[Dx/cm.
Konebanust aiexkTpona co3maBaiy HONEpPEK Harpasiie-
HUsI HAIUTaBKHY, MapamMeTpbl pexuMa KoieOaHuid Topua
9NEKTPOAHON MPOBOJIOKN U3MEHSUIN B Mpesesiax: 4acTo-
Ty f. =25...100 ', ammmarymy A _=3...7 M.

B mpouecce HamaBKy MPOBOIUIIM B COOTBETCTBUHU
¢ OOMIeTTPUHATON METOMUKOH [5] 3amuch TEPMOLMKIIOB
B KOHTPOJIBHBIX TOYKAaX Ha PACCTOSHHN OT OCH BaJlMKa
y=0,6u 12 MM TIpu OTCYTCTBUHU M HaJUYHUU BHICOKO-
YACTOTHBIX KOJIEOAHUH 37EKTpoa.

CpaBHEHHE TEPMOIMKIIOB (pHC. 6) TOKA3aJI0 UX COBIIA-
JICHHE B TOUKax ¢ koopauHaramu y =0uy =12 mm. B 10 3xe
BpeMsl MaKCUMaJIbHasl TEMITEPATypa B TOUKE Y = 6 MM HIpH
HarutaBke ¢ kone6annsimu Ha 60 °C (15 %) npeBbiiaer 3Ha-
YeHUsI, [OJIyYeHHbIE ITpU HaruiaBke Oe3 kosebanuii. [1o Ha-
IIeMy MHEHHIO, 3TO O0BSCHSAETCS TEM, UTO NP MOCTOSTHHOH
MOIIHOCTH IYTH TI0 Mepe YBEIWYCHUs aMILUTHTYIbI KoJie-
OaHuii pacIIMpseTca 30HAa PAacCpeNOTOYEHHUs TEIUIOBOIO
TIOTOKA, CHIKAETCs TIEPErPEB METaIa CBAPOYHON BaHHBI,
noseimaercss Tepmudecknit KIIJ[ nponecca nportasie-
HUS U, KaK CJIICTBUE, BO3pacTaeT IUIOIIAAb IpOIUIaBie-
HUs. YKa3aHHasi 3aKOHOMEPHOCTh OCTAETCsl CIIPABEINBON
JI0 TeX TOp, MOKa TEeIUIo0TIa4a OT JAHA CBApOYHON BaHHEI
OKpY’KaIOIUM CJIOSIM HEPACIUIABIEHHOTO METalla He Ipe-
BBICUT IIPUTOK TEIJIA OT UCTOYHMKA Harpesa. JlanpHenmmii
POCT aMIUTUTY/bI KoJleOaH i ¥ IMPUHBI CBAPOYHOH BaHHBI
OyJeT, HaNpOTUB, CONPOBOXKIATHCS CHYKEHHEM IITyOWHBI
Y TUIomaay nporutasieHus (cM. puc. 3). Takas crmoxHas
3aBHCHMOCTH NTOATBEP)KAACTCS PE3yNbTaTaMi pacyera Imo
H.H. Prikanuny [9].
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Fig. 6. Heat affected zone thermal cycles at the automatic submerged arc cladding: when there is a coordinate y, index

responds to the cladding with vibrations

Puc. 6. TepMOLMKIBI OKOJOIIOBHOI 30HBI NPU aBTOMATHYECKOW HAIUIaBKe MHOJ (JIFOCOM: HMHJAEKC K
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CONCLUSIONS. 1. The ranges of changes in fre-
quency and amplitude of high frequency vibrations of
the electrode, determined by calculation, provide a com-
bined control of the thickness of the liquid-metal layer
on the electrode tip, the nature of metal transfer through
the arc and the geometry of penetration at the automatic
submerged arc cladding. The developed diagram “fre-
quency—amplitude” of vibrations and the improved de-
sign of current supply of the welding head allow us to
realize the combined control action on the electrode.

2. Based on calculations using the Peclet number it
is shown that the average speed of the arc transfer cor-
responds to the circuit of the fast-moving heating source
at the automatic cladding with high-frequency vibrations
of the electrode.

3. High-frequency vibrations of the electrode con-
tribute to the dispersal of the heat flow and changing in
the geometry of cladding. Calculations have shown that
at the low-carbon steel cladding with the arc with the
power of 7 kW the increase of the amplitude of trans-
verse vibrations up to 20 mm leads to the decrease in
depth of penetration by 50 % as compared with cladding
without vibration. It was experimentally stated that at the
cladding with vibrations with the frequency of 250 Hz
the maximum temperature at a distance of 6 mm from the
axis of the roller exceeds the metal temperature by 15%
at the cladding without vibrations.
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BBIBOJDbI. 1. YcTaHOBIEHHBIE pacieTOM JHAIa30-
Hbl UBMCHCHUA YaCTOTbl U aMIUIMTYAbl BBICOKOYACTOT-
HBIX KoJIeOaHHUH AJIeKTpoa 0OeceunBaroT KOMOUHUPO-
BaHHOE YIPABJICHUE TOJIIUHON JKUIKO-METAJLTHUECKOTO
CJIOS Ha TOpILE 3JIEKTPoJa, XapakTepoM IepeHoca Me-
Tajula 4epe3 AyTy U FeOMETPHEH MPOIUIABICHUS TIPH aB-
TOMAaTHYEeCKOH HarwiaBke mox (orocom. PaspaboranHas
qUarpaMma «4acToTa—aMIUTUTyaa» KojeOaHWid W yco-
BEPIICHCTBOBAHHAS KOHCTPYKIIHSI TOKOMIOABO/A CBAPOU-
HOW TOJIOBKH ITO3BOJISIIOT Peaji30BaTh KOMOMHHPOBAH-
HOE yTIpaBIISIOIIee BO3ICHCTBHE HA AIEKTPOI.

2. Ha ocHOBaHMH pacdyeToB C HCIOIH30BAHUEM KpHU-
Tepus Ilexne mokazaHo, 4TO NpU aBTOMATUYECKOW Ha-
IUTaBKE C BBICOKOYACTOTHBIMHM KOJEOAHHUSIMH OJICKTpOJa
CpCaHsAA CKOPOCTh HNEPEMCIICHUSA AYTU COOTBETCTBYET
cxeme OBICTPOIBHKYILETr0Cs HCTOUHMKA HarpeBa.

3. BricokoyacToTHBIE KoJIeOaHHs ITEKTPOIA CITOCO0-
CTBYIOT PacCcpea0TOYEHHIO TEIJIOBOTO OTOKA U U3MEHe-
HUIO TEOMETPUH HAIDIaBKH. PacdeTsl mokasaiu, 4To mpu
HAIJIaBKE HA HU3KOYTIICPOIWCTYIO CTallb ITyTOH MOII-
HOCTBIO 7 KBT yBemudeHHE aMIUTUTYOBI TOMEPEdHBIX
xoseOanmit 10 20 MM MPUBOAXT K CHHMIKCHUIO TITyOMHEI
nporiasieHust Ha 50 % 1o cpaBHEHMIO ¢ HaIIaBKOH 0e3
KoJleOaHuid. DKCIIEPUMEHTAILHO YCTAHOBJIEHO, YTO TIPH
HaIUIaBKe ¢ KojeOaHussMu gactotoi 250 'y Makcumaib-
Has TeMIlepaTypa Ha pacCTOSHHH 6 MM OT OCH BaJIMKa
MIPEBBIIAET TEMIIEpaTypy MeTajia MpH HaljlaBke 0e3
kosebanuii Ha 15 %.
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