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APPLICATION OF STRAIN REDUCERS ON MAIN UNITS
OF CCM PROCESS EQUIPMENT

Presence of cracks and other surface defects is completely prohibited at exploitation of
industrial facilities. This condition is of vital importance for component parts of a complex of big
equipment. For example, for continuous casting machines (CCMs), whose total weight exceeds
several thousand metric tons a failure of a single component part can lead to serious consequences,
due to imminent hue material losses. Such hard conditions of such equipment not only influence its
operation, reducing its service life, but also may have a negative impact on the quality of
production. Such negative influence can be expressed in the following way: regulation of the main
units may be altered following overheating of the equipment, due to thermal expansion of mostly
heated elements. In case of presence of cracks in the most loaded unit of dummy bar —its head part
its bearing capacity may be altered and appearance of excessive deformations may not be excluded,
i.e. its transverse dimensions may be changed. Besides, cracks in the locking part of the dummy bar
are out of the question, in order to avoid solidification of liquid metal in cracks.

The problem of reducing intensity of cracks formation can be solved in different ways. Its
practical solution depends upon the part’s design and peculiarities of its loading. For operation of
dummy bars of slab casting CCMs it should be noted that this problem is closely connected with
asymmetric design of dummy bars heads and one-way heat delivery and removal for its locking
part. The finite elements method was used for the analysis of stress-strain state in the article. Three-
dimensional simulation models were divided into finite elements and after that they underwent
various theoretically possible loads. Simulation made it possible to establish the most vulnerable
sections of the design, undergoing most severe loads, in case they are applied. Particularly, it was
found out that the edge parts of transverse section of a dummy bar head experience the biggest
deformations, consequently, cracks can spring up at a certain pitch and develop on the surface of
the projection of the lock. The analysis of the initial data showed that for reduction of thermal
strain in the lock projection it was necessary to make deformation inside its upper layers more free.
It will be is possible if a transverse slot is made, dividing the projection length into two elements.
Heating and cooling of the surface lock’s layer could become safer, at that, from the point of view
of elongating stresses, thus reducing the probability of cracks formation.
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PACYET HHAYKIHWU IMMTPOJOJBbHOI'O MAT'HUTHOI'O ITOJIA
IIPU YT OBOM HAILTABKE

Tloxazano, umo 6 Hacmosiyee 6peMs UMelWUecs pacuemuvie MemoOuKy, NO360NIOUUE
onpeodenums UHOYKYUIO NPOO0OTbHO20 Machumuo2o noas (I[IPMII) noo mopyom ceapounozo
2NIeKmpooa, 061a0arwe20  GepPoMAaSHUMHBIMU — CEOUCMEAMU,  OMAULAIOMCS  3HAYUMETbHOU
cnooicHocmoio. Euge bonvute ycrnoscnsemes paciemuas MemoouKd, eciiu He moabKo 21eKmpoo, HO U
uzoenue uzeomogieHsvl U3 peppomacHumnblx mamepuanos. HUmeowascs npocmas memoouka Os
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onpeoenenus unoykyuu IIPMII 6 smoii 30ne npumeHuMa moabKo npu UCNOIb308AHUU HEMACHUMHOU
CBAPOUHOU NPOBONOKU U u30erus (naacmunvl). Ha ocHose 6bINOIHEHHbIX IKCNEPUMEHMOE
VCMAHOBNEHO, YMO, eCau IeKMPoo heppomacHemuK, a uzoeiue HeMacHumHoe, mo UHOYKyus noo
mopyom snekmpooa (nposonoku Ce-084 ouamempom 5 mm) 6o3pacmaem 8 1 paz no cpasHeHuio ¢
ee 3HaueHUuAMU, K020a 21eKmpoo He Aeisiemcs gheppomacHemuxom. Ecau u snekmpoo, u uzoenue —
deppomacnemuru, mo unoykyusa B, IIPMII eo3pacmaem noo mopyom srexkmpooa 6 9 paz. Omo
cnpagednueo npu 0y208ot Hanaaske nposonokou Ce-084 (peppomacnummoii) ouamempamu 3 u 4
MM NPU pacCMOSHUU Om mopya d1ekmpooa 00 uzdenus 0o 10 mm. Omo cnpasediuso maraice He
monvKko npu ucnoavzosanuu nposonoku Ce-08A u3z geppomacnumuoco mamepuana, HO u 07
opyaux nposo.oK, sasnawuxcia @eppomacuemurxamu, nanpumep, Hn-30XI'CA u Ce-0812C,
KOmopble WUpoKo npumensaom 0isl céapku u Hanaasku. Ilokazano, ymo Hu3 om mopya 31eKkmpooa
K U30e1Ut0 UHOYKYUsL YMEHbUIAemcs no YCMAaHO08IeHHOU paHee 3asucumocmu. B 30ue 31ekmpooHoi
Kanau, m.e. Ha paccmosiHuu 2...3 MM om mopya 21eKmpooa Habao0aemcs Xopouas cXo0umMocms
PACUEMHbIX U IKCNEPUMEHMANbHBIX OAHHBIX O BelUuduHe NPOOOJbHOU KOMNOHEHmMbl UHOVKYUU
IIPMII. Dmu oOanHble 6axCHbL 0N 00BACHEHUS NOBeOeHUsl INeKMPOOHOU Kaniu Ha mopye Kax
HeMAa2HUmMHO20, MAaK U eppoMAaAcHUMHO20 2]1eKmpooa npu Haniaeke ¢ gosdeticmeuem [IPMII
Paspabomannas pacuemnas memoouxa npeonazaemcs K UCHONb308AHUIO NPU 0V2080U HANIABKE
(ceéapxe) nposonokoil noo gharocom ¢ sozoeticmsuem ynpasisrowux [IPMII.

Knirouesvie cnosa: 0yz2o6as nannaeka, npogonoxa, npoooibHoe MASHUMHOe noje, UHOYKYUs,
geppomacnemux, pacuemnas Memoouxa.

IMocTanoBka npoodaembl. AKTyaabHOU MPOOIEMON SABJIsETCS MOBbIIEHNE YPPEKTUBHOCTH
mporecca 3JIEKTPOAYyroBOM HAIUIABKU M CBAPKH MPOBOJIOKOH moj ¢urocom. B Hacrosimiee Bpems
UCCIIEIOBAHO BJMSHHE MpoaoibHOro marHutHoro moins (IIPMII) ma reomerpuueckue pa3Mepsl
mBOB npu cBapke. OnHAaKO HET ucciaeAoBaHU 00 wHAyKIuU ynpasistomero [IPMII, kotopsie
reHepupyet yctpoiictBo BBoaa (YB) [IPMII, u meTtonoB ee pacyera.

AHa/IU3 NMocJaeHUX UCCae0BaHMi U nyOaukauuid. B padote [1] mpuBeneHa metoauka
pacuera npoJoJabHOM KOMIOHEHThl MHAYKIMU (B;) IIPMII nmox TopoM 351eKTpOoHON HMPOBOJIOKH
(HEMarHUTHOM, C MarHUTHOW MPOHUIIAEMOCThIO i = 1) mpu ayroBoil HamiaBke. B 3Toil Meroauke
UCHOJIB3YIOTCS JaHHbIE O BEJIMYMHE HAMarHW4YMBaroIeil cuiie 0OMOTKH (BEJIMYMHE aMIIEPBUTKOB —
I'W) u crenyromux KOHCTPYKTUBHBIX pasmepoB YB TIPMII (puc. 1): d, — HapyxHbIi auamerp
dbeppomarautHoro cepaevynuka (1); umcmo ButkoB (W) obmortku (2); BeicoTa 0OMOTKM — L;
paccTostHue oT Topua cepaeuHuka (1) mo wum3menus-turactuebl — A. JluameTp 3JeKTpOaHON
npoBonoku (d,) B METOJHMKE HE HCHOJB3YeTCs, MOCKOJBbKY IMPEAIOIaraeTcsi, 4To DJICKTPOJ W3
HEMarHUTHOTO MaTepHala, U3JelIue TAKKe — M3 HEeMarHUTHOTro Matepuana (u = 1).

Crnenyer OTMETUTH, 4TO pa3Mep A Ha puc. 1 (BO3IYIIHBIN 3a30p) CUMBOJIIM3UPYET HAIUYHE
Ha TOpIE AJIEKTpona >kuakon karum (¢ = 1) m cBapounoit nyru (u = 1). Ilockonmpky Bce Tema
cucremsl YB ITPMII (kpome eppocepreynrka) He ABISIOTCS (peppoMarHeTUKaMu, U He HCKaXKaroT
CTpPOEHHE MarHuTHOro mnoiis, koropoe rerepupyer YB IIPMII, To mo meronuke pabotsl [1]
BO3MOXKHO OTIPEAETUTh HHAYKIUIO B, B m000ii Touke Baonb ocu OZ.

OpnHako Ha MpaKTHKeE, yallle BCEro, MMEeeT MEeCTO CUTyallus, Korja JuOo 3JIeKTpol, JIMOo
u3zenue, Tu00 OJHOBPEMEHHO M AJIEKTPOJ M M3JeIHE SABISIOTCS (eppOMarHUTHBIMH TeJIaMHu,
KOTOpBIE MCKa)XaroT CTPOEHHWE MAarHUTHOIO MOJs B 30He moja ¢eppocepaeunukom YB ITPMIIL. B
3TOM Cllydae pacueTHas MeToauka padotsl [1] He nmpumenuma. Mmeetcs nporpamma ANSYS [2],
KOTOpasi MO3BOJISET ONPEAETUTh UHIYKIMIO B 30HE M0/ TopoM ¢eppocepaeunuka YB [IPMIIL, o
OHa SIBIISIETCSl YPE3BBIYANHO CIIOKHOM, UTO 3aTpyaHSET ee ucnonb3oBanue [3]. B pabore [4] Ha
OCHOBE METO/Ia BTOPUYHBIX HCTOYHUKOB [5, 6] Takas 3ajada pelieHa, mporpamMma pacueroB MpHU
sToM Tmipomre, yeM mporpamma ANSYS, mNOCKOIbKY OTHOCHTCS K CHCTEME CHMMETPHUYHBIX
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(otHocutensHO ocu OZ mo puc. 1) Tenm. B aToit MeTomumke wHTErpagbHO-AMbdepeHIInaTbHbIC
YpaBHEHHs PEIIAIOTCS YHUCICHHO METOJOM OJOYHOM HMHTerpalyy, 4Yro 3aTpyIHSET ee
ucronb3oBanue. B pabGore [7] aHamormuHas 3amada  JJIg  OCECHMMETPHYHOH  CHCTEMBI
deppomarautHeix Ten (YB TIPMII) pemiena ¢ ucmonpb30BaHUEM METOAa BEKTOPHOTO MAarHHTHOTO
MIOTEHLIMajJa B CTALlMOHAPHBIX IJIOCKOMEPUIMAIBHBIX MAarHUTHBIX IMOJISX. JTa METOAMKA IPOILE,
YeM METOJWKH, NpHUBEJACHHBIE B padoTax [2, 4]. 3agaya 31ech peliajach TAKXKE YHUCICHHBIM
METOJIOM KOHEUYHBIX pa3HOCTEH, YTO TaKXKe 3aTPyAHSET €€ HCIOJIb30BaHWE B HMH)KEHEPHOU
MIPaKTHKE.

Lesas padoThl. Llenbio HacTosmIel pabOTH SABIsSETCS pa3padOTKa WHXEHEPHON pacueTHOMH
METOJIMKH, TIO3BOJIAIOLIEH OMpeNeInTh YHUCIEHHBIE 3HAYEHHUS MPOJOJIbHOM KOMIIOHEHTHI
IIPOJOJILHOTO MAarHUTHOI'O MOJIS 110/ TOPLOM IEKTPOJa IpU AYTOBOM HaIlIaBKe, KOTJa U3JEIUe U
ANEKTPOJ ABISAIOTCS (PEpPOMArHUTHBIMH TEJIAMHU.

OcHOBHBIC HANPABJIECHHMS HMCCJIEJ0BAHMH. DKCIEPUMEHTAIBHO HCCIEIOBAIM CTPOCHUE
MarHUTHOTO MOJs (MHAYKLUHIO) Tpu ucnoib3oBaHuu YB TIPMII Takux ke KOHCTPYKTHBHBIX
pa3mepoB, kak u B padote [7], a umenHo (puc. 1): R = dy/2 = 25 mm (dy, — HapyXHBII JHaMETp
dbeppocepanunnka); L = 50 mm; H = 40 mm; A = 5 mm; auametp npoBosioku CB-08A — d, = 5 Mmm
(beppomarnetuk, u =~ 500), 160 u3 cranu 12X18HIO0T (u = 1). [lanHbIe 0 MarHUTHBIX CBOMCTBAX,
UCIIOJIb30BaHHBIX B JaHHOW paboTe MarepualioB, npuBefeHbl B padore [8]. Uumcino BHUTKOB
oJHocoHON 00MoTKH (2) cocraBiusuiio W = 20, B oOMOTKE NpONYCKadud IOCTOSHHBIA TOK
senmunHoi | = 50 A (I'W = 1000). Usmepsiin nipogonbhyto (B;) u paguanbayto (By) KOMITOHEHTHI
uHAYKIMU muirecaamerpom 42305 ¢ garuukom Xosna ¢ 6azoit 0,9x0,9 MM Brons ocu OZ ot
ToukH 0, €ClM IIEKTPOJ W U3JIeNHe U3 HEMAarHUTHBIX MaTepuanoB U OT Touku A (puc. 1), ecnu
AIIEKTPOJ] M M3J1eNne U3 (PepPOMArHUTHBIX MaTepuaioB. M3mepsuin Takxke 3HaUeHUS HHAYKIuu B, y
noBepxHocTu crepxHs (1) (Z = 0). B Tabauie npuBeaeHsl cpennue 3HaueHus B, 3 3-x m3mepeHuit
B xapakrepHbix Toukax (I-W = 1000).
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Pucynok 1 — Cxema cuctemsl T JJIsl ONpeIeTICHUST MHIYKITUA MarHUTHOTO TIOJIS:
1 — deppocepneunuk; 2 — 0OMOTKa; 3 — uznenue; 4 — AMEKTPoIHAS TPOBOJIOKA

Boruncnsinm takke 3HaYeHUS HHAYKIUU B; B Touke 0 (puc. 1) mo ¢popmyne [1]:

Pexum noctymy: http://sap.pstu.edu

111


http://sap.pstu.edu/

Hayka Ta BUpOGHMIITBO

2019 p. Bum. 20
Mawiunoodyoysanns i 36aproéaibhe 6upoOHUUMEO

W L

B oy V. L
R TN I

/1€ {0 — MAarHUTHAs MIOCTOSIHHAA, Lo = 41 107 Tu/m;

R — pamuyc deppocepacunuka, R = d/2 = 25 mm.

Brraucnennsie no hopmyne (1) 3Hauenne B, ymuoxxanu (yBennuuBain) Ha KOAQHHUIMEHT N,
onpenenseMblil mo Gopmyie [1]:

1)

n =375 0,0912(F, — 2,08), )

rae F. — nmonepeunoe ceuenue crepxus (puc. 1, mos. 1) YB I[TPMII, M.
Koaddumument n yuntsiBaer Hanmnuue dpeppocepacunnka B YB [TPMIL.

Habmronaercs yBenuuenue WHAyKIMM Bz moa TopuoMm QeppoMarHUTHOTO 3JIEKTpoa
(u3genue — HEMAar€HuTHOE) B 7 pa3 IO OTHOLIGHHWIO K BenuuunHe Bz, ecnu anextpon u3
HEMarHuTHOTO Martepuana (B Touke «A», Z = 35 wmm). Eciu u snextpon, u uzgenue —
(dbeppoMarHeTHKy, TO yBeIWMYeHHEe Bz Bbime TOYKH «A» cocTaBisgeT — 9 (10 CpaBHEHHIO CO
3HaueHueM Bz, ecnu u a1ekTpoa, U u3enrue U3 HEeMarHUTHBIX MaTepHalioB, KOra B Touke «A» Bz
=10 mTn).

Ha yuactke ocu OZ ot Z =35 MM 10 Z = 40 mm (R = 0) HaGnrogaercs pe3koe yMEeHbIIEHUE
uHAykuuu Bz (.. 2, 3 tabnuibn).

Tabmuna 1 — 3HayeHns HHAYKIMH B UCCIIETYEMbIX TOUKaX

NoNe MaruuTtHble CBOHMCTBA TEII
Paccrostaue Z, mm | Unnykus B, mTn

I AJIEKTPOJI H3JeIne
HemarantHoE HemaranTtHOC 0 25
1 —1 ’ —1 ’ 35 10
" H 40 9
HemarautHoe 0 40
2 deppomMarHeTuk — 1 ’ 35 70
H 40 24
0 50
3 deppomMarHeTuk deppomarHeTuk 35 90
40 40

B pabote [1] moka3zano, uro ¢eppocepreunuk (1) YB IIPMII sBnsercs HaMarHUueHHBIM
TenoM W WHAYKus B; ot ero topmua (ot Toukm «0» Ha puc. 1) Bmoms ocu OZ ymeHbIIaercst B
COOTBETCTBHUH € (POPMYIION:

2
B, R 3)

Bz max - R2+ZZ’

rae Z — KoopuHaTa TOYKH, OTCUUThIBaeMast oT To9kH «0» (puc.1), m;

B:max — 3Hauenue uHaykimu (MTm) B Touke «O» (puc. 1).

[Tonaranu, 4ro @eppomarnuTHblii 3iexTpon (1) B cocrae YB IIPMII sBnsercs
HaMarHMYEHHBIM TeJOM (IIpH MpPOTeKaHUM ToKa B oOMoTke. [loymaramnu, 4To aHAJIOTMYHO MOKHO
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BBIYMCIINTH 3HaueHus B, Bmons ocm OZ or Topua snekrpoaa (OT TOYKH «A» 1o puc. 1) mo
dbopmyre:

B, _ r32
Bz max I’32+Z2

(4)

rje I, — paguyc anektpoaa; I, = d,/2 = 2,5 mm;

B:max — 3HaUeHHME MHAYKUUU B TOuke «A» (y Topua anekrponaa, MTi), mpuBeIeHHbIE B
TabuIe.

YcranoBieHo (puc. 2), uyto B Bapuante cuctembl ten (YB TIPMII), npuBeneHHBIX B
TaOJIUIIEe, OTHOCUTENIbHBIC 3HaUCHUS B,/Bsmax O1M3ku Mexay coboii. Beruncienusie o hopmysie (4)
3HayeHuss B,/B;max mpuBeneHbl B Buae 3HaukoB — A (Ha puc. 2). Habmiomaercs ux moiHoe
COBIIAJICHUE C DKCICPUMCHTAIBHBIMU JAaHHBIMU TOJBKO Ha ydacTke Huxke Z = 0...2 MM OT Topua
ANEKTPO/a, T.€. B 30HE PACIHOJIOKEHHUS JIEKTPOJHON KaIuid. DTO Ba)KHO Ui aHAM3a TMOBEICHUS
3JIEKTPOJHOM KaruM nOpu HariaBke ¢ BosueiictBueMm [IPMIL. [l mosydeHuss JaHHBIX O
paauanbHOM KOMIIOHEHTEe WHAYKIIMM MBI HCIIOJIB30Balld JAPYTUe€ MOAXOAbI, O KOTOPBIX Oymer
COOOIICHO B MOCIEAYIOIIEH TyOINKAIIH.

Cootnomenue B /B,

max

0 0,2 0.4 0.6 0,8 1,0
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Pucynok 2 — PacnipesiesieHre OTHOCUTENbHBIX 3HaUCHUH B,/B;max B106 0c OZ (H = 40 mwm;
A=5wmm; d,=5mMm): 1, 2, 3 — cOOTBETCTBYIOT MMyHKTaM 1, 2, 3 Tabnuiiel; 4 — pacueTHbIC 3HAUCHHUS

Takum oOpa3zom, Ans pacyeToB 3Ha4YeHMs B, moa Topuom (eppoOMarHUTHOTO 3JIEKTPOJa
HEe0OXOJIMMO pacyeTHbIE JaHHbIE, MOJIyYeHHbIE MO MeToAuke padoTsl [1] yBenuuuts B 7, ecinu
TOJIBKO DJIEKTPOA (eppoMarHeTUK, a €cld U DIEKTPOA, M u3lenue — (QeppoMarHeTHKH, TO
yBEIUYUTH B 9 pa3 (cM. Tabnuily). 9TO HEOOXOIMMO BBIIOTHUTH HE TOJIBKO TPU HCIOIb30BAaHUHU
npoBosiok CB-08A u3 (¢eppoMarHUTHOrO MaTepuasa, HO TaKXke W s JPYruX IPOBOJIOK,
aprsomuxcs peppomarnerukamu, Hanpumep, Hn-30XI'CA u C-0812C. Drto OyayT 3HaueHUs
UHAYKIUH Bimax 1pu yBenuueHuH paccTostHus Z (OT Topla 3JIEKTpOAa BHHM3 K M3JAEIHI0). OTH

2
b
r32+Z2

3HaueHUs B;max ClieIyeT yMEHbIIUTh (YMHOXKUTh) Ha KOOPHUIIUEHT , (Z — paccrosiHue OT
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Topua s3JeKTpoaa, Mm). IlpoBepka mokazama, 4TO 3HAUYEHUS HMHIAYKIHMHM y TOpLA 3JIEKTPOAA,
yYKa3aHHbIE B Ta0/IMIlE, COOJIIONAETCS U [ AJIEKTPOAOB 1UaMeTpoM 3 U 4 MM U paccTOsSHUAX A 110
10 mm.

TakuMm 00pa3om, 1Mo pa3padOTaHHOW METOJMKE BO3MOXKHO IMOJTYYHTh YUCIICHHBIC 3HAUYCHUS
UHAYKIUH B, B 30HE mMOA TOPIOM 3IIEKTPOAa MpPU HATUYMU DJEKTPOAa, JTUOO M 3NEKTpoja U
uzgenue U3 (peppoMarHUTHBIX MaTEpUAIOB NMPUMEHUTENBHO K AYIOBOM HaIUlaBKe IPOBOJIOKOH ¢
Bosxencreuem [IPMII.

BbIBO/IbI
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(GeppOMarHUTHOTO JJCKTPOAA, €CIH U3JeINe W3 HEeMarHuTHOro, jaub0 QeppoOMarHUTHOTO
Marepuana.
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2 52
ry +Z
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Pasmumuasie O. /1., Areea M. B.

PO3PAXYHOK IHAYKIII ITO3I0BXXHBOI'O MATHITHOI'O TTOJISA
P IYT'OBOMY HAIIJIABJIEHHI

Ilokaszano, wo 6 Oanull yac po3paxynKosi MemoOouKu, wo 003601A10Mb GUHAYUMU IHOVKYIIO
n030082#CHb020 MacHimuozo noas (IIJIMII) nio mopyem 36apro8anvHozo enekmpood, AKUll Mae
Ghepomacnimui eracmusocmi, GIOPI3HAIOMbCA 3HAYHOW CKAaOHicmio. [lle bGinbute ycKiaoHemMbCs
PO3PAXYHKOBA MemOOUKA, AKWO0 He MIilbKU eleKmpoo, a U 8Uupio 6ucomosneni 3 hepomacHimHux
mamepianie. Haaena npocma memoouka 0ns eusHavenus inoykyii IIJIMII 6 yiii 30mi modce 6ymu
3acmocoeana MiNbKU Npu  GUKOPUCMAHHI HEMACHIMHUX 36apI06AIbHO20 Opomy 1  6upody
(nnacmunu). Ha 0cHOGI BUKOHAHUX eKCNEPUMEHMI8 BCMAHOBIEHO, WO, SAKWO en1eKmpoo
gepomacnemuk, a 6eupib6 HemacHimHul, Mo IHOYKYis ni0 mopyem enekmpooa (Opomy Cg-08A4
diamempom 5 mm) 3pocmae 8 7 paszié 6 NOPIGHAHHI 3 ii 3HAYEHHAMU, KOJU eNeKMpoO He €
Gepomacnemuxom. Axwo i enekmpoo, i eupio - hepomacnemuxu, mo inoyxkyis B, IIJIMII 3pocmae
nio mopyem enexmpooa 6 9 pasie. Lle cnpaseonuso npu dyeoeomy naniasienti opomom Cg-08A
(bepomacnimnum) diamempamu 3 i 4 mm npu iocmani 6i0 mopys enekmpooa 0o eupooy oo 10 mm.
Lle cnpasednuso maxooc npu euxopucmanui He minoku opomy Ce-084 3 pepomacnimnoeo
mamepiany, ane i Ons iHwux opomie, aki € gpepomacnemuxamu, Hanpuxiao, Hn-30XI'CA ma Ce-
0812C, wo wupoko 3acmocogyioms 011 36aproeanis i Haniasnenns. Iloxazano, wo enu3 6i0 mopys
enekmpooa 00 8upody IHOVKYIs 3MEHULYEMbC 3d 6CMAHOBIEHOK pawniule 3daiexcHicmio. Y 30Hi
eleKMpOOHOI Kpanii, moomo Ha eiocmaui 2..3 MM 8i0 MOpys enekmpooa Cnocmepieacmocs
Xopowia 30IXHCHICb PO3PAXYHKOBUX [ eKCNEPUMEHMANbHUX OAHUX NP0 BelUHUH) NO3008HCHLOL
komnonenmu inoykyii IJIMII. L]i oani éasxcausi 01 nosacHeHHs no8edinKu eneKmpoOHOoi Kpanii Ha
mopyi sIK HeMaeHimHo20, max i hepomacHimnoco enekmpooa npu Haniaénenui 3 oico TIJIMII.
Pospobnena pospaxynkoea memoouxa NponomyeEmMvcsi 00 BUKOPUCAHHA NPU  OY208OMY
HannasieHHi (36aprosanti) opomom nio ¢grocom 3 dieto kepyrouux IT[MII.

Knrwowuosi cnosea: 0yzose Hannaenenus, Opim, NO3008HCHE MAcHIMHe Noae, IHOYKYIA,
ghepomazHemuk, po3paxynKoea Memoouxa.

Razmyshlyaev A. D., Ahieieva M. V.

CALCULATION OF THE LONGITUDINAL MAGNETIC FIELD INDUCTION
AT ARC SURFACING

It is shown that currently available calculational methods, allowing to determine the
induction of longitudinal magnetic field (LMF) under the end of the welding electrode, which has
ferromagnetic properties, are of considerable complexity. The calculation procedure becomes even
more complicated, if not only the electrode, but also the product are made of ferromagnetic
materials. The available simple method for determining the induction of the LMF in this zone is
applicable only when using non-magnetic welding wires and products (plates). On the basis of the
experiments performed, it was found that if the electrode is a ferromagnet and the product is non-
magnetic, that the induction under the electrode end (wire Sv-08A with a diameter of 5 mm)
increases by 7 times compared with its values when the electrode is not a ferromagnet. If both the
electrode and the product are ferromagnets, then the LMF induction B, increases under the
electrode end 9 times. This is true when arc surfacing with wire Sv-08A (ferromagnetic) with
diameters of 3 and 4 mm with a distance from the electrode end to the product up to 10 mm. This is
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also true when using not only Sv-08A wire made of ferromagnetic material, but also for other wires
that are ferromagnetic, for example, Hn-30HGSA and Sv-08G2S, which are widely used for
welding and surfacing. It is shown that down from the electrode end to the product, the induction
decreases according to the previously established dependence., there is a good convergence of the
calculated and experimental data on the longitudinal component magnitude of the induction LMF
in the electrode drop area, i.e. at a distance of 2...3 mm from the electrode end. These data are
important for explaining the behavior of an electrode droplet at the end of both a nonmagnetic and
ferromagnetic electrode during surfacing with the LMF action. The developed calculation method
is proposed for use in submerged arc surfacing (welding) with wire under flux with the control
LMF action.

Keywords: arc surfacing, wire, longitudinal magnetic field, induction, ferromagnetic,
calculation method.

Peniensent: a-p TexH. Hayk, npod. Annunaxai A. A.
Cmamuws nocmynuna 10.02.2019 2.

YK 621.875
Caripos 10. T'., Cyrio60s B. B.

MOJAEJIOBAHHSA HABAHTAXKEHOCTI TA AHAJII3 HAIIPY/KEHO-
JE®OPMOBAHOI'O CTAHY KOJIOHHU IOPTAJIBHOI'O KPAHA «KOHOP»

Ymounenus memoodieé pospaxyHkie enemenmis NOpmaibHUX Kpauie Ha MiyHicmov, po3poodxa
HOBUX MemOoO0N02Il € BANCIUSUM HAYKOBO-MEXHIYHUM 3AB80AHHAM, DIULeHHs SKO20 00360]1UMb
niosuwumu Oe3nexy ekcniyamayii Kpawa 6 yiromy. Memow Oanoi pobomu € MoOeno8aHHsA
HABAHMACEHOCMI KOJIOHU NopmanvHo2o kpana «Kowoopy nio uac pobomu 3 3acmocy8aHHAM
memooy kinyesux enemenmie (MCE) ma ananiz ¢hakmuyunozo nanpysceHo-0e@popmosano2o cmamy
il enemenmis. O6'ekmom 00CNIOINHCEHHS € 3AKOHOMIPHICMb PO3NOOLNY HANPYHCEHbL 6 elleMeHmAax
KonoHu. Y cmammi 3anponoHo8ama MemoOoo2iss MOOeN08aAHHs Ma aHANI3Y HANPYHCEHO-
degpopmosarnozo cmany KoIOHU nopmanvHo2o Kpawy «Komoopy, ska rpynmyemuvca na memooax
PO3PAXYHKI8 HA MIYHICb 3a OONYCIMUMUMU HANPYHCEHHAMU MA MemOo0y CKIHUeHHUX eJleMeHmIs.

Po3spobneno pospaxynkosy cxemy, meepoominvbHo-0ehpopmosany Mmooeib ma BUKOHAHUL
po3paxyHok memooom ckinuennux enemenmie y CAD/CAE cucmemi. Hasedeno pezynomamu
po3paxyHkie ma ananizy. Ompumana 3aKOHOMIPHICMb PO3NOOINY HANPYICEHb 8 eleMEeHMAax KOIOHU
HAOYHO NOKA3AA, WO HANPYHCEHHS. PO3NOOLIEH] HEPIBHOMIPHO, HANPYHCEHO-0edhOpMOBAHULI CINAH
eleMeHmi8 KOJIOHU € O0CUMb CKIAOHUM i 8UMA2AE 000AMKOBUX OOCTIONCEHD.

Knrouoei cnosa: nopmanvuuii KpaH, KOJNOHA, MeMAIOKOHCMPYKYIs, onmumisayis,
npoOCMopo8a Mooelb, PO3PAXYHKOBA cXemMd, MemooO CKIHYEeHHUX eleMeHmi8, Kpumepii.

ITocTanoBka npodaemu.

Hecyui mMeTanokoHCTpyKuii MOPTaNbHUX KpPaHIB € JOCHUTh MAaCOEMHUMH 1 TaKHUMH, L0 Y
nepeBaXkHild OUTBIIOCTI, BU3HAYAIOTh KiHIEBY BapTicTh. [lig Wac mpoekTyBaHHs OaraTo yBaru
NPUIUIAETBCS PEXUMaM iX HaBaHTaXEHb 1 JOTPUMAHHIO BUMOI TO >KOPCTKOCTI, BTOMHIM 1
CTaTUYHIA MIMHOCTAX 1 iH. 3aCTOCYBaHHS ONTUMI3AIlifHOTO MiIXOAy 10 TPOCKTYBAaHHS came
HECYYHMX METAJIOKOHCTPYKLIN € HalOuibi epekTUBHUM [1], TOMY 1110 HaBITh HE3HAYHE 3HUIKECHHS
Baru J1a€ CyTTEBY EKOHOMIIO PECYpCIB, SIK MaTepialibHUX, TaK 1 TPYAOBHUX, 1 (iHAHCOBHUX.
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