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ﬂepe.ﬂilc BHKOPHUCTAHHMX MMO3HAYEHb TA CKOPOYEHb!

W,y -
V,J -

Je -

MarHiTHa IPOHUKHICTh Ta eNIEKTPOIPOBITHICTE; L -
BEKTOPH LIBUJIKOCTI PyXy CEpelOBHIIa Ta Un -
CTOPOHHBOI TYCTHHH CTPYMY; Sn -
TYCTHHA CTPYMiB B OOMOTIII CTaTOPa, IO Exm Ex -

XapaKTepHU3ye PEKIM poOOTH TeHepaTopa;
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OCbOBa NOBXXHWHA Ir€HEPATOpa;

KUTBKICTh BUTKIB B T1a3y;

IUTOLIA B Ma3y ITiJl IPOBiHHUKH;
HAIPYXXEHICTh ENIEKTPUIHOTO OIS B MiCITi

PO3TaNTyBaHHS KOTYIIOK (ha3HUX 30H «A» 1 «X»;
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c —  eJIeKTPONPOBIAHICTH MaTepialiB 001acTi;

r —  BiIHOCHA MarHiTHa NPOHMKHICTh MaTepialiB.
Br —  3aJMINKOBA IHAYKIis MOCTIMHUX MarHiTiB;

Jm —  aMIDTiTyJHE 3HAUYeHHS I'YCTHHHU CTPyMY B (asi

0OMOTKH SKOpSI, SIKE BU3HAYAETHCS CTPYMOBUM
HABaHTA)XCHHAM I1a3a reHepaTopa (BeINYHHOI0
CTpYMY SKOPSI, KUTBKICTIO BUTKIB 1 IUIOIIECIO

HEepeTHHY 11a3a);

Beryn. AKTyanbHUM HampsIMKOM PO3BHUTKY Bif-
HOBJIIOBAIBHUX JIKEpeNl EeHeprii € BHKOPUCTAaHHS
eHeprii BiTpy. OZHUM i3 OCHOBHUX CKJIAJIOBHX €Jie-
MEHTIB BITPOYCTAHOBOK € EJNEKTPHYHUI TeHepaTop.
Hoceix Ta po3poOku 3apyOiKHHX Ta BITUUZHSHHX
BUCHHMX II0KAa3aB, 10 Ha JaHUHA MOMEHT HalOiIbIIy
e(eKTUBHICTh MalOTh T€HEPATOPHU BiTPOYCTAHOBOK,
10 BUKOHAaHI Ha 0a3i MOCTIHHWUX MArHiTiB i3 PigKo-
3emenbHuX enementiB (SmCo, NdFeB) [1, 2, 8].
[ligBumuTy epeKTUBHICT, TEPETBOPEHHS EHepril
BITPY B €NIEKTPHYHY MOXKJIMBO 32 PaXyHOK BIOCKO-
HaJICHHA KOHCTPYKIIil HasBHUX THITIB €JIEKTPOTEHe-
patopiB, BUKOPHCTaHHS HOBUX TEXHOJIOTIH Ta MaTe-
pianiB abo po3poOKM HOBHX KOHCTPYKTHUBHHX pi-
IeHb eJeKTporeneparopis [1, 2, 7].

s cTarTs mpucBAYeHa aHANI3y MapaMmeTpiB Ta
XapaKTepUCTUK TPAAUIIHHOTO TeHepaTopa IWIiH/-
PUYHOI KOHCTPYKIIT i3 TOCTIMHUMH MarHiTamu 3 re-
HEepaTopoM TOPIIEBOTO THITY 3 JBOCTOPOHHBOIO aK-
THBHOIO NOBEpXHEI0. BukopHucTaHHS came TOpLEeBO-
ro TeHeparopa MOAYJBHOI KOHCTPYKIIii 03BOJISE
MiABUIIUTH TUTOMY MOTYXKHICTh YCTAHOBKH Ta TIOK-
panMTH BUKOPHUCTAHHS aKTUBHHX MarepiayiB reHe-
paTtopa (eleKTpOTeXHIYHOI CTaji, MOCTIHHUX MarHi-
TiB, 0OMOTYBaJIbHOTO TIPOBOY).

TopiieBi eneKTprYHi MallliHA MOXHA BUKOHATH
3 BEITUKAM YHCJIOM Tap MOJOCIB, IO HAMOLIBII BU-
TiTHO BUJIUISAE TIeH Kiac JJIsl 3aCTOCYBAaHHS B HU3BKO
IIBUAKICHUX a00 B BHCOKOYACTOTHUX MpHBOaax. Ha
puc. | HaBeJeHO TOPIBHSHHS Cepii eNeKTPUIHUX
MallIVH 3 aKCiaJIbHUM Ta pajiaJbHUM MarHiTHUM I10-
TOKOM, TOOTO IMIIIHAPUIHOT MAIIMHU JJIS1 Jiaria3oHy
notyxHoctei Big 0,25 no 10 xBr [4, 7].

BimHoBmroBaHa eHepreTrka. 2018. No 2

32

Sq —  mIowia, sIKy 3aiiMaloTh MPOBIIHUKN OAHI€ET
(asHoi 30HH;

a —  YHCIIO MapaleIbHUX T1I0K OOMOTKH SIKOPS;

Bn, B: — HOpMaJlbHA Ta TaHTCHIIAJIbHA CKIIAI0BI
MAarHiTHOI iHAYKII OO0 MIOBEPXHI pOTOPa;

R, L2 —  pajiyc Ta IOBXHHA POTOpa;

P —  KUIBKICTB Iap MOJIOCIB;

BEJIMYMHA MTOTIOCHOT HOZ[iJ'IKI/I poTopa.
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Puc. 1. IlopiBHSHHS XapaKkTepuCTHK HWJIiHAPHYHOI (1) ma-

INHHU TA TOplleBO.l. 3 IBOCTOPOHHLOI0 AKTUBHOIO ITOBEPXHEIO

3.

Fig. 1. Comparison characteristics of a cylindrical (1)
machine and active surface machine (2).



BITPOEHEPT'ETHUKA

ISSN 1819-8058

3 MOPiBHSAHHS MALIMH OJNU3bKO1 MOTYXHOCTI BH-
XOAMTh, 10 MAIIMHU 3 aKCIaIbHUM IIOTOKOM MalOTh
MEHIHA 00’€M 1 Macy akTHBHHX MarepiamiB, HDK
MallVHA TPATUIIAHOT IWIIHAPUYHOI KOHCTPYKIIL.
OcCoONMBO 1LIe CTOCYETHCS CHIBBiAHOIIEHHS MOTYX-
HOCTI 1 00’ €My MaIlIvH y Jliala30Hi MOTYKHOCTEH Bif
0,25 mo 10 xBr. /liana3on moTy»XHOCTEH eIeKTpUd-
HUX TCHEpPaTOPIB 3 aKCialbLHUM MAarHITHHM MOTOKOM
30y/DKEHHSI JISKUTh B MEXax BiJl YacTOK BaT A0 Me-
raBaT. Y BHIAJKY 301TBIIIEHHS BUXiAHOI MOTYKHOCTI
reHepaTopa, KOHTaKTHA TIOBEPXHS 3'€IHAHHS Baja i
poTopa 3MEHINYETHCS HEMPOMOPLIHO A0 3arajibHO-
ro 00’eMy MallMHHU, 10 OOMEXYE BUXIHY IMOTYX-
HICTh MAIIMHH 3 TOYKU 30py MEXaHI4HOI LiTiCHOCTI 1
MIIIHOCT] Bajia MamuHU. PillteHHsIM [UTs 301UIbIIEHHS
MEXaHIYHOI HUIICHOCTI 3'€JIHAHHS POTOP—BaJl € MO-
JyJbHa KOHCTPYKIis Mammuu |5, 8]. Tonomoris mux
MalllUH € HaWOUIpIl NpuAaTHa A MOAYJIBHOTO
KOMIIOHYBaHHS, B SIKOMY YHMCJIO OZHAKOBHX MOJIYJIB
oOupaeTbest 1Uisl 3a0e3neueHHsT HeoOXiqHOI MOTYX-
HOCTi 200 MOMEHTY [4].
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Puc. 2. 3aranbHuii BUrIs TOpLEBOro reHepaTopa i3 ABoC-
TOPOHHBOI0 AKTHBHOIO IIOBEPXHEI0: 1 — MarHiTHe ocepas
craropa; 2 — o0MoTKa cTaTopa; 3 — poTop; 4 — nocTiiiHi Mar-
HiTH; 5 — KOpmyc; 6 — mMiTMIHUKH; 7 — BaJL.

Fig. 2. Common view of the front generator with a two-sided

active surface: 1 — the magnetic core of the stator; 2 — stator

winding; 3 — rotor; 4 — permanent magnets; 5 — housing; 6 —
bearings; 7 — shaft.
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Ha puc. 2 moka3aHo KOHCTPYKIIIO TeHepaTopa
TOPIICBOTO THUIY 3 JBOCTOPOHHBOK) aKTHBHOIO MOBE-
pxuero [3, 5].

Ha puc. 3 HaBeneHO BUA reHepaTopa i3 MOCTiH-
HUMU MarHiTaMu TPaJHIiiHOI (MATIHIPUYHOT) KOH-
cTpyKii [3, 6].

Puc. 3. I'enepaTop kiIacu4Hoi KOHCTpYKHii: 1 — MaruiTHe
ocepas ctaTopa; 2 — 00MoOTKa cTtatopa; 3 — BaJ; 4 — mocTiiiHi
MAarHiTi; 5 — MoJIOCHI HAKOHEYHUKH.

Fig. 3. Classical construction generator: 1 — magnetic stator
core; 2 — stator winding; 3 — shaft; 4 — permanent magnets; 5
— pole tips.

Buxinsi nafi Ui MaTeMaTHYHOTO MOJEFOBAH-
HS TOCTIDKYBAHUX EJICKTPUUHUX TeHEpaToOpiB HaBe-
eHo B Ta0m. 1.
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Tab6auus 1 — Buxigni qani 1y MaTeMaTHYIHOI MOgeTi

Table 1 - Output data for a mathematical model

[Tapametp 3Ha4YeHHs
Topuesuii renepaTtop unianprananii reHepaTop
Hocriiini Marsiti NdFeB N38: Br=1,21Tu, NdFeB N38: Br=1,21Tun,
Hc=939 kA/m Hc=939 kA/m
Marepian potopa Cranb 3 Cranb 3
Marepian cratopa Cranp 1211 Crans 1211
OOMOTYBaJTbHUH MPOBIT 9T 155 & 0,47 3T 155 & 0,47
KisbKicTh BUTKIB B KOTYIIII 118 94
KinpKkicTh KOTYIIOK 3x8 3x6
IIBuaxicTs 0OepTaHHS 300 o6 /xB 300 06 /xB
KinpKicTb moocis 8 8
30BHIIIHIH AlaMeTp MarHiTHOTO OCEeP/s CTATOPa, MM 170 130
BHyTpiluHiii JiaMeTp MarHiTHOTo ocepis cTaTopa, MM 100 76
JloBxxuHa craTopa 35 127
[iamerp potopa, MM 175 75
JIOBXHHA POTOPa, MM 16 127
Benmuuna noBiTpsSHOTO MPOMIXKKY, MM 0,5 0,5

MaremaTnyHa MoaeJib. i1 pO3paxyHKy Xa-
pakTepy pO3MOALTYy EeJNEKTPOMAarHiTHOrO MOJS TOp-
LIEBOTO ENIEKTPOreHeparopa JOUiIbHO BUKOPUCTOBY-
BaTH TPHUBHMIPHY TOJBOBY MaTeMaTHYHY MOJIEIb.
Lle oOyMOBIIEHO HasBHICTIO B PO3PaxXyHKOBiH 30HI
TaKOTro TeHepaTopa pajialibHO-aKCialbHOrO MarHiT-
HOTO TOTOKY. 3aCTOCYBaHHSI TPUBUMIpHOI MaTema-
THYHOT MoJei mo3BoJsie [1]:

- BpaxOBYBaTH BIUIMB MAarHiTHUX TOJIB PO3Cit0-

BaHHS JIOOOBHX YaCTHH;

- BpaxoOBYBAaTH HAsBHICTh MIXJIUCTOBOI 130JIsMIii

MIX OKPEMHUMH JTUCTAMU MarHiTOPOBOIY;

- B NOBHIH Mipi BpaXxOBYyBaTH MOB3JIOBXHI Ta TO-
nepeyHi KiHIeBi eeKTH;

- B TOBHI Mipi BpaxoBYBaTH KOHCTPYKTHBHI
0COOJIMBOCTI TeHEpaTopa.

YucenpHa peanizalisi MoJiesli BUKOHYETbCS Me-
TOIOM CKIHYEHHHX €JIEMEHTIB 13 3acTOCYBaHHSM
nporpamuoro nakery COMSOL Multiphysics.

Jis po3paxyHKy MarfiTHOTO IOJISi BUKOPUCTO-
BYBaJIOCSl HECTalliOHApHE HeJiHiiHe nudepeHuiaib-
HE PIBHSHHSA JUII BEKTOPHOTO MarHiTHOTO MOTEHIia-
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a1y (A) B pyXOoMOMY €IEKTPOIPOBITHOMY CEpPEIOBHU-
i [3, 4]:
- 1= - 04 = (= - -

Je: L, Y — MarHiTHA MPOHUKHICTh Ta eJIEKTPOIPOBI/I-

Hicts; V,J

+J imop — BEKTOPH LIBUJKOCTI PYXY Cepesio-
BUIIIA TAa CTOPOHHBOI T'YCTHHH CTPYMY.

Jns po3paxyHKy eJIEKTPOMarHiTHOrO IOJs B
KBa3iCTAaTHYHOMY PEXHMi TMONepeIHE PIBHSIHHS Ha-

OyBa€ Takoro BUTIISILY:
R . U -
Vx—(VxA)—;/]a)+7/Vx(V><A)=—Jcmop.
Y7

s oTpUMaHHS OJHO3HAYHOI'O PO3B’SA3KYy Ha
MeXaX PO3paxyHKOBOI 001acTi 3aJaf0ThCsl TPaHUYHI
YMOBH IIEPLIOTO POLY:

A|r ALKz

Hns oTpUMaHHS XapakTepy pO3MOIiLy BHXiTHOT
HaANpyrd Ta MardHiTHOT IHAYKIIl B 4aci Ha OKpPEMHUX

IUISTHKAX MAarHiTONPOBOJY 3aJal0ThCsl I0YAaTKOBI
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YMOBH — 3Hau€HHS MONBOBUX (DYHKLIH B cepeanHi
00acTi B TOYaTKOBHI MOMEHT 4acy.

a(x,y,z,0)| ., =a(x.y,2,0).

OCKUTPKH pO3paxyHKOBa OOJIACTH MAIIMHH MaE
pi3Hi (i3UUHI BIACTUBOCTI, TO B KOXHIiH 3 oOnacteit
BUPIIIYETHCS CTAlliIOHAPHE PIBHSAHHS TOJA IIOAO Be-
KTOPHOTO MarHiTHOro moteHtiany. J{is obmacri, axa
MICTHTH B cO01 TIOBITPSHHUN TTPOMI’KOK, MarHiTOIPO-
BiJl, BaJ, TOJIOCHI HAKOHCYHUKU 1 OOMOTKY SKODS
piBHAHHS Mae Takuit Burisn [ 1-3]:

ne Je — TyCTHHA CTpyMIB B OOMOTIII cTaTopa, 1o Xa-
paKTepu3ye pexuM poOOTH TeHepaTropa; G — eJeKT-
POTIPOBIHICTE MatepianiB 001acTi; W — BiTHOCHA
MAarHiTHa MPOHUKHICTh MaTepialiB.

[Tone moCTIHHMX MarHiTiB PO3PaxOBYETHCS 3a
TaKWM CTaIllOHAPHUM PiBHIHHIM:

04 VxA-B,

o—+Vx J
Ho - Hy

e

ne Br — 3anmuikoBa iHAyKIlis TOCTIHHUX MarHiTiB,
I'yctrHa cTpymiB B 0OMOTII SKOpST 337ar0ThCA
SIK (PYHKIIiS Yacy t:

Ja=J,-cos(a 1),
Jz =3, -cos(w -t+2713),
Jo=1J,-cos(ew - t+47/3),

ne Jm — aMIUTiTyZIHe 3HAYeHHS TYCTHHU CTPYMY B
(a3i 0OOMOTKH SIKOPsI, SIKE BU3HAYAETHCSI CTPYMOBUM
HaBaHTa)XEHHSM Ta3a TeHepatopa (BETHMYUHOIO
CTPyMY SIKOpSI, KUTBKICTIO BUTKIB 1 TUTOMIEIO TIEPETH-
Hy I1a3a).

s po3paxynky ingykoanoi EPC B ¢a3si 00-
MOTKH SIKOpsI TeHeparopa, B cepenosumi COMSOL
Multiphysics BUKOPHUCTOBYETHCSI TaKHil iHTErpaib-

HUW BUpPA3:

L-U,
EA:S > ?EZA-ds—éﬁsz-ds ,

n
q q

ne L — ocboBa noBxuHa reHeparopa; Un — KUTBKICTh

BUTKIB B Ma3y; Sy — MJIONIA B Ma3y Iijl MPOBIIHUKY;
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Eza, Ezx — HanpyXeHICTh eNEeKTPUIHOTO OISl B Mic-
i PO3TalIyBaHHS KOTYIIOK (ha3HUX 30H «A» 1 «X»;
SQ — o, Ky 3aiMaroTh MPOBITHUKK OJHIET (a3-
HO{ 30HH; a — YMCIJIO MapajelbHUX TiJJOK OOMOTKHU
sIKOpst. AHanoriuHo Bu3HauyaroThess EPC B dazax 06-
MOTKH «B» 1 «Ch».

Jlns oO4YMCIIeHHS MUTTEBHX B3HAYEHb CHIH 1
KPYTHOTO MOMEHTY, HaNpHKIaA, A BU3HAYCHHS
YacoBOi 3aJIeKHOCTiI E€IEeKTPOMAarHiTHOTO MOMEHTY
CHHXPOHHOTO TeHEepaTopa 3 MOCTIHHUMH MarHiTaMu
BHUKOPUCTOBYETbCS METOJ TEH30PY MAarHiTHOTO Ha-
TATY. B 3aransHOMY BUIIIAAI BUpa3 AJsi OOYMCICHHS
MAa€ TaKUi BUTIISL

1

nT =§Re-(—%nl(E-D)+(n1-E)-DT—

1'av
1 T
—Enl(H-B)Jr(nl-E)-B :

Pe3yabTaTn MoaenoBanns. Ha puc. 4 HaBene-
HO PO3MOALT MarHiTHOI 1HAYKLIi B pPO3paxyHKOBii
oOmacTi ansl TeHepaTopa 3 MOCTIMHUMH MarHiTaMu

OWTHAPUYHOT KOH(Iryparii.

Puc. 4. Po3noain ejiekTpOMarHiTHOro moJisi B po3paxyHKoBii

00J1aCTi HUTIHAPUYHOIO eJIEKTPOreHepaTopa.

Fig. 4 Electromagnetic field distribution in the area of a
cylindrical generator.
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Ha puc. 5 HaBeAeHO pO3MOiT MarHiTHOI 1H-
OyKIIi B paMKax pO3paxyHKOBOiI 00JacTi TOPIEBOTO
reHepaTopa i3 MOCTIHHUMH MarfHatd 3 JIBOCTOPOH-
HBOIO aKTUBHOIO MIOBEPXHEIO.

Puc. 5. Po3noain eqeKTpoMarHiTHOro moJist Jist
JBOXCTOPOHHBOI KOHCTPYKIIII 3 pajiaibHO-aKciaIbLHUM Mar-
HITHUM NOTOKOM.

Fig. 5 Electromagnetic field distribution for a two-
sided design generator with radial axial magnetic flux.

Kinneswii Bupa3 a1 BU3HAYCHHS €JIEKTpoOMar-
HITHOTO MOMEHTY TeHeparopa Halyle TaKoro BH-
rsay:

v =2-p-R2-L2

. m !BnB,dl ,

0,8

o,z \ / \ /

R \
“T

-08

a)

ne Bn, B: — HOpManbHa Ta TaHreHLiabHA CKJIATOBI
MarfiTHOI IHAYKIIi 1010 OBEpXHi poTopa; Ro, Lo —
pazaiyc Ta JOBXKHHA POTOpa; P — KIIBKICTH map MO-
JIIOCIB; T — BeTMUMHA MOJIOCHOI MOJIIIKH POTOPA.

Ha puc. 6 HaBeneHO po3MOAiN CepeIHbOro 3Ha-
YeHHsI MarHiTHOI 1HIYKIIl A7 JBOX KOHCTPYKTHB-
HUX BUKOHaHb: 0) — TpamulliiiHa (TWIiHAPUIHA)
KOHCTPYKLisl TeHepaTopa; a) — TOpIeBa ABOCTOPOHHS
KOHCTPYKIIis.

Ha puc. 6 HaBeeHO po3MOJIi MarHiTHOT IHAYK-
1ii B TOBITPSHOMY MPOMDXKKY ISl IBOX BUTIAKIB!

3 puc. 6 BUIHO, IO TEHEPATOP TOPLEBOi KOHC-
TPYyKLii 3a0e3medye BUILE aMIUTITyIHE 3HAYE€HHS Ma-
THITHOI 1HIYKIIT B TPOMIXKKY 32 paXyHOK KOHCTPYK-
THBHOTO BUKOHAHHS, HiXK TeHEPATOp KJIACHYHOI KOH-
cTpykuii. Kpim Toro, y reHeparopa Ki1acu4HOi KOHC-
TPYKLil BENTUYMHA BUIIUX TAPMOHIK MarHiTHOTO MO-
TOKY TNPOSIBIISIETHCS CHIIBHIIIE 32 PaXyHOK SIBHO BHU-
pakeHoi 3y09acTOCTi BHYTPIIIHBOI PO3TOUYKH CTATO-
pa Ta sIBHO MOJIFOCHOTO BUKOHAHHS pOTOPA.

PesynbTat po3paxyHKy Ta TOpIBHSHHS HaBe-
JIEHNX KOHCTPYKIIi TeHepaTopiB Ta IXHBOI edeKTh-
BHOCTI HaBeZeHO B Ta0MI. 2.

il J |

:i_z AN /l

Puc. 6. Po3noais cepeHLOKBAAPATHYHOr0 3HAYEHHSI MAarHiTHOI iHAYKI{I 1)1l ABOX BUNAKIB: a) TOPIEBOI KOHCTPY-

KIii eJleKTporeHepaTopa i3 1BOCTOPOHHbLOI0 AKTHBHOIO 30HOI0; §) 1JISl HUJIIHAPMYHOI KOHCTPYKLUII eJleKTpor eHepaTopa.

Fig. 6. Magnetic flux density distribution for two cases: a) the end structure of the generator with a two-way active
zone; b) for a cylindrical generator.
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Ta6muus 2 — Pe3ynsTaT NOpiBHAHHS NapaMeTpiB Ta XapaKTePHUCTHK reHepaTopiB

Table 2 - Result of comparison of parameters and characteristics of generators

[Tapamerpu Ox. BUM. Topuesuii renepaTtop HynisapudaHMii reHepaTop

HowminansHuii ¢asunii ctpym A 2,8 2,8
[HOyKIisS B TOBITPSTHOMY IIPOMDKKY Tn 0,43 0,32
dazna EPC B 87 63
EnekTpoMarHiTHa HOTYKHICTb Br 320 314

JliniiiHe HaBaHTa)KEHHS A/Mx103 13,14 12,67
Maca mocTiiiHuX MardiTis KT 1,7 0,94
Maca reneparopa KT 7,3 6,8

KK % 91,0 93,0

VYMOBHHUI 00’€M aKTUBHOI YaCTUHU M3 0,014 0,011
Maca KT 7,9 7,1

TTuroma noTyxHicTh Br/m® 3600 1500

MakcuMaabHU| MOMEHT HwMm 28,52 14,32
HoMiHansHuil MOMEHT H-Mm 16,7 10,2
Pazna EPC B 87 63

BucnoBku. Pe3ynpraTti mopiBHAIBHOTO aHATIZY
HaBEeICHUX THIIB EJEKTPOTreHePaTopiB J03BOJISIOTh
3pOOMTH BUCHOBKH, IO TOPLEBHI TUI y TIOPiBHAHHI
3 reHepaTopaMy MWTiHIAPHIHOI KOHCTPYKIIil MafOTh:

- edeKTUBHIlIe BUKOPUCTaHHS aKTUBHOI 4Yac-
THHH, 10 TPOSBISETHCS ITiBUIIEHUM 3HAYCHHSIM
inmykoBanoi EPC B oOMoOTII SIKOPSI, TIOKpalleHUMHU
MUTOMUMH TTOKa3HHKaMH, 30KpeMa y BUTAJKy Oara-
TOMOJIFOCHOTO BUKOHAHHS;

- OlmblI BUCOKE 3HAYEHHS IEPEBAHTAXKYyBa-
JILHOT 3/IaTHOCTI Ta HOMIHAJILHOTO MOMEHTY;

- Kpami YMOBH Uil TPUPOTHBOTO OXOJIO-
JDKSHHS;

- XapakTepHi TOIOJIOTIYHI BJIACTUBOCTI IS
peasnizariii MOAyJIbHOIO BUKOHAHHS;

- MOXIIUBICTh HaIIHHOTO KOHCOJILHOTO 3aKpi-
TUICHHSI 32 HASIBHOCT] HEBEJIMKOT OCBOBOT TOBKUHHU.
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CPABHEHHUE TPAIUIIMOHHOI'O TEHEPATOPA HA
MNOCTOSSHHBIX MATTHUTAX U TOPIIEBOI'O T'EHE-
PATOPA C IBYXCTOPOHHE AKTHBHOM ITIOBEPX-
HOCTBIO AJIsA BETPOYCTAHOBOK

B.M. I'ostoBko®, mpodeccop,

E.A. MoHaxoB?, accuCTEHT,

JOKTOp TEXHHUYECKUX HayK,

AWM. TMonomaper?, umkenep U.51. Koanaenxo?.

Mucturyt Bo3o6HOBIsEMOI sHepreTrky HAH Y kpauHsl
02094, r. Kues, yi1. ['nata XotkeBuua, 20A.

2HauuoHanbHbIi TeXHUYECKUil yHUBEpCUTET YKpauHbl «Kuesc-
Kui nonuTexHudeckuil nHCTUTYT uM. . Cuxopckoro»

03056, r. Kues, np-t Ilepemorsi, 37.

Ilposedeno cpasnenue napamempos u xapakmepucmux mpaou-
YUOHHO20 2eHepamopa YUIuHOPUUEeCKol KOHCIMPYKYUu ¢ nOCMo-
SIHHOLMU MACHUMAMU C 2€HepamopomM Mmopyeso2o munda ¢ 08y-
XCMOpOHHell aKMuUGHOU NOBEPXHOCMbIO, UCNONL3YEMbIX 6 Gem-
POYCMAHOBKAX, HA OCHOBAHUU NOLEEbIX MAMEMAMUYECKUX Mo-

Oeneti. bubn. 8, maébn. 2, puc. 6.

KiioueBble cj10Ba: BETPOYCTaHOBKA, HJIEKTPOTCHEPATOD, PEO-
Gpa3zoBaHUsI SHEPTHH, IOCTOSHHBIC MATHUTBI, MATEMATHICCKAS
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SYNOPSES

The usage of the wind is actual branch in development of
renewable energy. One of the main components in wind turbine
is electric generator. Experience and development of foreign and
domestic scientists showed that at present the most effective are
generators in wind turbines, which are made excitation of
permanent magnets from rare earth elements (SmCo, NdFeB).
The way to increase the effectiveness of transformation the wind
energy to electrical is possible with help of improvement the
design of existing types of generators, using new technologies
and materials or by design new technical solutions. This article
deals with analysis of parameters and characteristics of
traditional permanent magnet generator with cylindrical stator
and axial flux permanent magnet generator with double sides
active surface. The analysis is based on developed 3D field
mathematical models. The usage of axial flux permanent magnet
generator in case of modular usage allows to increase the power
of wind turbine and to improve the usage of active materials of
generator (electrotechnical steel, permanent magnets, copper).
Axial flux permanent magnet machines has less volume and
mass of active materials compare to traditional cylindrical
machines the same power. This is especially true for the ratio of
power and volume of machines in the range of power from 0.25
to 10 kW. The power of axial flux permanent magnet is in range
from the parts of W to megawatts. By increasing the output
power of the generator, the contact surface of the shaft and rotor
connection decreases disproportionately to the total volume of
the machine, which limits the output power of the machine in
terms of the mechanical integrity and strength of the machine
shaft.

PEDEPAT

[MinBunmTH edexTHBHICTh NEPEeTBOPEHHS €Heprii BIiTPY B
SJIEKTPUYHY MOXKIIHBO 32 PaxXyHOK yJOCKOHAJIEHHS abo po3pol-
K{ HOBUX KOHCTPYKTHBHHX DillleHb CY4aCHHX THIIIB €IeKTpore-
HEpaToOpiB K OJHOTO i3 OCHOBHHX CKJIAJIOBUX €JIEMEHTIB BITPO-
yCcTaHOBKHU. Y wiif poOOTi HaBeJEHO MOPIBHSHHS IMapaMeTpiB Ta
XapaKTepPUCTHK T'eHEPaTOPIB 13 MOCTIHHUMH MarHiTaMH Tpalu-
LifHOT IWTIHAPUIHO KOHCTPYKIIil Ta TOPIIEBOTO THUITY 3 ABOCTO-
POHHBOIO aKTHBHOIO TTOBEPXHEI0. AHalli3 mapamMeTpiB Ta Xapak-
TEPUCTHK 3a3HAYCHUX TeHEPaTOPiB 3AIHCHIOETHCS 32 IOIIOMOTOI0
PO3POOJICHUX TPUBUMIPHUX MOJHOBUX MATEMATHUYHHX MOJCICH
METOJOM CKIHYEHHHX eJIeMeHTIB. Peamizamiss Monuenei 3aiicHe-
Ha B nporpamuHomy naketi COMSOL Multiphysics. Pesynsratu
JOCII/DKEHb MMOKa3aly, 1[0 TeHepaTop TOPLEBOr0 THITY Y MOPiB-
HSHHI 3 TEHEepPaTOpPOM IMTIHAPUYHOI KOHCTPYKII Mae OuIbII
e(eKkTHBHE BHKOPHCTAHHS AKTHBHOI YaCTHHM, BHIIY IEepEeBaH-
Ta)KyBaJIbHY 3/IaTHICTh Ta Kpallli YMOBH ISl OXOJIOMKEHHS, MO-
JAYJIBbHOI'O BUKOHAaHHS Ta KOHCOJILHOT'O SaKpil'lJ'[eHHﬂ.
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