ISSN 2409-9392 Machinery in agricultural production, industry machine building, automation, 2018, Col.31

first of all, by the volume density of the thermal power. The latter, in turn, is determined by the dynamic pressure
of the flow of the working fluid, as well as, in certain limits, by the polarity of the electrodes. In this connection,
it is possible to easily control the quality of the heat sources on the electrodes, and consequently the quality of
the erosion process, performing processing irrespective of the current in a wide range of modes, beginning from
rough sized melting and to prevailing thin dimensional evaporation.

The physical process of electric erosion during dimensional processing by electric arc is characterized
by a continuous supply of energy to the treatment zone, continuous burning of the arc and the continuous
existence of heat sources at the electrodes. So the thermal effect of the discharge on the electrodes is continuous
and the process of erosion is continuously proceeding.

Described according to the existing ideas in the field of the physics of thermal processes, some
qualitative characteristics of heat sources on electrodes under conditions of dimensional processing by an electric
arc and their correspondence to experimental data for electrodes from iron and steels.
electric arc, anode, cathode, arc column, source of heat, working fluid, current density
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Improved quality control of welded joints

In this work, the magnetic field was reconfigured to control the suture. A computational model with a
layout scheme for the horizontal and vertical magnetic fields of the seam bead with reference to the Cartesian
coordinate system is proposed. The magnetic charges for a given welding roller are calculated. The topography
of the defect field on the surface of the butt weld has been estimated. The results of the calculation of the
tangential component of the field of convexity of the weld are obtained when the object is magnetized at an
angle to the surface by the primary. The results of theoretical and experimental studies have shown high
consistency, it is established that when the object is magnetized simultaneously perpendicular and parallel to its
surface, the tangential component of the field The convexity of the seam is skew-symmetric, reminiscent of a
sinusoid. The change in the convexity parameters of the weld does not change the field in the plane of its
symmetry.
control, quality, object, welding compound, roller, topography, field, reliability, joint welding joint, defect,
surface, magnet, Cartesian coordinate system
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l[enmpa/zbnoykpaw-tcxud HaquHa]leblﬁ MmexHu4ecKull YHUsepcumem, . KponueHuuKuzl, Ykpauna
IToBBILIEHHE KOHTPOJIA KAYeCTBA CBAPHbIX COCAUHEHNH

B pa60Te MPOBEACHO MEPECTPOCHUE MArHUTHOI'O HOJIA AJIA KOHTPOJIA CBAPOYHOI'O IIBA. Hpezmomeﬂa
pacyeTHad MOJCIb CO CXeMOoM PACIIOJIOKCHUA TOPU3OHTAJIIBHOIO U BCPTUKAJIBHOI'O MArHUTHBIX MOJIeH BaJuKa
mBa C HpI/IBHSKOﬁ K I[eKapTOBOﬁ CHUCTEME KOOpAMHAT. HpOI/ISBe,EleH pacdeT MaroHuTHLIX 3apsAA0B I 3aJaHHOI'O
cBapouHoro Banmuka. OmuenHeHa tomorpadus mois AeeKTa Ha IMOBEPXHOCTH CTHIKOBOTO CBApHOTO INBa
Tlonmydensl pe3ysabTaThl pacueTa TAHTCHIHATbHON COCTABIISAIONICH MOJIS BBIMYKIOCTH IIBA TP HAMarHUYMBaHUU
0o0beKTa moa yrjoM K TOBEPXHOCTH TICPBUYHBIM PeSyHLTaTBI TCOPETUUYCCKUX U OKCIICPUMEHTAJIbHBIX
HCCJ’IG}IOBaHI/Iﬁ IMoKasaJin BBICOKYIO COIIaCOBAHHOCTH, YCTAaHOBJICHO, YTO KOrI'Ja 00BbEeKT HaMarHu4yeH
OAHOBPEMECHHO MNEPICHAUKYIAPHO W HapaUICJIbHO €ro MNOBEPXHOCTH, TaHI'CHIHAJIbHAsA COCTaBJIAIOMIAasA I10JIA
BBIITYKJIOCTH IIBa SABJIACTCA KOCOCHMMeTpPI‘lHOfI, Hal'[OMPIHaIOH.[eﬁ CUHyCcounay. H3menenne napamMeTpoB
BBIITYKJIOCTH HIBA HC MPUBOAUT K U3BMCHCHUIO MOJI B INIOCKOCTH €TI0 CUMMCETPUH.
KOHTPOJ1b, KA4€CTBO, 00bEKT, CBAPOYHOE COeJUHEeHHE, BAIUK, TONOrpadus, noje, HageKHOCTh, CTHIKOBOI
CBAPOYHbBIi 1I0B, 1e()eKT, IOBEPXHOCTb, MATHUT, J€KAPTOBA CHCTEMa KOOPAMHAT
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Statement of the problems. Welding works occupy a significant share in the
production of machine building and construction. An important factor in increasing the
service life of welded joints is improving the control of welded joints. To increase the
reliability of the magnetographic inspection of butt welded joints, it is necessary to rebuild
from the fields due to the presence of the convexity of the welded seam.

Analysis of recent researches and publishing.The results of theoretical and
experimental studies of magnetostatic fields on the surface of the convexity of the seam
during magnetization by a field directed parallel to the surface of the controlled article are
given in [1-3]. To extend the capabilities of the magnetographic method of control allows the
use of a permanent small-sized magnet in the form of a parallelepiped, which is moved
directly above the controlled surface on which the magnetic tape is laid, and a face with one
pole facing it, to magnetize instead of an electromagnet [4]. In this case, the primary field

H , in the control zone becomes inhomogeneous and contains both normal and tangential

components. An investigation of the magnetostatic field of the convexity of the welded joint
was carried out in [5] for the case when the primary field is directed normally to the surface of
the article.

The main material. The task of this work was to study the topography of the
magnetostatic field caused by a defect-free welded roller on the surface of a welded joint under
the action of a normal Nox and the tangential Ho of the components of the primary field.

Let's assume that the welded seam is made on the surface of a ferromagnetic plate
made of low-carbon steel, which makes it possible to neglect the influence of chemical and
structural inhomogeneities on the magnetic properties of the weld and the weld zone. Let the
height of the seam bead c, width b (Fig, 1). The external field is directed at an angle to the
surface of the plate. The position of the Cartesian coordinate system is shown in Fig. 1. In this
case, the Z axis is directed along the longitudinal axis of the seam.

Since the value of the normal component Hoy of the primary field under the magnet
pole can be regarded as a first approximation in the constant

Dividing the reinforcement height of the seam by planes parallel to XZ into (c/ C, ) n
equal parts, where ¢; = 1 mm, we use for analysis the approximation of the surface of
reinforcement of the seam by the broken surface ABCDE [1] (Fig. 1). When a perpendicular
plate is magnetized by an external field on its surface (]x/> b/2) and on all planes of a broken
surface parallel to XZ, negative bound "magnetic charges" with density o; = k-Hyy = o°sinf.
Since the value of the normal component H,y of the primary field under the magnet pole can
be regarded as a constant in the first approximation, then the value of 61 can be assumed
unchanged on all horizontal areas. On all vertical faces of the broken surface parallel to YZ,
positive "charges" arise with a surface density ook = k * Hoxk = 6 cosp, the value of which
depends on the distance by from the Y axis to the k-th pad, since the value of the tangentia
component of the primary field Ho varies linearly with respect to the width of the pole and is
zero for x = 0.

The calculation procedure is similar to [1, 5].

The tangential Hy and normal Hy components of the field strength at an arbitrary point
are determined by summing, respectively, Hy; and Hy; of the field components from the action
of the "magnetic charges" of each of the sections of the computational model [1, 5]. The
components of the field strength, due to the charge density 6, on the horizontal sections of the

plate at —oo0 < x, S_% and %le < oo, are defined as
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Figure 1 — Calculation model
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where
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C C
=k-1 at x| <b2; W :_k;l,at x| > b/2.
n

After integration of expressions (1) - (4) with respect to x in the indicated limits, and
expressions (5) - (8) with respect to # in the range from O to h and their summation, we
obtain:

(X+/) +y < [(X+bk+1) +(y— Yk)][(x b) +(y - Yk)]
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(10)

If the weld surface in the plane, normal longitudinal axis of the weld, is approximated
by a parabola, then by and by, are determined according to [1] as

_ _0 S
bk—x|y:yk—2 1 kc-n (11)

b c
by, =x|y%] :51/1—(k+1)ﬁ. (12)

The dependences (9) and (10) make it possible to determine the tangential Hy—— and
the normal Hy—- components of the magnetic field strength outside the seam, since in this
case the axes t and n coincide with X and Y. On the surface of the welded joint (]x| <b/2), the
axis T is tangential to the convexity of the seam [1, 5] and forms the angle a (x) with the X
axis. In this case, the tangential and normal components of the joint convexity field on the
joint surface are determined from the expressions:

H; = H.—cos oa(x) — Hyc-sin o(x); (13)
H,—~= Hy—sin a(x) — H,— cos a(x). (14)

and correspondingly

The results of calculating the tangential component of the field of convexity of the
seam when the object is magnetized at an angle to the surface by the primary field are shown
in Fig. 2.
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Figure 2 - Dependence of the tangential component on the surface of the welded joint
on the magnetization conditions b= 14 mm,c=2 mm, ¢;=1.5A/m,5,=0.1;0.5;0.9 A/ m

To assess the analytical dependencies obtained, experimental studies of the
topography of the tangential component of the magnetic field strength on the surface of the
welded surface of the weld have been carried out, since it is this field component that is
recorded on the magnetic tape. To create a magnetizing field directed at an angle to the
surface of the test sample, a permanent magnet was used. The sample was made in the form
of a steel plate with a welded bead on its surface. To measure the magnetic field strength, a
millislotometer ION-3 was used. The results of the measurements are shown in Fig. 3.
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Figure 3 — Experimental topography of the tangential component of the field of convexity of the seam,
caused by the normal and tangential components of the external magnetic field: 1) b= 11 mm; ¢ = 1.5 mm;
2)b=12.5mm; ¢c=1.7 mm; 3) b= 14 mm; ¢ = 3 mm

Conclusion. Thus, based on the results of calculation and experiment, it is established
that when the object is magnetized simultaneously perpendicularly and parallel to its surface,
the tangential component of the field of convexity of the seam is skew-symmetric, resembling
a sinusoid. The change in the parameters of the convexity of the seam does not lead to a
change in the field in the plane of its symmetry. An increase in the horizontal component of
the primary field, which is equivalent to an increase in o5, leads to an increase in the modulus
of tension H;—- in the middle part of the seam (but not in the plane of symmetry) and to a
decrease in the approach to the edges of the seam.
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O.1. Maskeiika, npod., KaHJ. TeXH. HAYK
Llenmpanvnoykpaincokuu Hayionarbuull mexHiunuil ynieepcumem, m. Kponusnuyvruii, Yxpaina
IlinBUIIEeHHS] KOHTPOJIIO AKOCTi 3BapHUX 3'€IHAHb

JIJiss TOCTOBIPHOCTI Ta MiJBUIICHHS SKOCTI MarHiTOrpadivHOrO KOHTPOJIO MPOBEICHO TOCIIKCHHS
MAarHiTHOTO TOJIA 3BapIOBANBHUX IIBIB HA MOBEPXHI OMYKJIOCTI mBa. MeToo gaHoi poOOTH € aHali3 iCHYIOYHX
METOJIIB MarHiTHOIO KOHTPOJIIO 3BapHMX MLIBIB 1 MiJIBUIIEHHS SKOCTI KOHTPOJIIO 3BAPHUX 3'€JHAHb ILIIXOM
(hopMyBaHHS MarHITOCTaTIYECKOTO IOJIS B 30HI 3BAPHOTO 3'€JHAHHS NIPHW HaMarHi4yBaHHI TOJIEM, CIIPSIMOBAHUM
napaeibHO 1 HepPIeHANKYIISIPHO IIOBEPXHI KOHTPOJILOBAHOT'O BUPOOH.

Jlna migBUIIeHHS HAAIHHOCTI MarHiTorpadideckie KOHTPOJIIO CTUKOBHUX 3BapHUX 3'€THAHB, HEOOXiTHO
nepeOyyBaTH MAarHiTHI TOJIi 4epe3 HAasBHICTb OIYKJIOCTI 3BapHOTO IIBA. 3aIpPONOHOBAHO PO3PaXyHKOBY
MOJIETIb 31 CXEMOIO pO3TalllyBaHHS TOPU3OHTAIHLHOTO 1 BEPTUKAJHHOTO MATHITHUX TIOJIB BaJldKa IBa 3
MPUB'A3KOI0 10 JIEKapTOBiM cHcTeMi KOOpAWHAT. 3pOOJIEHO PO3paxyHOK MArHITHHX 3apsiliB UId 3aaHOTO
3BaproBabHOTO Bajika. OuiHeHa Tornorpadis 1moss 1eeKTy Ha MOBEPXHI CTUKOBOTO 3BapHOro msea. OTpumaHo
pe3yJIbTaTH PO3paxyHKy TaHTEHINIabHOI CKIJIAJ0BOi MOJS OMyKJIOCTi IIBa MPHW HaMarHidyBaHHI 00'€kTa miJ
KyTOM [II0 IOBEpXHI NEepBUHHUM TnojeM. Jlasi OmMiHKM OTPHMAaHWX AHAJITHYHHX 3aJIeKHOCTEH OyJan
NpoBeJeHi eKcmepUMEHTANbHI AociailikeHHs1 Tomorpadii TaHreHuHiaJbHOI CKJIAA0BOI HANpPY:KEHOCTI
MArHiTHOIO MOJISi HA MOBEPXHi ONyKJIOCTi 3BapHOro mBa. /st BUMIpIOBaHHSI HANPYKEHOCTi MArHITHOTO
NO0JIsi BUKOPHCTOBYBAJIM CyyacHe 00JI1alHAHHA. Pe3ylbTaT TEOPETHYHHX 1 eKCIIEPIMEHTAIBHUX JOCHTITKEHb
MOKA3aJIM BUCOKY y3TOJUKEHICTB.

Buxomsuu 3 pe3ynbTaTiB po3paxyHKY i eKCIEpUMEHTY, BCTAHOBIICHO, IO KOJIK 00'€KT HaMarHideHUH
OJTHOYACHO TIEPIICHIUKYISAPHO 1 IMapajenbHO HOro MOBEpXHi, TAHTEHIIANbHA CKJIa0Ba MOJS OIyKJIOCTI IIBa €
KOCOCIMMETPIUHOM, 110 Haraaye CHHycoiny. 3MiHa IapaMeTpiB OMYKIOCTI IBA HE MPU3BOANUTH A0 3MiHHU IMOJS B
TUTOIMHI HOTO CUMETPl.

KOHTPOJIb, AIKiCTh, 00'€KT, 3BaploBajibHe 3'eJHAHHS, BAJHK, Tomorpadis, mose, HaailiHicTh, CTUKOBMIi
3BapIOBAJIbHUI 1I0B, 1e()eKT, NOBEPXHS, MATHIT, IeKAPTOBAa CUCTEeMAa KOOPAUHAT
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