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IoBbIlIeHHE YICKTPUUYECKON MOIIHOCTH 1yTrOBOU
CTAJICIIABUJILHOM MEYM 32 CHeT
KOMIICHCUPYIOIUX YCTPOUCTB

Hukonaes A.A., Kopuunos I'.Il., Anoxun B.B.
Marautoropckuii rocyJapCTBeHHbIN TexHudeckuid yuusepcureT uM. I'.11. Hocosa
r. Marnuroropck, Poccuiickast @enepanus
alexniko@inbox.ru, korn_mgn@mail.ru

Annomayua. B ctaTbe paccMOTpeHbI COCO0bI KOMIEHCALMH
PeaKTHBHON MOIIHOCTH AYTOBBIX CTAJIENJIABHIBHBIX Nedel Ma-
JIoOii M cBepxBbIcOKOIl MomHOcTH. IIpuBegeHbI OCHOBHBIE pe-
3yJAbTAThl HCHOIb30BAHHSI KOMIICHCHPYIOIEro yCTpOWcTBa Ha
npumepe JICII-10. Ilpenno:kena ¢opmya Ajasi omnpeaejeHUst
MOIIHOCTH KOHIEHCATOPHBIX 0aTapeii B coctaBe (puiabTpa 2-oii
rapmonuku. Iloka3zana BO3MOKHOCTH CHUKEHHSI MOTEPh aKTHUB-
HOW MouHOCcTH B djekTpuyeckoM koHtType [ICII 3a cuer u3me-
HEHHUS peskuMa padoThl THPUCTOPHO-pPeaKkTOopHOii rpynnbl. Pa3-
paboTaHa HOBasl cXeMa BKJIIOYEHHS] CTATHYECKOT0 THPUCTOPHOTO
KOMIIEHCATOPAa B CHCTeMe JJIeKTPOCHA0KEHUsI CBEePXMOLIHO¥
IYToBOi CTaJIeNIaBHIBHOI Meun. PaccMoTpen ycoBepineHCTBO-
BaHHbIH anroputm padorsl TPI', 3akiouaomuiicss B aBTOMaTH-
YeCKOM HM3MeHeHHH YCTABKH PeryJupoBaHHUs MO HANPSKeHHIO B
3aBHCHMOCTH OT peKHMa padoThbl Medd, KOTOPLIi MO3BoJsieT
MaKCHMAJILHO MOBBICHTH MomHocTh JICII.

O0saacTh NPUMEHEHHS] BONPOCOB, 3aTPOHYTHIX B HACTOSIIIEH
CTaTbe, OXBATbIBAeT TEXHOJOIHYeCKHe KOMILIEKChbl, B COCTaB
KOTOPBIX BXOJAT AYTrOBbIe MeYH MIMPOKOT0 JAHANA30HA MOIIHO-
creil. I3meHnenune cxembl BKI4eHuss komiiexkca “JICII-CTK”,
npeaioKeHHOEe B padoTe BO3MOKHO Ha TeX 00beKTax, Ije peak-
TOp M Ne4yHOoil TpaHcopMaTop SIBJISIIOTCA OTAEIbHBIMH YCTPOJi-
CTBAMH, M MeXKIy HHMH CYyIIeCTBYeT (u3myeckasi TOYKa s
MOAKJIIOYEHHs.

Kniouesvie cnosa: ¢GuibTpoKOMIEHCHPYIOLlee YCTPOICTBO,
Iyropasi CTaleIVIABUIbHASL IeYb, CTATHYECKHMIl THPHUCTOPHBIN
KOMIIEHCATOP, KOMIEHcaus PeaKTHBHOI MOIIHOCTH,
3JIeKTPUYeCKHe XapaKTePHCTUKHI AYTOBOii CTA/IeNJIABHIILHOI Meyn.

BBEJIEHUE

Hyroseie cranemnaBuibHble meun (JICIT), kak u3BecTHO,
OYEeHb KPUTHUYHBI K BEJIMYMHE MHUTAOLIETO HANPSDKEHHS, T10-
CKOJIBKY MOIIHOCTH JyTH MPONOPIHOHAIBHA KBAApPaTy 3TOrO
HanpspkeHus. [IpudrHON OTKIIOHEHUH U KOJIeOaHUi HampshKe-
HUS SBJISIIOTCA HAOpOCHI PEAKTUBHON MOIHOCTH, BBI3BAHHBIE
padoroit JICII. Kpome Toro, ayroBas meds, Kak IMPHEMHHUK C
HEJIMHEWHON XapaKTEpPUCTUKOM SIBISETCS. UCTOYHMKOM BBIC-
MIUX TapMOHMK, TO3TOMY Ul OOECHEUYEeHHUsS YCIOBHH 3JeK-
TPOMAarHUTHOH COBMECTHMOCTH C CETHIO M, B YACTHOCTH, IO~
JepXKaHUSA 33JaHHOM BEJMYMHBl IHTAIOIIETO HAIPKCHUS
MPEeyCMOTPEHa YCTAaHOBKA KOMITEHCUPYIONTUX yCTPOUCTB [1].
C y4eToM BBICIIMX FapMOHUK KOHAEHCATOPBI A KOMIIEHCa-
IIUM PEaKTHBHOW MOITHOCTH BKJIIOYAIOT B COCTaBe (PUIBTPOB.
CocraB GpmibTpoB Koaebiercs ot 3 1o 6.

BximoueHne KOHIEGHCATOPOB B COCTaBe (HUIBTPOB HE
yYMEHbIIaeT pa3Max OTKIOHEHWH W KoieOaHWi HarpshKeHUs,
HO TIEpEeBOJUT UX B IIOJIOKUTENbHYIO obmacTth. I[lomoGHOE
peuienue BronHe npuemneMo At mMansix JCII ¢ MomHOCTBIO
nevyHoro Tpanchopmaropa 6-10 MBA.

BbIBOP KOMITEHCUPYIOILEI'O YCTPOMCTBA JUJIS IVTOBOM
CTAJIEIIJIABUJIbHOM TEYM MAJIOM MOILIHOCTH

IIpu nocTaTOYHO BHICOKOM MOIIHOCTU KOPOTKOTO 3aMBbIKa-
HUS B TOYKe o0miero mpucoeanHeHus Ha mmHax 110-220 xB
OCHOBHEBIC TIOKA3aTeNN KaueCcTBa IIEKTPHICCKON dHEepTruu (He-
CHHYCOUJIAJIbHOCTh, HECUMMETpUS HaNpsDKeHHs, (QIiukep u
ap.) mra mansix JICII, xak mpaBuiio, He MPEBBINIAIOT JOIY-
CTHMBIX 3HAUCHHH, M U1 COXPAHCHUS MPOU3BOIUTEIHHOCTU
revy ObIBACT JOCTATOYHO YCTAHOBKH (DMIIBTPOB.

MOIIHOCTh KOHJICHCATOPOB BBHIOUPAETCS U3 YCIOBHS, YTO-
OBl TIpy HepaOoTaroIeil meYn HampspDKeHHEe Ha BBICOKOH CTO-

pone meuHoro Tpancdopmaropa He mpebimano 1,05-U, ., -

IIpu 3TOM cnenyeT y4MThIBaTh IIOBBILICHHE HAIIPSDKCHHUS HA
xoHzeHcaropax (U,g 1)) Ha OCHOBHOH yacrore:

Uso(1) = K1) "Ysou : )
V2
Koy = : 2)
o) V-1
Tak s unbTpa BTOpOi TAPMOHUKH V=2
2 2
v 2
K =——= =1,33;
w2 g2
Q) = K1) Qxo 3)
AU =29 100 <506 @)
K3
5 S )
<— —8 =37510“-S,,, 5
Qs =100 K (1) ‘“ ©)

rae v — mapamerp HacTpoiku puibtpa; Ky — koadduum-

CHT, y‘II/ITBIBaIOH.[I/Iﬁ TOBBIIICHUC HAIIPAKCHUSA HepBOI\/‘I rapMmo-
HUKJ Ha KOHACHCATOPAaX MO CPABHCHUIO C HATIPAKCHUEM CETHU;
S

HUS KOHJEHCcaTopoB, MBA.

[Mono6HOe pelieHHE YCHENIHO peaju30BaHO Ha CTaJleNd-
TEIfHOM 3aBojie, rAe paboTaeT NECATHTOHHAS IEYb C TpaHC-
dbopmaropom 10 MBA [2]. bnarogaps yctaHoBke (GpuibTpoB
MOIIHOCTBIO 6,3 MBAp 1OCTUrHYTO NOBBIIIEHUE HANPSKEHUSA
B pexxume paboTel meun mox TokoM Ha 3,4 % (¢ 9,98 no
10,32 kB) u yBesu4YeHUe MOLIHOCTH, BBOJUMOM B reub Ha 6 %
(c 6,48 MBT 110 6,87 MBT). CpenHee 3Hau€HHE HAIIPSHKEHUS C
ydetoM npoctoeB Bo3pocio ¢ 10,14 kB no 10,42 xB (puc. 1).

k3 — MOHIHOCTbH KOPOTKOI'O 3aMbIKaHHSA B TOYKEC IIOJKIIIOYC-
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Puc. 1. I'paduku u3MEeHEHUS IEHCTBYIOIIETO 3HAUEHHs JIMHEHHOTO HANPSDKEHHS
npu pabore JICII-10 6e3 OKII (a), npu ucnons3osanuu OKII 6,3 MBAp (6)

OIIPEJIEJIEHYE PALIMOHAJILHOI'O PEXXUMA PABOThI CTATUYEC-
KOI'O THPUCTOPHOI'O KOMITEHCATOPA B CUCTEME DJIEKTPO-
CHABXXEHUS CBEPXMOILHOM JIYTOBOI CTAJIEIUIABUJIBHOU

C LIEJIbIO CHWDKEHUS TTIOTEPL AKTUBHON MOIITHOCTU

Jost momiabIx u cBepxmotnHbeix JICIT ueTBepTOro mokose-
HUSI BOIIPOCHI JICKTPOMArHUTHOW COBMECTHMOCTH C IHTAaI0-
e CeThIO M CTAOMIN3AlMN HAMIPSKSHHS PEIIAIOTCS C TIOMO-
IIBI0 PETYIUPYEMBIX KOMIICHCUPYIOIINX YCTPOMUCTB, U3 KOTO-
PBIX HanOobliee NMPUMEHEHHE HAXOJSAT CTaTHYECKHE THPHU-
ctopasie komnencatopsl (CTK), cocrosimue u3 GuiabTpoB n
perynupyeMol HMHAYKTHBHOCTH — THPHCTOPHO-PEaKTOPHOMN
rpymmst (TPT) [3-7].

Amnanmu3s pabothl nefictByromux komiuiekcoB “JJCIT-CTK”
nokasay, 4ro ycranosieHHass momiHocth CTK nHa 20-30 %
NPEBBIIAET PACUETHYIO, HEOOXOIMMYIO ISl CTaOMIM3aLUH
HarpspxeHust ipu padote JACII. MccnenoBanus npoBOaMINCH
MyTeM UMHTAIIMOHHOTO MOJEIUPOBAHUS M OCIIIIIOrpadupo-
BaHus Ha mpommutomanake OAO “MMK” meun JICII-180 c
TUPUCTOPHBIM KOMIIEHCATOPOM, paccuMTaHHeIM Ha 180
MBAp, n ¢unerpamu 2-oif, 3-eii u 4-0if rapMOHHK, a TaKXKe
Ha 3aBoge 3A0 “MMK Metalurji” (Typerkas pecmy0Onuka),

rae ycraHoBieHa camas moiiHas B EBpone [ICII-250 co cra-
TUYECKUM TUPUCTOPHBIM KommeHcaropoM 330 MBAp u ns-
TBIO QUIBTpaMu (co 2-0i 1Mo 6-yI0 TapMOHUKH). V30BITOUHYIO
PEaKTUBHYIO MOIIHOCTD MCIOJIB3YIOT JUIS TIOKPHITHS ee iedu-
IIUTa B OOLIeH cucCTeMe BHYTPU3aBOJCKOTO 3JEKTPOCHabkKe-
Hus [8, 9].

B pexume renepanuy peakTUBHON MOIIHOCTY IIOBBIILIAET-
Csl HaNpsDKEHUE B TOYKE MOJKITIOUEHHS IEYHOT0 TpaHchopma-
topa U CTK, uto obecmeunBaeT BO3MOXKHOCTH YBEIHUYCHHUS
3NEeKTPUYECKONH MOIIHOCTH, BBOJMMOII B pabouee MpoCTpaH-
ctBo JICII. [IpumedarenbHO, UTO 32 CUET KOPPEKLUUHN YCTaBKU
HMIIEJJaHCa B CUCTEME YIPABIEHHUS dJIEKTPUUECKUM PEKUMOM
IIPU YBEJIWYEHUH HAINpPsHKEHUS BO3MOXKHO CHIDKEHHE TOKa
(puc. 2, a) u cyMMapHbIX aKTUBHBIX IOTeph B anemeHTax JCII
[10, 11]. Touka A cOOTBETCTBYyeT pabOTe C HOMHHAIBHBIM
HarnpspKeHHeM neyHoro tpaHcdopmaropa. Ilpu mepexozne Ha
KPHUBYIO C TOBBIIICHHBIM HAaNpPSHKEHWEM NPH CYIIECTBYIOIIEH
HacTpoiike cucremsl ynpasienuss ARCOS K, =-0,5 moxHO

MOTNacTh B TOUKY B, 9T0 COOTBETCTBYET YBETUUYCHHUIO MOIIIHO-
CTH M TOKa, a ,COOTBETCTBEHHO, W moTepb APpp =~ 300 BT,

Inekmpomexnuka: cemeaoil 31eKmMpoHHbLI Hayunlil scyphai. 2015. Tom 2, Ne3 4
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Puc. 2. Dnexrpuaeckne xapakrepuctuku JCII i pa3snudHbIX HAPSDKEHUH U HACTPOMKAX PEryIsTopa NMIeIaHCca

HO eclld NPUMEHHUTh ycTaBKy, cienaB K, =—15, To Bo3Mo-

JKEH TMepexo]] U3 TOUYKU A IO APYrod TPaeKTOpWUH — IO IIps-
Mol AC anst pa3HBIX YpOBHEH HaNpsKEHUs, T.€. YBEIUUCHUE
MOIITHOCTH COTIPOBOKIAETCSI YMEHBIIICHUEM TOKAa M CHHKCHH-
eM norepb. Tak mns JICII-180 moBwllieHHE HampspDKEHHUS Ha
5% obecneunBaer mpupoct mMomHOCTH ¢ 96 mo 105 MBT.
@parMeHT CyImecTBYIOMEH CHCTEMBI YIIPABICHUS JICKTpHYe-
ckuM pexxumoM ARCOS ¢ M3MEHSIONIMMCS apamMeTpoM
HacTpoiiku Ky mpuBezeH Ha puc. 2, 6.

AHanu3upysi cXeMbl COCAMHEHUIl MeYHOoro Tpanchopma-
TOpa M PeaKkTopa, a TakKe MX KOMIIOHOBKY, OTMETHM, 4TO B
HEKOTOPBIX o0Opasmax, Hampumep, Gupmel AREVA, sti nBa
3JIEMEHTa HaXOAATCS pa3AenbHO (He B ogHOM Oake). DTO 3Ha-
YHUT, UMEETCS BO3MOKHOCTH HECTAHAAPTHOTO ITOJKITIOYCHUS
CTK 3a peaktopom niednoro tTpanchopmaropa (puc. 3, 6).

380 xB 380 xB

TP

(=B

JICII-250
JICII-250

a o

Puc. 3. Cxemnl BimtoueHust komiuiekca “JACIT-CTK”:

a — xnaccuyeckas cxema; 0 — nepenoc CTK 3a peakTop
neynoro tpancpopmaropa (TP — cereBoii Tpancpopmarop, P —
peakTop nedHoro Tpanchopmaropa, I1T — neunoit
Tpancgopmarop, JCII — nyroas cranemaBuibHas neus, TPT
— TUPUCTOpPHO-peakTopHas rpynna, OKII —
(MITBTPOKOMITEHCHPYIOLIHE IIETIH)

TPT

B ornmuune ot 00bIYHOM cxeMbl (pHC. 3, @) B TaKOM BapH-
aHTC 3HAYUTENBHO PACIIMPSETCS AMAIa30H pEryIHpPOBAHUS
HalpsDKeHUsT TIEYHOT0 TpaHc(hOpMaTopa, U CO3/AA0TCS Tpel-
MOCBUIKM HE TOJbKO yBenuueHus: momHoctd ACII no 21,7 %,
HO U TUIABHOTO M JOCTATOYHO OBICTPOJCHCTBYIOIIETO €€ pery-
JIMPOBAHMS B YKa3aHHOM JIHaIia3oHe.

[IpuBenem A HATNSTHOCTH CTUIM30BAaHHBIE KPHUBBIC M3-
MEHEHHs HaIpPsHKEHUsT IEYHOTO TpaHC(HOpMaTopa OTHOCH-
TEJIEHO HOMUHAJIBHOTO AJISI TPEX CIy4yaeB:

- 0e3 IPUMEHEHHUs KOMIICHCUPYIOIIUX YCTPOUCTB (puc. 4, a),
- BKJIFOUEHHE KOHJICHCATOPOB B cOCTaBe (GUiIbTpoB (puc. 4, 6),
- Bkirouenne CTK 3a peakropom (puc. 4, 6)

TIpy U3MEHEHUH ToKa ayr |, (puc. 4, 2).

I'paduk wn3MeHeHHsS HaNpsDKEHUs, H300paKCHHBIA Ha
puc. 4, ¢, nmoctpupyet padory TPI' o ycoBepmieHCTBOBaH-
HOMY airoputMy. OH 3aK/I04aeTcss B aBTOMAaTHYECKOM H3Me-
HEHMU YCTAaBKHM PETYJIMPOBAHUS B 3aBUCHMOCTH OT peXHMa
paboTel nyroBoii neun. Kak BUAHO U3 MPECTaBICHHOTO HUXE
pucyHka (puc. 4, ¢), B mepuo sl TexHonorndecknx may3 CTK
HOJ/ICP’KUBAEeT B TOYKE IMOJAKIIOYCHUS HOMHHAJIBHOE HAIps-
KEHHUE, a BO BpeMs pabOoThl I€4H I0J] TOKOM ITO3BOJIAET IO-
BBIIIIATH €T0 10 3HAYCHWH, HE MPEBBIIIAIONINX MPEAEIbHO JI0-
ITyCTUMBIH YPOBEHb.

Hmke B Tabi1. mpeacraBieHbl OCHOBHBIE MOKa3aTenu pado-
1h1 KomIniekca JICII-250 u CTK-330 MBAp, xoTopbie ObLTH
HOJTY4YCHBI C IIOMOIIBI0 UMHTAIIMOHHON MOJAEIH B MPUIOKEHUH
Simulink matemaruueckoro nmakera Matlab. B oboux ciyuasx
peryaupoBaHue HampspkeHus 3a cueT TPIT BeimomiHsuiocs B TOY-
ke nogkmoueHust CTK. B mepBoii cxeme cTyneHb peakTopa
COOTBETCTBYET YCTAHOBJICHHOM Ha 3aBOJIE, a AJIs1 BTOPOM peak-
TOpP TOJHOCTBIO BBEJICH C LEJbI0 o0ecreyeHust OOIbIIero Mmo-
BBIIICHUS HampspkeHus B Touke moaxmodenuss CTK u coxpa-
HeHust Kod(duIeHTa peakTHBHON MOIIHOCTH Ha YPOBHE HOp-
MAaTHBHOTO 3HAYCHUs Ha BceM auana3oHe padouux tokoB JICIT
(or 0,5l pom M0 lypoy ). Iotepu B smementax CTK
(APcrr ) paccumTaHBI JUIS TIEPHOZA TEXHOJNOTMYECKUX IIays,
korga TPI™ pabGortaer ¢ makcumanbpHOH 3arpy3koil. CymMMapHbIe
norepu B 31eMenTax komiuiekca JJCII-CTK ( APy ) BbIpaxkens!

B MPOLEHTAaX OTHOCHUTENBbHO MakcumaiibHoW moinHocTH JCII,
JIOCTUTHYTOW B pacCMaTpUBa€MOM BapHaHTE.

dnekmpomexnuxa: cemesoil 31eKmpoHHblil nayunwlil scyphan. 2015. Tom 2, Ne3 5



Russian Internet Journal of Electrical Engineering. 2015. Vol. 2, no. 3

U, o.e

U HOM

Puc. 4. CtunuzoBaHHbIe KPUBbIE U3MCHEHUE HAIPSKCHUS
B TOYKE TOIKITIOUEHHUS TEYHOro Tpanchopmaropa (a-6)
u toka nyr JICII (2) Bo BpeMeHH

Tabmuma

OcHoBHble nioka3zarenu pabotsl kommuiekca JJCIT-CTK

1 jan) !

=¥ | Eg| Bg.:

oom

20 [ 2| ZEED e w| M | AR

g = V= m e B A [V 0

o = E o < & & 0 %

< 2 e=| BE §

U7 &) > T
Puc. 3, a 6 Uion 100,0 100,0 6,0
Puc.3,6 | 12 | 1,07-U,,, | 1217 | 1008 6,3

BBIBOJIBI

1. B cTaThe mpoaHaIM3upOBaHbl OCHOBHBIE PEIIEHUS U TO-
CIICZICTBHSL YCTAHOBKU PETYIHPYEMBIX U HEPETyITUPYEMbIX
KOMIICHCUPYIOIIUX YCTPOUCTB IS JYTOBBIX CTAJCIUIABHIb-
HBIX leuell pa3InYHOW MOIIHOCTH.

2. OTMEUYEHO MOJIOKHUTEIBHOE BIIUSHUE BKIIIOUEHUS! KOH-
JICHCATOPOB B COCTaBe (DMIIBTPOB Ha yYBEIUUCHHUE HATIPSKCHHS
u mouHoctu Maieix JICII.

3. Ilpu cymecTBEeHHOM 3arace YCTaHOBJICHHON MOIIHOCTH
CTK BO3MOXEH peXUM T€HEpaIllil PEaKTHBHON MOITHOCTH C
TOBBIIIIEHUEM HAMpPSDKCHUS B TOYKE TOIKIIOYCHHS MEYHOTO
Tpa"copmaTopa.

4. Bxmouerne CTK 3a peakTopoM CyIIECTBEHHO PacIIupsi-
€T IMarna3oH peryaupoBanus HanpsokeHus 1 MouHoctd JCIT.
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Increasing the Power of Electric Arc Furnace
Using Compensating Devices

Nikolaev A.A., Kornilov G.P., Anokhin V.V.
Nosov Magnitogorsk State Technical University
Magnitogorsk, Russian Federation
alexniko@inbox.ru, korn_mgn@mail.ru

Abstract. The article discusses methods of reactive power
compensation low and ultra-high power electric arc furnaces.
The results of using compensating device are shown by the exam-
ple of EAF-10. The formula is given to calculate the reactive
power of capacitor banks of the second harmonic filter. Also, the
operation mode of thyristor controlled reactor is considered
which reduce the EAF active power losses. Also, this article de-
scribes a new connection circuit of SVC at power supply system
of ultra-high power EAF and the advanced algorithm that max-
imizes the power of EAF.

The issues discussed in the article relate to units that include
EAFs of different capacities. The new connection circuit of unit
EAF-SVC can be used only when reactor and furnace transform-
er are separate devices.

Keywords: filter compensating device, electric arc furnace,
static var compensator, reactive power compensation, electrical
perfomance of electric arc furnace.
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Abstract. During induction heating technology designing and
forming the composition of needed equipment with required
characteristics it is necessary to have a adequate analysis of heat-
ing results. Existing methods of calculation are based on
engineering approach with great assumptions or by using
software packages which help you to analyze thermal processes
without regard to their interaction with the electrical energy
source. A method for the joint consideration of electromagnetic
processes in the source and temperature changing dynamic in the
heated object is proposed. For model creating of the energy
source transformer theory with an open magnetic circuit is used
wherein the inductor is a primary winding and the heated
product is considered as series of secondary windings
characterizing heated object layers which are obtained as result
of its decomposition for the desired depth. The thermal model of
the heated product is represented as a series of layers which
allows analyzing the distribution of temperature to the desired
depth. The combination of source and product models enables to
take into consideration their mutual influence and more
qualitatively consider the interested characteristics, as well as to
carry out the synthesis of the whole complex of induction heating
installation.

Keywords:  decomposition method, electromagnetic and
thermal processes, induction heating, layers heating, open-core
transformer theory, simulation.

INTRODUCTION

At present effective electric technology processes have the
leading role in the modern industry progress. One of them is
induction heating. Its advantages are based on an absence of
direct galvanic electric current contact with a product that
allows its using for smelting, welding and other technologies
with the need of heating metal in favorable for product
condition. At the same time, induction heating enables
reaching the target temperature in a rather broad range along
with consumed power reduction and improvement of
production ecological features. Besides, it is possible to heat
the exact parts of a product at a desired depth that is required
for obtaining needed qualitative parameters of ready products
[1]. In order to reach these advantages it is necessary to have a
theoretical base for induction heating process description with
needed accuracy and also create a control system to check and
adjust all the parameters for the achievement of better product
quality.

THEORY FOUNDATION
It is possible to divide induction heating process into three
parts:
- energy transmission from an inductor supplied by alternating
current of the certain frequency to a heated product by means
of electromagnetic field;

- temperature changing of a product desired area from initial to
required by technology;
-metallurgical changes in product.

Under induction heating current penetration to metal of the
product is not constant and changes according to an exponen-
tial function (Fig. 1) and can be defined by following equa-
tion:

: (€
Here I — current at a depth x from surface; I, — current on a
surfaces of a product; ¢p— penetration depth of current into the
product.
As it can be seen in Fig. 1 maximum current Im is on the
surfaces of the product and consequently its heating is more
intensive there.

Fig. 1. Current vs depth chart

The existing calculation methods are founded on current
penetration depth A as the layer of the product in which whole
current concentrates with even density. So it is accepted that
whole heating energy concentrated in this layer. However
sometimes it is important to know temperature changing at a
depth exceeding A or in the other cases to study heating process
at a less depth than the current penetration. Besides, sometimes
the calculation is needed not only to define the average power
and time of heating but in many cases of technological
processes it is more important the dynamic process of heating
and following cooling when the inductor is deenergized. In this
case it should be taken into account that during the heating
process characteristics of the product material such as
resistivity, heat capacity and heat conduction change in a very
wide range. So using averaged values of these parameters gives
low accuracy of calculation. Thereby development of correct
calculation methods of heating processes is an actual task.

DnekmpomexHuka: cemeegoii 3n1eKmponnslii nayunotil ycypuan. 2015. Tom 2, No3 8


mailto:kan@toe.ispu.ru

	Обложка.vsd
	Page-1


