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EJEKTPOIIPUBO/J] OBEPTAHHSA KOJIICHOI ITAPH JIJIA
IHAYKIOIMHOT'O HAT'PIBY PEBOPJI

Posensadaemocs 3a0aua cmabinizayii wieuokocmi obepmants KOAICHOL napu 015 pieHOMIPHO20
Haepisy pebopo. Hasedeno 3azanvhuii 6uensd npucmporo 0jist Haepigy pebopo KOAICHUX nap ma npum-
yunoga cxema ACUHXPOHHO-BEHTHIIBHOTO KacKany. Buxounanuu mamemamuunuil onuc. Buznaueni
cmamuyHi ma OUHAMIYHI XapaKMepUCmuKu ACUHXPOHHO20 NYCKY Md 2a1bMYEAHHSL.

Knrouosi cnosa: npucmpiii inOykyitino2o Hazpigy pebopo; ACUHXPOHHUL 08USYH; ACUHXPOHHO-
BEHMUNbHULL KACKAO.

The article solves an actual scientific problem, which consists in stabilizing the rotation speed
of the wheel pair for uniform heating of the rims. The general view of the device for heating the rims
of wheel pairs and the basic diagram of the AVK are shown. Completed mathematical description.
Static and dynamic characteristics of asynchronous start and braking are determined.

Keywords: reboard induction heating device; asynchronous motor; asynchronous-valve cascade.

IHocTanoBka mpo0JjemMn

3pocTaHHs BaHTaKOIepeBe3eHb 3ali3HUIYHUM TPAHCIIOPTOM BHKIIMKA€E 3HOLICHHS! KOJIICHUX Tap
TPaHCIIOPTHHX 3aC00IB — 3aJi3HUYHMX Ta TPaMBailHUX BaroHiB. i peMOHTY KOJiCHHX Tap BUKOPHC-
TOBYIOTHCSI TPUCTPOI IHAYKIIHHOrO HArpiBy pedopa. ToMy akTyallbHOIO TEXHIUHOIO 3aJlauero € po3po-
OKka eneKTponprBoa o0epTaHHs KOJIICHOI Mapy A PiIBHOMIPHOTO iHIYKLIITHOTO HarpiBy pedopa.

AHaJIi3 0CTaHHIX JOCTITKeHb Ta MyOJaiKanii

s o0epTaHHs KOMICHOI MapH BUKOPUCTOBYIOTHCS MPUCTPOI 13 YaCTOTHO-PETYIbOBAaHUM €Je-
KTPOIIPUBOJIOM, SIKUH 3’€IHAHMI Yepe3 KapaaHHui Ban [1, 2]. Hemonikom nmprcTporo € 3Ha4Ha CKial-
HICTh TEXHIYHOI peaiizallii, BIJTHOCHO HU3bKa TOYHICTH Y BU3HAUCHHI aOCOIIOTHOrO KOB3aHHS 1 IMiJI-
BHUIIEHI BTPAaTU €Heprii.

VY npuctpoi ans HarpiBy Aertaneil mig 30upaHHs 3’€qHaHb BOYAOBaHUN iHAYKUIMHUN HarpiBayd
Jutst OaHJaKIB 3aTi3HUYHUX KosicHuX nap [3, 4]. HemonmikoMm mpucTporo € HepiBHOMIPHICTh HArpiBy.

[Tpuctpiit ang HarpiBaHHS 1 po30HpaHHs AeTalield, SKUil CKIaga€eTbesl 31 3MOHTOBAHOIO HA CTa-
HHHI KUJTBLIEBOTO 1HAYKIIHHOTO HarpiBaya 3 MarHiTOMPOBOJAMH, MEXaHI3My 3aMHKaHHS MarHiTOIPOBO-
IiB, a TAKO)K MEXaHi3My LIEHTpyBaHHs aeTainei [5]. HemomikoM boro mpucTporo € ckiiaaHa KOHCTPYK-
1is, sIKa 3yMOBJICHAa BUKOPUCTaHHSAM IHAYKIIHHOTO HarpiBaya 3 MarHiTONMpPOBOAAMH, MEXaHI3MY 3aMH-
KaHHsI MAarHITOPOBO/IIB 1 MEXaHi3My IIEHTPYBaHHS 3 KUIbLIEBUM KOPITYCOM.

[Mpuctpiit Ans IeMOHTaXXy KOJNICHHX Tap MicTuTh iHxykrop [6]. Henomikom mporo mpuctporo
€ Te, 10 BepXHs TiJIKa MiAKOBOIMOMIOHOT KOTYIIKH HepoOoya, npu 1pomy 3HmKyeTbess KK/ 1 Bumara-
€TbCs OLIBIIE JOAATKOBOI'O Yacy Ui JEMOHTaXY.
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VYcraHoBKa ISt iHAYKIIHHOTO HarpiBy aeranei mae [1-noxiOHuit marnitonposin [7]. Hemooi-
KOM JJaHO1 YCTAHOBKH € Te, IO ii 0yJ0Ba 30UIbIIye 3arajJbHAN KOe(ilieHT po3CiloBaHHS OOMOTKH, IPH
IOMY 3MEHIIYIOTH 11 eHepPreTU4HI TOKa3HUKH.

[puctpiit iHAyKOiifHOTO HarpiBy 3 ABOMa IHAYKTOPaMH BHKOPHUCTOBYETHCS IUISI HarpiBaHHs
Oyap-sikoro Buay noBepxoHb [8, 9]. HemomikoM AaHOTO MPUCTPOIO € OOMEKEHHS 00JacTi BUKOPHC-
TaHHsI, HeBENUKUN KOe(ilieHT KOPUCHOI A1l Ta MOTY>KHOCTI.

AHaJti3 OCTaHHIX JTOCHTI/PKEHb Ta MTyOITiKaIliid MOKa3ye, MO HAMOUTBII MEPCICKTUBHUM € 3aCTOCY-
BaHHs aCHHXPOHHO-BEHTHIIbHOTO Kackany (ABK), sikuit Mae mepeBaru nepe iHIIMMU CUCTEMaMH PEry-
JIFOBaHHS IBUTYHOM 3MIiHHOT'O CTPYMY.

DopMyTIOBAHHS METH J0CTITKEHHS

Meroro poOoTH € cTabinmi3amis BUAKOCTI 00epTaHHs KOJNICHOI Tapy AjIsl piBHOMIPHOTO HArpi-

BY pebop.
Bukiiax ocHoBHOrO MaTepianay
Ha puc. 1 npencraBnennii 3araJbHUN BUTIIS IPUCTPOIO AJIs1 HATPIBY pedOp KONTICHUX Map.

Puc. 1. 3aranpHuil BUIIISAI IPUCTPOIO IJIs1 HATPIBY peOOpA KOMICHUX map: 1 — eNeKTporpuBOA
o0epTaHHA; 2 — KapJaHHWH Basl; 3 — 3BaploBalibHa YCTaHOBKA; 4 — KOJicHa mapa; 5 — OJIOK Kepy-
BaHHS HarpiBaueMm; 6 — iHAYKUiHHUI HarpiBayd

Ha puc. 2 naBeneHa cxema 3 MIPOMIKHUM KOJIOM TOCTIHOTO CTPyMY, sIKa € HalIpOCTIIIO Ta
Haimommpenimoro cxemoro 3a ABK. ¥V takux cxemax EPC poropa BunpsimisieTbest TpudasHuM MOC-
TOBHM BHIIPSIMIISTYEM, a A0 KOJia BUMIPSAMIICHOTO CTpyMy AoAaeThes ponaTkoBa EPC Bin BeHTHIBHOTO
neperBoproBaya (iHBepTOpa). Po3paxyHOK MeXaHIYHHX XapaKTEPUCTUK BHKOHAHO HAa OCHOBI TaKMX
BHpa3iB.

PiBHsiHHS MexaHiuHOI XapakTepucTuku ABK BUTIIsSIa€ HACTYITHUM YHHOM:

s-S9 [ 5-% Y
S(I+q)+p | S(+q)+p

ne K, — xoedimienT nepeBantaxenns A/l; S — KoB3aHHS poTOpa B PEKMMI ABUT'YHA Ta JMHAMIYHOT'O

@y —C()p .o _ a)p . . 0. 0. o. o . .
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Puc. 2. llpuauunosa cxema ABK: AM — akTuBHMIA IBUTYH 3 (a3HUM poTOpoM; B — Hekepo-
BaHUIl HAMBNIPOBIAHUKOBHUH BUIPAMIISIY; | — KepoBaHMI THPHCTOPHUI IEPETBOPIOBAY Il iHBEPTY-
BaHHS BUIIPAMIICHOTO CTpyMy poTopa; T — TpaHcdopmarop Ui y3ropkeHHsI Halmpyrd poTopa 3 Ha-
npyroto mepexi; IC — 3rmamKyBanbHUA JpOCceb A1 3T1aDKyBaHHS ITyJbcamii

AU K,E 27t
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=X—T+—2m2+ﬂrcﬂ'- z _ B Uk%. . ZAPK3‘103,

Xp 3%, 3Xp | 100-lppy
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Kputrnune xoB3aHHS BU3HAYAETHCS 32 (HOPMYIIOI0
_2J2-S5+p
P 1/82-q
Jnst 3amaHOro KyTa iHBEpPTYBaHHS [3 MOTOYHE 3HAYCHHS KOB3aHHS 3HAXOAMTHCS B MEXKax
Sp<S <5y, PO3PaxyHKOBI 3aJIGKHOCTI SIKUX MMPEACTaBIEH] Ha puc. 3.
CrpykrypHa cxema cucremu ABK HaBenena Ha puc. 4, B sKiif MICTUTh PONOPUIHHUI pery-
JISITOP IBUIKOCTI Ta MPOMOPLIHHO-IHTErpaIbHUI PETYISITOP CTPYMY.
Jlxepeno nogatkoBoi EPC € nepiognyHUM KOJIOM MEPIIOTo MOPSAKY.
[epexigni mpoueck OOYMCIIOIOTHCS Yepe3 KOJO BHIPSIMIICHOTO CTpyMY Kackaay. TOYHICTB
PETYIIOBaHHS LIBUIKOCTI IBUTYHA 3a0€311€9y€THCS 3BOPOTHUMH 3B'SI3KAMH T10 IIBUAKOCTI Ta CTPYMY.
[Tapamerpu ABK BKIII04aloTh HACTYIHI PO3paxyHKOB1 KoeilieHTH:
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Puc. 3. Mexaniuni xapaktepuctuku ABK y pexxnMax IBUTyHa Ta JUHAMIYHOTO TajlbMyBaHHS
npu kytax: B, = 90°% B,= 607 B, =45 B,=30°

@9
c O
—A
®o
M
31 AR AA UM Fan e
U /R _ /R 1 ®o
AT 3 |§_)<>_) W WP | | E _RE C
- c TEp+1 TEp+1 Jp
U]_]_[ UC
K¢
Km

Puc. 4. CtpykrypHa cxema ABK

T _i_Lp"'LC,ZZ"'LTP
e - )

Re Re
3-Xp-S 3-x
Rez P CP+ TP+2'rp+2'r1/'SCp+rCﬂ+2'er,
T T
TM:JZ Z,C,
C
k =UTMex.
gy
Kk :UTMax
Dp
__Im C-Ky
PLII



110 36ipuuk HaykoBux mpaib JATY Ne 2(45) 2024

R_e’
Re

Ky = .
Yoy,

PozpaxynkoBa miarpama mBuakocti ABK HaBenena Ha puc. 5.

Puc. 5. Pozpaxynkosa giarpama mBuakocTi ABK: 1 — mBunkicts 00epTaHHS KOJICHUX Tap;
2 — BUIIPSIMIICHUH CTPYM KacKajy

BucHoBkn
1. IcHyrO4i CXEMH YacTOTHOI'O0 KepyBaHHS aCHHXPOHHHUM JBUTYHOM TOTPEOYIOTH MOBHOI IMO-
TY>KHOCTI TIEPETBOPIOBaYa YaCTOTU Ta MAIOTh BTPATH CHEPTii KOB3aHHSL.
2. Jlocmimkena cucremMa eIeKTPOIPHBOAA 33 CXEMOI aCHHXPOHHO-BEHTUIILHOTO KacKay, Ma€e
MEHIII MOTYXHOCTI POTOPHOIO TMEPETBOPIOBAYA YAaCTOTH Ta 3a0e3medye peKyneparlito MOTYXKHOCTI
KOB3aHHS JI0 MEPEXi.
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ELECTRIC WHEEL PAIR ROTATION DRIVE FOR INDUCTION HEATING RIB

Abstract

The article solves an actual scientific and technical task, which concerns the stabilization of the
speed of rotation of the wheel pair for the purpose of uniform heating of the flanges. The general design
of the device for dismantling wheel pairs is presented, the device of wheel pairs contains an inductor.
The disadvantage of this device is low efficiency, a large amount of time spent on dismantling. It is
noted that the installation for induction heating of parts has a U-shaped magnetic wire. The disadvantage
of this installation is that its structure increases the total dissipation factor of the winding, while reducing
its energy indicators. At the same time, an induction heating device with two inductors is used to heat
any type of surface. The disadvantage of this device is the limitation of the area of use, a small efficiency
and power factor. Based on the results of the analysis of the latest research and publications, it was de-
termined that the most promising is the use of an asynchronous valve cascade system, which has advan-
tages over other systems of regulation by an alternating current motor. The principle diagram of automat-
ic control according to the AVK scheme is given. A mathematical description of the static start-up and
braking characteristics of this system is provided, as well as static and dynamic processes are calculated
on the basis of the mathematical description, transient calculation processes through the rectified current
circuit of the cascade are constructed. The accuracy of motor speed regulation is provided by speed and
current feedback. The structural diagram of the AVK is shown, which consists of typical dynamic links:
a proportional speed regulator and a proportional-integral current regulator. The obtained speed diagram,
which demonstrates the starting mode, movement at nominal speed and regenerative dynamic braking,
the source of additional EMF is a periodic circuit of the first order. It is determined that the electric drive
system according to the AVK scheme has lower powers of the rotary frequency converter and provides
recovery of slip power to the network.
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