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Po3rnsnyTro npuHmun aii, KOHCTPYKLiI0 Ta 0co0JMBOCTI mHpouecy NPOeKTyBaHHSA
eJeKTpOHarpiBaya piguHu IHAYKUiiiHOro THIY, 10 BiAPi3HAETHCH Bi iCHYIOUYMX NPHCTPOIB
AHAJIOTIYHOr0 TPH3HAYEHHS BHCOKUMHM PIiBHAMHM HAaIIHHOCTI Ta 3axXHMCTy Bil YpaKeHHA
eJeKTPHYHUM CTPYMOM, 100OPUMHU TEXHIK0-eKOHOMIYHUMU NMOKA3HUKAMHU.

Metow aociigkeHHs] 00paHO PO3PO0JEHHS METOAMKHM NPOEKTYBAHHA iHAYKIiHHOIrO
BOJOHArpiBaya OpUIriHAJBHOI KOHCTPYKUII Ta mnepeBipka aocToBipHOCTI Wi€l MeTOAMKH.
Metoau pocailkeHHs, sIKi 32CTOCOBYIOThCA AJISl JOCATHEHHS MOCTABJIEHOI MeTH, NMOEAHYIOTh
nepeBaru aHAJITHYHUX MiAXOAIB Ta YMCJIO0BOr0 CUMYJANIHHOr0O MoJenoBaHHA. Tak, NMpoeKT-
HMIi PO3PaxXyHOK Ta aHAJI3 TEXHIYHNX MOKA3HUKIB 3/1iliCHEHO Ha MiACTaBi KJIACHYHOI eJIeKTPO-
TeXHIKM Ta Teopii eJJeKTPUYHUX MAIINH 3MIHHOTO CTPYMY, 4 YTOYHEHHS NMPOEKTHUX pillleHb,
NOB’ I3aHMX i3 MepediroM eJ1eKTPOMAarHiTHUX NMPoLECiB — 32 METO/I0M CKiHYEHHHUX eJIeMEeHTIB.

Po3poOiennii anaroputM mNpOeKTYBAHHA MIiCTHTh eTalm CHHTe3Y KOHCTPYKWii Ta
MaTeMAaTHYHY MOJeJIb AJ8 PO3PAXyHKY IMHAMIYHHMX eJ1eKTPOMArHiTHUX NMpoueciB y HarpiBaui.
Bona BpaxoBye N1BOBUMIpPHHUII TPOCTOPOBMI PO3MOIiJI MATHITHOTO MO, HACHYEHHS MarHiTo-
NMPOBOJY Ta BTPATH Bill BUXPOBUX CTPYMIB Y HbOMY, e()eKT BUTICHEHHSI CTPYMY B HaArpiBaJib-
HoMmy ejieMeHTi. Ll Moaenb IpyHTyeThbcs Ha piBHAIHHAX MakcBesa y KBasdicTalioHapHOMY
HA0JMoKeHHi, a TaKO0K MICTUTh HU3KY CHiBBiIHOILIEHb, 10 OB A3YIOTh MiXK C000I0 KOJIOBi
(inTerpanbui) Ta moawoBi (posmomizeni) mokasHuku. Ii MokHAa BizHecTH 10 KJacy
KOJIONO0JIbOBUX 200 KOMOIHOBAaHMX MO/IeJIeH.
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CrarTd MIiCTUTH ONUC KOHCTPYKLili Ta NPUKJIAA PO3PaxyHKy IHAyKUiliHOro BOJO-
HarpiBauya mnoryxHictio 4,8 kBTt, koedinienT Bimmaui sikoro mepeBumye 95%. IlopiBHsiHo
pPe3yJabTaTH PO3PAXYHKY HOMIHAJIbHUX NOKAa3HMKIB IbOIr0 HArpiBaya, OTpuMMaHi 3 BHKO-
PHUCTAHHAM aHATITHYHHUX MeToaiB Ta FEM -ananisy.

IIpoBeaenni nochaifskeHHsl 1al0Th NMPaBO CTBEPAKYBATH, 10 3aCTOCYBAHHSI MPONO-
HOBAHOI METOAUKHU MPOEKTYBAHHSl TapaHTy€ BIANMOBIIHICTH NMPOEKTY BHMOIaM TeXHiYHOIO
3aBJaHHA i He MOTpedyBaTHMe BUKOHAHHSA I0POTrOBAPTICHUX eTaNiB BUTOTOBJIEHHA (Pi3UYHUX
MAaKeTiB Ta NPOBeJeHHS iX eKCIIepPMMEHTAJbLHIX BUNIPOOYBaHb.

Knrouoei cnosa:. indykyiiinuii éooonazpisay, enekmpounazpieay piounu, mpancghopmamop 3
KOPOMKO3AMKHEHUM GUMKOM, noeepxHesuil epekm, euxposi cmpymu, FEM-ananis.

Beryn
HarpiBanus pinuH, mepemyciM BOAM — TIPOLEC, SIKWM TONIMPEHWH Yy IPOMECIOBOCTI Ta YKUTIIOBO-
KOMYHAJILHOMY TOCTIOAIapCTBi. BUKOHAHHSI HOT0 3 BUKOPUCTAHHSM €JIEKTPOHArPiBALHUX TIPUCTPOIB Y Oaratbox
BUIajKax Mae Oessarepedni Buroau [1]. e miarBepmkyeThest naHuMu [2], sIKi TaKOX CBiTYaTh, IO B PI3HUX
kpainax cBity Bix 10 % g0 40 % crioxuBaHOl eNekTpoeHeprii B HEMPOMUCIIOBOMY CEKTOpI BUTPAYA€THCSI caMe Ha
HarpiBaHHsI BOJIH, a 3 MOIJISTy OXOPOHH JIOBKLIIS T4 €KOJIOTTYHOT OE3MeKH 1eH CIioci0 1103a KOHKYPEHITIETO.

AHAaJI3 0CTaHHIX TOCTiIKeHD

Cepen Bci€el raMu eeKTPOHArPIBAIBHUX MPUCTPOIB 1HAYKIi#HI BogoHarpiBadi (IBH) mMaroTh HH3KY
nepeBar MopiBHAHO 3 TPAAUIIHHUMHU, HATPUKIIA, TpyOUacTHMH enekTpoHarpiBadamu a6o TEH-amu [3], a
came:

®  BHCOKHIA piBeHb 3aXHCTY BiJl ypaKEHHS ENEKTPUIHUM CTPYMOM;

® [IEPCBUIICHHS TEMIIEPaTypH HArpiBallbHOrO CIEMEHTY TEeMIIepaTypH PIJUHH € MOPIBHIHO

HesnaunuM (< 20-30 °C) [4], 1m0 npakTHYHO BUKIFOYAE MOYKIIMBICTh BUHUKHEHHS TTOXKEKI;

e  HeBHMOArNIMBICTH 0 BUIY TEIIOHOCIA (Boja, aHTH(PHU3, OJIMBA Ta iH.);

®  TIOPIBHSAHO MEHIIIA CXMJIBHICTD /IO YTBOPEHHS HAKHUITY;

® BHCOKI TEXHIKO-eKOHOMIYHiI moka3HukH (koedirieHT motyxkHocti >0,97; koedilieHT KOpUCHOT

nii >0,98) [5];

Buieszasnadeni BiactuBocTi Ta nepeBard IBH 3yMOBIIOIOTE aKTyalIbHICTh JJOCHIPKEHb B HAMpsiMax
MOIIYKY HOBHX Ta YJOCKOHAJICHHS ICHYFOUMX KOHCTPYKI[ii TaKUX HArpiBadiB, CTBOPEHHS HOBHUX METOIIB
IX IPOEKTYBAaHHS.

CrorozHi Haimomupeninow € koHcTpykiis IBH TpancdopmaTopHoro Tumy, B SKOMY BTOPHHHA
00MOTKa MpeNCTaBise COOOK MOBOJNI CKIIATHY CHCTEMY TPYO, BHTOTOBJICHHUX 3 €ICKTPOIPOBITHOIO
Mmarepiay, B CepeliHi KX 3HaXOIUThCS TerioHociit (puc. 1).

Taxuit Tun IBH, Ha Hamy aymMKy, Ma€ HU3KY HEJIOJIKiB, 30KpeMa 1morpeba y 3BapHUX CHONYUYCHHSX,
yepes SAKi MPOXOJAUTUME CTPYM 3HauHOI BennyuHH. Li 3’ €JHaHHS MOBHHHI 3a0€3M1e4yBaTH T€PMETHYHICTh
CHCTEMH, JI0 TOTO K € TIOCTIHHO HABaHTAXXCHUMHU SK B MEXaHIYHOMY, TakK i B TEIMJIOBOMY acriekTax. Jlorpu-
MaHHS BUMOT JI0 SIKOCTI IMX 3’ €HaHb MOTPeOy€e BUKOPUCTAHHS BIAMOBIIHOrO 00NaTHAHHS, MaTEepialliB Ta
KBaTi(DiIKOBAHOTO MEPCOHAIY.

HarpiBau, 3ampomonoBaumii y [7], KpiM KOHCTPYKIIIMHHX OCOONMBOCTEH, TAaKUX K HAasSIBHICThH
HarpiBaJIbHUX €JIEMEHTIB JJBOX THUIIIB, OJINH 3 SIKUX KepaMidHUH, 3aco0iB a1 popMyBaHHS TypOYJIEHTHOCTI
MOTOKY TEIUIOHOCIS TOIO, TTOTpedye 3aCTOCYBaHHS CIElialbHUX MaTepialiB, HAPUKIAJ, CTPyMOIIPOBi-
HOi Kepamikd, (PTOpOMICTKHX TuTacTHKIB. Bei mi obctaBuHM, Oe33amepedHo, HE CIPHATHMYThH 37ElIeB-
JIEHHIO MOr0 BUTOTOBJICHHS.

MeToau aocaiTKeHHs
Meroau IOCTIIKEHHs, SKI 3aCTOCOBYIOTH JUIsl PO3B’s3aHHs 3ajJad CHHTE3y Ta aHajli3y MOMIOHHX
MPUCTPOIB, BBAXKAIOTh TPATUIIMHUMHU JUI €ICKTPOMEXaHIKU. AHAIITHYHI MiAXOIH BUKOPUCTOBYIOTh IS
po3pobnenns konctpykiii IBH ta ananisy ii Texniuaux nokasuukis [4], FEM-ananiz — mis yrouneHHs
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MPOEKTHUX PIllIeHb, TIOB'SI3aHUX 3 MepediroM eneKkTpo-
MarHiTHHX Ta TEIUIOBHX mpotiecis [8], i, Haperuri, ¢izny-
Hi, EKCIIEPUMEHTAJIbHI JOCTIIKEHHS 3aCTOCOBYIOTh IS
oCTaTouHOi Bepudikaimii BHKOPUCTAHUX METOJHMK Ta
MEPEBIPKH MPaIe3aaTHOCTI MPOoeKTy 3araiom [9)].

Oco0,IMBOCTi METOAUKHU MPOEKTYBAHHS

3anponoHoBana koHCTpyKuisi IBH BiapizuseTbes
CBOEIO TIPOCTOTOIO 1 HafiiHicTIO. [Iporec mepeTBopeHHs
eHeprii BiOyBa€eTbcss B TpaHchOpPMATOpi, B SKOMY
MepBUHHA OOMOTKa MiJKIIIOYEHA JIO JDKEpeNa HampyrH
MIPOMMCIIOBOI YacTOTH, a BTOPUHHA € KOPOTKO3aMKHE- Puc. 1. Inoyxkyitinuii 6o0onacpisay
oo (k.3.). Il oOMOTKa sIBIIsiE COOOK ITOPOKHHCTHIA mpancgopmamopnozo muny (sanosuuene 3 [6])
BUTOK, BUTOTOBJICHUH 3 MaTepially 3 MiJIBUIICHUM 3Ha-

YEHHSIM MUTOMOTO ENEeKTPUYHOr0 Omopy. EjekTpuuHi BTpaTH, sKi BUAULIIOTECS B TAKOMY K.3. BHTKY,
Oe3rocepeIHbO HATPiBalOTh PIIMHY, 110 MUPKYIIOE B HOro BHYTPIIIHEOMY 00’ €Mi.

[Tycrotn Mix ocepasM TpaHchopmaropa, BUTKAMHU IEPBUHHOI OOMOTKH Ta K.3. BATKOM 3aIllOBHEHI
TEIUTONPOBIAHUM KOMITAyHJIOM, 10 3MEHIITyBaTUME TeIUIoNepena MK akTHBHUMH YaCTHHAMHM HarpiBava.
330BHI BeCh MPUCTPIi TEII0I30Jb0BaHUI BT JOBKIULIA.

3aranpHUA BUTIS Ta BHYTpimmHIO OynoBy IBH 300pakeno Ha puc. 2.

MeTo010 POITOHOBAHOTO JOCIIKEHHS €:

® pO3poONieHHS MeTOAMKHM TpoekTyBanHs I[BH

3aIpPOIIOHOBAHOT KOHCTPYKIIIT,

®  [epeBipKa JIOCTOBIPHOCTI IIi€1 METOIUKH.

[Ipouec mpoekrtyBanHs IBH, mepeBakHO, MOBTO-
pIOE TIPOEKTYBaHHS TpaHCPOPMATOpa, OIHAK MAE HU3KY
0COOJIMBOCTEH, 3YMOBJIEHMX MOro KOHCTPYKII€IO Ta
PEXUMOM pOOOTH. MeTa TpOEKTYBaHHS TOJATATAME Yy
CTBOPEHHI TpaHchopMaTopa, SAKUH Iepeadadae JOBrO-
TpHBaly poOOTYy B PEeXHMI K.3. Ta MaTHME MPHHHATHI
TEXHIKO-CKOHOMIUHI TIOKa3HUKH 3 YpaxyBaHHSIM IIpaK-
THYHO TIOBHOI HOro Temnoisomiuii 3 NOBKULIAM. i Puc. 2. 3acansnuii suzind sodonazpisaua
BHMOT'H BHOCSTH 3MIHH Y MiJXOAX 10 BHOOPY €IneKTpo-

MarHiTHUX HaBaHTa)XEHb Ta MaTepialiB, 0 BU3HAYCHHs pO3MIpPiB BTOPHHHOI OOMOTKH Ta 11 iHIYKTUBHOT'O
OIIOpY PO3CIIOBaHH, JI0 CIIOCO0Y PO3PaxXyHKY BTPAT Y BTOPUHHOMY KOJII.

Tak, Ha MOYaTKy eramy BHU3HAYEHHsSI PO3MIPIB OCEpAsl MarHiTONPOBOIY MPOIMOHYEMO JOMYCTHMY
BEIIMYMHY MATHITHOI I1HAYKIII B HBOMY 3aHM3HTH NpPUHAWMHI BIBI4i IOPIBHSHO 3 TpaJUIiiHIMH
PEKOMEH JallisiMi Ta BUOMpaTH ioro 3 mianazony 0,55+0,75 Ti.

Bropunny obmorky takoro IBH pekomeHqyeMO BHKOHYBAaTH 3 €IEKTPONPOBITHOIO Marepiany 3
MiIBUIICHUM MUTOMUM EIEKTPUYHHM OITOPOM.

Jnst HaONYDKEHOTo OIIHIOBaHHS BEIMYMHMA aKTHBHOTO OIMOPY BTOPHMHHOI OOMOTKH, 10 3abe3rme-
qyBaTHME 33/IaHUI PiBEHb BTPAT €HEPTii B Hil, MPONOHYEMO BUKOPHUCTATH BUPa3

U
Ry ~ —= @)

ne U1, W — Hampyra >KUBJICHHS Ta KUIBKICTh BHUTKIB IEpPBMHHOI OOMOTKM TpaHcdopmaropa; P —

aKTHBHA MOTY)KHICTh €IEKTPUYHUX BTPAT Y BTOPUHHIM 00MOTIII (€ 3a1aHOI0 BETUYHHOIO).
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ITicna Bu3HaueHHd Ry, 3a7ar04KCh TOBIIMHOIO CTIHKH IOPOXXHHUCTOTO BUTKA BTOPHMHHOI OOMOTKH
te Ta Horo Bucororo hp (3 KOHCTPYKUIHUX MipKyBaHb), MOXKHA JIETKO 3HAWTH CEPEIHIO TOBXKUHY BHTKA
l\2, IUIOIly HOBHOIO MOMEPEYHOro mepepisy (o Ta IIMPHHY Cp BHTKAa 3a TaKOK CYKYIHICTIO

CIIIBBIAHOIIIEHD
w2 = 2(a+ b+ 71'(5\,\/_]_ +C1+ 02+ 0,502));

|
CI2=2(02+h2—2ts)ts? CZZPmZWZW2 —hp + 2,

ne a, b —po3mipu neHTpagpHOro cTprkHs Tpancdopmaropa (puc. 3); Wo — KUIBKICTh BUTKIB BTOPHHHOT

(2

oomoTku (Wp =1); P2 — NIUTOMUI eIEKTPHUYHHUIL OIip MaTepiany BTOPUHHOI 0OMOTKH; Oy, Ow12, C —
po3MipH, 3po3ymiii 3 (puc. 3)
Jis po3paxyHKy 1HIYKTHBHOT'O OIOPY KOpPOT-
KOT'0 3aMHKaHHS TaKOro TpaHc(opMaropa MponoHyeE-
MO BUKOPHCTATH (HOPMYJTY

3 4-10_6 f-0q2Uq
echll

ne 6, — EPC, mo npunanae Ha OOuH BUTOK TpaHC-

Xz (Wilwal1 +Walwpl2), (3)

dopmaropa; f — wacrora Hanpyru >KuBIEHHS, |1,
l> — cTpymMu mepBUHHOI Ta BTOPUHHOI OOMOTOK,
BigmoBigHo; ly1, lw2, lg — cepemni moBXHHH

Puc. 3. [Jo éusnauenns posmipie 6mopunnoi 00MOmMKU g IIEPBUHHOI Ta BTOPHHHOT 0GMOTOK # CHIIOBOT

NMiHii TONsS PO3CIIOBaHHS B CTPWXKHI Ta ApMi

. . . G +Co . .
TpaHchOpMaTOpa, BIANOBIAHO; 8g12 = 5M+T — 3BE/ICHAa BEJIMYMHA MPOMIKKY MK OOMOTKaMHu

JUTSL IOTOKY PO3CIFOBaHHS.
Po3paxyHOK mapaMerpiB 3aCTYIIHOI CXEMHU 3 IMOCJIJOBHMM KOHTYPOM HaMarHiuyBaHHs J03BOJIUTH

BHU3HAYHTH PEIITY POKUMHHX BEIHYMH TpaHcpopmaTopa. [lozHaumMo MOBHI omopu TpaHcdopmaTopa
tpamumiiino  Zy =R+ jX51; Zm=Rm+ iXm: Z2=Ro+jXg2, me Xg1=Xg2=05X,. Tomi

CIIOKMBaHa 1 KOPUCHA MOTYXHICTh TpaHchopMmaropa Ta Horo KoeQillieHT KOPUCHOI [iil BU3HAYATHMEThCS

AK
o (. 75 a2
R =|i1"Re 23+ —=M=2_ | Pz=‘|2‘ R n=%, 4
Jc
iq= Ul(ZerZz) cpb_Ui-zalh ) o6
1= —; lp=—=—""= —CIpymu nepBUHHOI i 3BeIICHOI BTOPUHHOI OOMOTOK.

lem + 2122 + ZmZZ Zz

FEM-mopens HarpiBaua Ta nopiBHAHHSA pe3yJIbTaTiB
3 MEeTO0 MepeBipKH 3aIPOINOHOBAHOT METOIMKY TIEpBUHHOTO poekTyBanHs IBH Ta mis yrodHeHHs
HOro MPOEKTHUX TapaMeTpiB MoOyJ0BAaHO MaTEeMAaTHYHY MOJENb Ui PO3PAXyHKY NTUHAMIYHHUX PEKHMIB
Tpanchopmaropa 3 K.3 BUTKOM. MoJiellb BpaxoBye IBOBUMIPHHIA TIPOCTOPOBHUIT PO3IMO/ILIT MAarHITHOTO OIS,

HACHYCHHS MAarHiTONPOBOAY, BTPaTH BiJl BUXPOBUX CTPYMIB B ocepli, €peKT BUTICHEHHS CTPyMy Y
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BTOPUHHOMY Koui. LI Mozenb rpyHTyeThCs Ha PiBHAHHAX MakcBeiia y KBa3icTalioHapHOMY HaOJIMKEeHH,
a TAKOXX MICTUTh HU3KY CIIBBIJHOIICHb, IO TOB’A3yHOTh MDK COOOI KOJIOBI (iHTErpajbHi) Ta MOJIBOBI
(posmomineni) MOKa3HUKH. Ii MorkHa BigHECTH /10 KJIaCy KOJIOIOJIbOBHX a00 KOMOIHOBaHUX MOJICIICH.

Bu3HavaapbHUM PIBHAHHSM Ii€T MOJEI €

VzﬂchU +c% , (5)

ne 'V — mudepeHiiiinuii onepatop ['aMiIbTOHA, AJ1 AEKaPTOBOI CUCTEMH KOOPJIMHAT BiH HAOyBa€e BHUIY

V=i—+ j—+Kk—; A —Bekropuuii Maraitauit morenmiana, U — CKaIApHUIN eJeKTPUYHHM ITOTEHINIAT,
ox "oy oz
G — MaTpHIls MIUTOMOI €JICKTPUYHOI IIPOBIJHOCTI CepPeIOBHUIIIA.

ITose BekTOpa IyCTHHU CTPYMY BU3HAYa€THCSA 3a (HOPMYIIO0

J=0|-VU _6_A : (6)
ot
PiBHsIHHS eNeKTpUYHOT piBHOBArd (irypyroTh y KOJIOBOMY BUTJISIII
%+ Ri,—u, =0; d(;’:z +RI, =0, -
V= fl[il7 iz]; W, = fz[ilv iz]v
Ie Y1, Yo — INOBHI IOTOKO3YEIUIEHHS IEPBHHHOI Ta BTOPUHHOI OOMOTOK, BiAmoBinHO. Bouu

3HaXOAATHCSI Oe3MOcCepeHiM IHTErpyBaHHSIM IOJs IHAYKIiH a00 BEKTOPHOTO MOTEHIiaTy, 0OMEKEHOro

ILJIOIICIO MTEPETHHY BiIMOBIIHOT OOMOTKH,

J J o J M
V1(2) = _ZlV\ﬁ_(z) iPj = b Zlvw_(z) j I Bndl =b zlvw_(z)J ZJ(-meCOSOCm + Bymsinam)AIm, ()]
I= I= | I= m=

ne B, N — BekTop MarHiTHOI iHAYKIi Ta OAMHUYHHUNA BEKTOp (OPT) HOpMai 0 eIeMEHTApHOI TUISTHKH

d , BigmosimHO; Wi(2) j » 0] i - KUIBKICTh BUTKIB BiANOBIAHOI OOMOTKH, IO HAJEKUTH O0JACTI

IHTErpyBaHHS Ta MArHiTHHH TIOTIK, II0 3YCIUIFOEThCs 3 Mi€to obmactio; j=1,J — KimbKicTh oOiacTeit
inTerpyBanHs; Bym, Bym — mpoekuii Bekropa B Ha 0Ci KOOPAMHATHOI CHCTEMU B OKOII JUISHKH

inTerpyBanHs Aly,; oy — KyT HaXWiIy HOpMaidi N 10 J0JaTHOTO HampsiMy oci X CHCTEMH KOOpAWHAT,

M=1M — KiIbKICTh IUISIHOK IHTErPyBaHHS;

[ToTOKO3YEIUTCHHS BBAKAIOTh TOJATHHUM, SIKIIO 3HAK CKAIAPHOro no0yTky BN nonaThwmii i Hanpsm
HopMali N 30iraeTbes 3 JOJATHUM HAMPSIMOM MarHiTHOTO IOTOKY.

3B’S30K MDK CTpyMamH i1, Ip Ta BIINOBIIHUMH BEKTOPAaMH TYCTHH CTPYMIB BCTAQHOBIICHO

(dhopmy010

; £ S[e] £
i12) = [3dS=[[ I [x, yldxdy = >,
S S k=1

9)

ne e=1E — morounuii Homep ckinuenHoro enementy (CE); k=1,K — morounuit Homep By3na CE;

S[e] —miomia CE 3 Homepom [€] ; ‘][zli] — BY3JIOBE 3HAUYCHHS Z -TIPOEKIIil BEKTOpa T'yCTHHU CTPYMY.
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Matoun moje BEKTOpa TYCTHHH CTPyMYy, BTPaTH TIOTY>KHOCTI B CTPYMONPOBIIHUX 00IacTsX
TpaHcopMaTopa 3HAXOAUMO SIK

S[b

Poc =0 bf[3[dS =07 z|Jk| (10)
S e=1

ne dS —molna ejxeMeHTapHol 00JI1acTi; S[e]b —00'em € -ro CE moriero S[e] Ta JOBXKHUHOIO D .

Po3pobiieny Mozens 3acTOCOBaHO Ul PO3pPaxyHKy HOMIHAJIBHOTO pexxumy TpaHcdopmatopa IBH.
Posmipu #ioro ocepast 280x175%85 mm. Ocep/ist BATOTOBIIGHO 3 €IEKTPOTEXHIYHOI cTalli Mapku Tuiy 2411
I'OCT 21427.2-83. [lepBuHHa 00MOTKAa BHKOHAaHA 3 MIJIHOrO MHpoBiaHKMKa po3Mmipamu 1,6x50 MM i mae
180 ButkiB, BTOoprHHA — 3 HepskaBiiiHoi cram AlS| 304.

PiBeHb quckpeTH3allii po3paxyHKoBOI 00J1acTi 300pakeHo Ha puc. 4.

Puc. 1. Pospaxyuxoea obnacmo

Pesynbrati OOUYMCIEHDb Yy BUTJISNI PAcTpPOBHX 300pa)keHb OIS BEKTOpa MATHITHOI 1HIYKIIl JUIst
MomeHTy yacy t = 0.073 ¢, Bix moyaTKy mepexiJHoOro npoIecy, Moka3aHo Ha puc. 2, d, a pO3MOALT MOIYJIsA
BEKTOpa I'YCTHHHU CTPyMY — Ha pHC. 2, 6.

Y Tabuuili MOPIBHAHO PO3PaxyHKOBI 3HAYECHHS HOMIiHAAbHMX IOKa3HuKiB IBH, oTpuManux Ha
mizicTaBi  po3po0IeHO] METOMMKH TIEPBHHHOTO TPOCKTYBaHHS Ta 3 BHUKOPHCTAHHSIM BHINE3TaJaHOl
MaTeMaTH4YHOI MOJIEII.

YacoBi 3aJIe)KHOCTI HAIPYTH, CTPYMIB Ta IOTY>KHOCTEH TOKa3aHo Ha puc. 3.

Puc. 2. I[Ipocmoposuii po3nooin Mummesux 3Ha4eHb.

a — MOOYJIsL 6eKMOPA MASHIMHOL IHOYKYIT; 6 — MOOY/IsL 6eKMOpa 2yCMuKU CMpymy
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IopiBHAHHA HOMiHAJBLHNX Moka3HuKkiB IBH

Ha3sBa noka3nuka AHaTiTHYHA METOAMKA FEM-anamni3 Po36ixHicTh, %

HaIpyra >KuBJIeHHs, B 230

yacrtora HarpyrH, [ 50

ITOBHA CIIO)KMBaHA MOTY)KHICTh, BA 4946 5261 59
KOe(]iIiEHT MOTY>KHOCTI 0,988 0,972 1,6
CTPYM IIEpBUHHOI OOMOTKH, A 21,50 23,23 7,4
CTPYM BTOPHHHOI OOMOTKH, A 3847 3852 0,13
KOpHCHA aKTUBHA MOTYKHICTh, BT 4759 4884 2,6
KOe(iIliEHT KOPUCHOT [ii 0,974 0,955 2,0

Puc. 3. 3anescrnocmi 6io wt nanpyeu srcuenenns, cmpymie ma nomysxCchocmet

BuchHoeku

3acToCOBYIOUM MPUHIMI 0E3M0CEepPEIHBOT0 HATPIBaHHS PIMHHA BTPAaTaMH MOTYXHOCT1 Y BTOPUHHIH
oboMorIli TpaHchopmaropa, BAaiocs CTBOPUTH BucokoHamivuuii IBH. MoiuMBICTH HOro aBTOHOMHOI
poOOTH, TPAaKTUYHO IOBHA BiJCYTHICTh MOTPEOM Yy MEPIOJUYHOMY TEXHIYHOMY OOCITYrOBYBaHHI Ta
HEBHCOKa BapTICTh BUTOTOBIICHHSI POOHUTH TAKH HArpiBad KOHKYPEHTHOCITPOMOKHUM JIJIs 3aCTOCYBaHHS B
CKJIaJIl CHCTEM OTaJICHHS Ta Tapsvaoro BOJOMOCTaYaHHs.

3anpornoHoBaHi CHOCOOM PO3paxyHKy IapaMeTpiB 3acTylmHOI CXEMH Jajd 3MOTY CTBOPUTH
aJIeKBaTHY METOJUKY IIEPBUHHOIO MPOEKTYBaHHs 3arpornoHoBaHoro IBH.

CrBopeHa ToNIbOBa MOJIENb I[LOTO HAarpiBada BPaXOBY€ HAWBAaXKITUBIIII YAHHUKH, 10 BU3HAYAIBEHO
BILTMBAIOTh Ha mepedir mpomeciB y IBH y B3aeMo3B's3Ky, a caMe: IBOBUMIPHHM MPOCTOPOBHIA PO3MOALT
MAarHiTHOTO TOJIs, HACHYEHHS MarHiTONpoBOy, eheKT BUTICHEHHS CTPYMY Yy BTOPUHHOMY KOJIi Ta BTpaTH
B ocepi TpaHcdopmaropa.

3acrocyBaHHsT po3poOieHoi Meroaukd mpoektyBanHs IBH rapaHTye BiIIOBIAHICTH NPOEKTY
BHMOT'aM TEXHIYHOTO 3aBAaHHS ¥ HE MOTpeOyBaTHME BUKOHAHHS JOPOTOBAPTICHUX €TAIliB BUTOTOBIICHHS
(I3UYHMX MaKeTiB Ta MPOBEICHHS iX eKCIIepUMEHTAILHUX BUTIPOOYBaHb.
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SPECIFICS DESIGNING INDUCTION WATER HEATER
© Makarchuk O., Krokhmalnyi B., Haiduk V., 2020

The principle of action is being considered, design and features of the design process of the
electric heater of theinduction type fluid, which differs from the existing devices of similar purpose with
high levels of reliability and protection against electric shock, good technical and economic indicators
are considered.

The research methodology has developed a technique for designing an induction water heater of
the original design and to check the accuracy of these methods. The research methods used to achieve
this goal combine the advantages of analytical approaches and numerical simulation. Therefore, the
design calculation and analysis of technical indicators are based on classical eectrical engineering and
theory of electric machines AC, and the refinement of design decisions related to the course of
el ectr omagnetic processes - using the finite element method.

The design algorithm developed includes a design synthesis step and a mathematical model for
the calculation of dynamic electromagnetic processes in a heater. It takes into account the two-
dimensional spatial distribution of the magnetic field, the saturation of the magnetic circuit and the loss
from eddy currents in it, the effect of displacement of current in the heating element. This model is
based on the Maxwell equations in a quasi-stationary approximation, and also contains a series of
correlationsthat relate circular (integral) and field (distributed) indices. It can be attributed to the class
of circle-field or combined models.

The article describes the design and an example of calculating an induction water heater with a
power of 4.8 kW, the efficiency of which exceeds 95 %. The results of the calculation of the nominal
values of this heater obtained using analytical methods and FEM analysis are compar ed.

The conducted researches give the right to state that the application of the proposed design
methodology guarantees the compliance of the project with the requirements of the technical
specification and will not require the implementation of costly stages of the manufacture of physical
modelsand their experimental testing.

Keywords: induction water heater, fluid heater, transformer with short circuit, surface effect, eddy
currents, FEM analysis.
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