MeTtoauyeckue yKazaHusl K KypcOBOMY NPOEKTY 10 AUCHHUILINHE

DJleKTPUYEeCKHEe MAITUHbI

Ha TeMy «PacueT TypOoreneparopa»

JUISL CTYZICHTOB CIICIHAIbHOCTH
13.03.02 "DnexTposHepreTUKa U IEKTPOTEXHUKA"

KypcoBoii mpoeKT COAEPKUT CIIEAYIOIINE MAaTEPUAIIbI:

1. PacyeTHO-IOACHUTENBHYIO 3aIIUCKY.

2. 'paduueckyro 4acTb.

PacueTrHO-nIOACHUTENbHAS 3AIIMCKA JI0JKHA COJIEPKATh!

1. TUTYNbHBIN JIUCT;

2. 3ajaHue Ha KypcOBOM MPOEKT;

3. OrnaBienue;

4. Beenenue.

B Tabnwuie nprBeaeHbl HCXOAHBIE JaHHBIE I TPOSKTHPOBAHUS CHHXPOHHOTO TeHEpaTopa:

[Ipu mpoeKTUpOBaHUH CTYJCHT JOJDKEH ONTHUMHU3UPOBATh MHOTHE pacdeThl. [loaTomy mepen
HAYaJOM pacyeTa He0OXOAUMO TIIATEIbHO U3YYUTh KOHCTPYKIUIO 0230BOI0 CHHXPOHHOI'O reHepa-
TOpa, OLICHUTh NMPHUHSITHIC B HE COOTHOIIECHUS Pa3MEpPOB, YPOBHU 3JCKTPOMArHUTHBIX HATPY30K U

JIpyrue JaHHBIE.

Bb100p 0CHOBHBIX pa3MepoB TypOoreHeparopa.

[Tpu BEIOOpE pa3MepoB MAaIIMHBI OCHOBHOE BHHUMAHHWE YACTSIOT MCIIOJIb30BAaHUIO MaTepra-
JIOB, YPOBHIO HarpcBa 06MOTOK, a TaKXC NpaBUJIBHBIM COOTHOIICHHUEM MCXKIY MMOTEPSAMU U IIapa-
MeTpaMu TypOoreneparopa.

Pa3M€pLI MalllrHbI OIPCACIAIOT I[OHYCTHMBIfl M JKeJIaTeJIbHBIN YPOBCHD 3JICKTPOMArHUTHBIX
3arpy3okK (cucremMa OXJIaX/I€HUs MAllMHBI IPENoJaraeTcs 3a1aHHol), U B CUJTy 3TOTO IIPOEKTUPO-
BAaHUC PCKOMCHAYCTCA HA4YaTh C BBI60pa OCHOBHBIX pa3sMEpPOB U 3aTEM YIKC MEPEXOANUTH K 00MOTOU-
HBIM JaHHBIM.

OCHOBHBIMU pa3MepaMu TypOoreHepaTtopa MPHUHITO CUUTATh AMAMETP PACTOUYKU CTAaTopa,
AKTHBHYIO JUIMHY CTAJIM CTAaTOPa, BO3IYIIHBIN 3a30p MEXIY CTaTOPOM M POTOPOM. DTH BEIUYHMHBI
OTIPENIENISIOT pa3Mephl U, CIEIOBATEIBHO, BEC M radapuThl aKTHBHBIX YacTel, a TaKKe B OOJIBIICH
Mepe U KOHCTPYKTHBHBIN BEC MAIIUHBI.

JIEKTPOMATrHUTHBIE 3arPy3KHU

3alaHue OCHOBHBIX Pa3MepOB MO3BOJSET BHIOpATh U OOMOTOUYHBIE JaHHbIE TypOOTreHepaTo-
pa, KOTOphIE€ CBSI3aHBI C OCHOBHBIMU pa3MepaMd U HOMHHAJIBHBIMHM MapaMeTpaMu IMOCPEICTBOM
JIEKTPOMArHUTHBIX 3arpy3ok. K yaeabHbIM 3J€KTPOMarHUTHBIM 3arpy3kamM OOBIYHO OTHOCSATCS:
WHAYKLWH, IUDIOTHOCTH TOKA U JIMHEHHbIE HATPY3KU. DJIEKTPOMarHUTHbIE 3arpy3KU UMEIOT CBOH J10-
MyCTUMBIE 3HAUYEHHUS, T.K. OHU OMPEENAIOT TEIUIOBbIE 3arpy3Ku U, CIEI0BaTEbHO, TEMIIEPaTyphbl
OTJENBHBIX YacTed MamuHbl. HO 37€KTpOMarHUTHbIE 3arpy3kyd OTpaHUYEHBI €lle U MapamMeTpamu
MalllMHbl, HACBIIIEHUEM MAarHUTONPOBOJA, K.II.A. U Jp. Eciau mpuemieMsle Temreparypbl XapakTe-



PHU3YIOTCS KJIACCOM U3OJISIIAN, TO AJICKTPOMArHUTHBIC 3arPy3KH OMPEICISIIOTCS M KOHCTPYKTHBHBIM
WCITOJTHEHUEM U TIPEK/IE BCETO CUCTEMOMN OXJIAXKICHUSI.

Jluneiinas Harpy3ka cTatopa U WHIYKIUS B BO3IYIIHOM 3a30P€ BBIYUCIISAETCS MPU TTOMOIIN
MAIlIMHHON MOCTOSTHHOW APHOJIbIA.

O0MoOTOYHBIE TaHHBbIE CTATOPA

ITog 0OMOTOYHBIMH JAHHBIMH CTATOPA TTOHMMAIOT YKCJIO TTA30B CTATOpa, YMCIIO Mapajliesib-
HBIX BETBEHW, OTHOCUTEIIbHBIN IIar, pa3Mepbl M1 OOMOTKH, pa3Mephl 1a3a, YUCI0 U TOJIIHWHA Ta-
KETOB CEepJICUHMKA CTaTopa U Jp. Bce 3Th maHHBIe HEOOXOUMBI 71 KOHCTPYUPOBAHUS CEPACUHHKA
craTopa ¢ 0OMOTKOM.

OOMOTOYHBIC JaHHBIC MOTYT OBITh BHIOPAHBI Ha OCHOBE YK€ NMPEABAPUTEIHHO OICHEHHBIX
3HAYCHUM OCHOBHBIX Pa3MEPOB M AJIEKTPOMATHUTHBIX 3arpy30K, IPUYEM IPU BHIOOPE OOMOTOUYHBIX
JIAHHBIX CAMH OCHOBHBIE pa3MePhI U AIEKTPOMArHUTHBIE 3arPY3KH OKOHYATEIIbHO YTOUHSIOTCS.

[IpaBUILHOCTH MPUHATHIX Pa3MEPOB U OOMOTOYHBIX JAHHBIX MPOBEPSICTCS 3aTEM IPH T0JI-
HOM pacuere TypOoreHeparopa.

O0MOTOYHBIE JaHHBIEC POTOPA

Potop siBnsieTcst Hanbosiee HANPSKEHHBIM Y3JI0M TypOOoreHepaTopa B OTHOIIEHUH MEXaHU-
YECKOU MPOYHOCTHU, TETNIOBBIX HATPY30K U MATHUTHOTO HACHIIICHHUS.

OcHOBHBIM (haKTOPOM, OTPAHUYUBAIOLIUM POCT AUAMETPA POTOPA, ABISIOTCI MEXaHUUECKUE
HANPSDKEHUs, BOSHUKAIOILIUE B TEJIE pOTOpa, 0COOCHHO B OaHmaxax, yJIepKUBAIOIIUX JT00OBbIE 00-
MOTKH.

M.z.c. poTopa J0JKHA HE TOJBKO CO3/1aBaTh OCHOBHOM MarHUTHBIN MoTok. Ho u xommeH-
CUpOBaTh M.J.C. peakiuu sikops. [losTomy nnHelHas TOKOBash Harpy3ka Ha POTOpP OKa3bIBAeTCs
OoJbIlle TMHEWHON Harpy3ku Ha ctatope B 1.5 — 1.7 pa3za. OrpanuueHHbIe pa3Mepbl JUamMeTpa po-
TOpa MPHUBOJAT K HEOOXOAMMOCTH TOBBIIICHUS MJIOTHOCTH TOKa POTOpa MO CPaBHEHHUIO CO CTaTO-
poMm B 1.3 — 2.0 paza, nmpudem 3TO OTHOILIEHHE BO3pACTAET 10 Mepe MOBBIIICHHS] MOIIHOCTH TypOO-
reHepaTopa U €ro MCoib30oBaHus. OrpaHM4eHHbIE pa3MeEPbl POTOPA, a TAK)KE BHICOKME MEXaHHUYe-
CKHME HANpSIKEHUsI HE JAI0T BO3MOYKHOCTH PAa3BUTh BEHTHJIALIMOHHYIO CUCTEMY B TaKOW CTENEHU
Kak Ha cratope. TemmepaTypHble OTpaHHUEHHUSI Ha POTOPE HACTYMAIOT OBICTpee W OrPaHUYHUBAIOT
MOIIIHOCTH TypOoreHepaTopa. K 0OMOTOYHBIM JaHHBIM POTOpa OTHOCAT JaHHBIE, HEOOXOJUMBIE AJIs
KOHCTPYMPOBAHUS aKTUBHOM YacTH POTOpa: YUCIO U pa3Mephl Ma30B, 0OMOTOUHAS ME/Ib U TIP.

Pacxon oxmaxaaromen cpeabl

Jlnst mpoBeIeHHsI MTPOBEPOYHBIX TETJIOBBIX PAcYeTOB HEOOXOAMMO €lle 33JaThCs PACX0aA0M
OXJIQXKAAOUIEN cpelpl B MalIMHeE. Pacxon oxXitaxaaromen cpeibl ONpeaeisaioT U3 yCIOBUs OALEp-
KaHUS TeMIIepaTypbl aKTUBHBIX YacTell MalllMHBI B JONMYCTHUMBIX mpeaenax. [IpaBuibHbI BIOOp
pacxojia OXJIaX/JIaIoIIel cpe/ibl MOKET ObITh MPOU3BEJIEH IO e HarpeBy. B MalmHax ¢ KOCBEHHBIM
Y HEINOCPEICTBEHHBIM OXJIAXACHUEM HArpeB U PACXOJ OXJIAKIAOLIEH CPEelbl, [0 YCIOBUSAM JOIy-
CTHMBIX TeMIepaTyp 0OMOTOK, MOTYT CyHIECTBEHHO OTIMYaTbes. Kak mpaBuiio, MalMHbl ¢ KOC-
BEHHBIM OXJIXKJICHHEM UMEIOT MEHBIIINI HarpeB OXJIAXKIAIOIIeH BEIMYMHBI U OOJBIINI ee pacXol.



DJIeKTPOMAarHMTHBIN pacyer

B 3agauy 371€KTpOMarHuTHOTO pacueTa BXOAUT pacyeT MarHUTHOM LIETIH U ONpeIeIeHUe TO-
Ka BO3OYXKIEHUS MPH Harpyske. DINEKTPOMArHUTHBIM pacdyeT MPOBOJUTCS Kak MpPOBEPOYHbIX. T.e.
0 YK€ BEIOpaHHBIM OCHOBHBIM pa3MepaM U 0OMOTOYHBIM JAaHHBIM CTaTOpa U POTOpa.

Pacuer HHAYKTHBHBIX COIIpOTI/IBJIeHP[ﬁ H MOCTOAHHBIX BPEMEHHU

Bce HHIAYKTUBHBIC COIIPOTUBIICHHA, KaK IIpaBUJIO, PAaCCYHUTBHIBAIOTCA JJIsI HCHACBIIICHHOI'O
COCTOsIHUA MAIIMHBI, YTO CBA3aHO C OONBIINMU TCOPECTUUCCKUMU U PAaCYCTHBIMU TPYAHOCTAMU IIPpU
Y4€TC HACBIILICHHA. I/IH,HYKTI/IBHBIC COIMPOTHUBJICHHUA IIPUBOAATCA B OTHOCUTCIIBHBIX €AMHUIAX WU B
IIPOLCHTAXx.

Pacyer norepp u K.1.1.

Pacuer nmoteps B TypOOreHeparope Mpou3BOAUTHCS C LENbIO ONPEeAeIeHHS K.I1.4. MAlIUHbI U
HarpeBa ee aKTHUBHBIX YacTeil.

[Totepu B TypOoreHeparope IeisT Ha 3JIEKTPOMAarHUTHBIE U MeXaHHYeckne. MexaHnueckue
MOTEPU BO3HUKAIOT BCIEACTBHE TPEHHs BPAIIAIONIETOCs pOTOpa O ras, 3alOJHSIOMNUNA KOPIyC Ma-
[IMHBI, B MOIIUITHAKAX U HA BEHTUJISIUIO.

DNEeKTPOMArHUTHHIE MTOTEPU PA3JENSIIOT Ha OCHOBHBIC U 100aBouyHbIe. [1o1 OCHOBHBIMHU TTO-
HUMAIOT TOTEPH, BO3HUKAIOIIME B PE3y/IbTaTe MPOTEKAHUS OCHOBHBIX (PU3MUYECKUX IMPOIIECCOB B
MalMHe, 00ycIaBINBAIOIINX €r0 HOPMaIbHYI0 paboTy. ITO MOTEPH B aKTUBHOM CTajM, BHI3BAHHbBIE
nepeMarHi4MBaHUeM OT OCHOBHOT'O TIOTOKa M OMHUYECKHEe moTepu B oOMoTkax. K 1o6aBouHbIM OT-
HOCSIT MOTEpH, BhI3BAaHHBIC MOJSAMU paccesHus. [lomHbIe 3IIeKTpOMAarHUTHBIE MOTEPU MPU HOMH-
HAJIBHOW Harpy3ke Kak cyMma 3JEKTPOMAarHUTHBIX MOTEPb XOJOCTOTO XOJa U KOPOTKOTO 3aMbIKa-
Husl. VIckiroueHrne COCTaBIISIIOT MOTEPU HA BO30YKIEHUE, KOTOPhIE PACCUUTHIBAIOTCS MO TOKY BO3-
Oy»XJIeHUsl TPU HO HOMUHAIBHON Harpys3Ke.

Tennosoii pacuer TypOoreseparopa

TennoBoil pacuer TypOoreHepaTopa MpPOM3BOAUTCS C IENBIO ONPEACICHUS TeMIIEpaTypbl
00OMOTOK, a TaKk€ aKTUBHOW CTaJM cTaTopa, OOYKH pOTOpa, a MPH HEOOXOAMMOCTU OTIENbHBIX
KOHCTPYKTUBHBIX JI€Tajei, HeMOCPEACTBEHHO COMPUKACAIOLINXCS C U30JIALHEH OOMOTOK.

Typ6oreneparopsl npenHa3HavyalOTCs AJS HKCIUTyaTallud B MPOJOJKUTENBHBIX PeKUMAax C
Harpy3koi, 011M3Koil kK HoOMUHaIbHOU. Ileperpy3ku HMEIT MecTO NMPH OTKIOHEHMSIX B PeKUMax pa-
60Tl SHEeprocucteMsl. [ToaTroMy oT TypOoreHeparopa TpedyeTcs KpaTKOBpeMeHHas paboTa MpH Ta-
KUX neperpyskax. I1o3toMy TeruioBoll pacdeT MpOU3BOAUTCS Uil YCTAaHOBUBILETOCS COCTOSHMS,
KOI'ZIa BCE TEILIO, BBIIEIAIOLIEECS B MAIlIMHE, OTBOAMUTCS OXJaxkaarolen cpenou. Ilpu ycraHoBuB-
IIeMCSl COCTOSIHUU TeMmIlepaTypa 0OMOTOK HE JOJDKHA MPEBOCXOAUTH JOMYCTHUMBIX 3HAUEHUH s
JAHHOTO KJlacca M3oJsIuu. B TypOorenepaTopax oObIYHO MpUMEHseTcs Kiace u3onsiuu B. boib-
110€ 3HAYEHUE UMEET Pa3HOCTh TEMIIEPATYP MEXKAY PAa3INYHBIMU YacTSIMM MAIIMHBL. DTO CBSA3aHO C
TEM, YTO IPU PA3TUYHBIX TeMIIepaTypax pa3IUYHble YaCTH MALIMHBI OyIyT UMETh HEOJWHAKOBBIC
JIMHEUHBIE PACIIUPEHUS, YTO MOXKET IIPUBECTU K HEIOIYCTUMOMY HEPAaBHOMEPHOMY YIJIMHEHHIO
OTJIENIBHBIX 3JIEMEHTOB MAIIMHBI, COPUKACAIOIINXCS MEXKTYy COOOM.

Mexannuyeckuid pacuer

MexaHnyeckuii pacdeT POU3BOIUTCA C LEIIBIO ONIPEACIICHUS IPOYHOCTH Y3J10B MAILIMHBI.

[Ipu BpameHrH poTopa €ro MIEMEHThHI HarpyXaroTcs HEHTPOOSKHBIMU CHIIAMH COOCTBEHHO-
ro Beca U Beca YACPKUBAIOIIMX UMHU JI€TajIeH.



Jlji IpoBEepKU MPOYHOCTU KAXKIbIH M3TOTOBJICHHBIN POTOP MOJBEPraeTcsl UCIBITAHUIO MPU
MOBBIIICHHON CKOPOCTHU BpalieHus. Pacuer npousBoauTcs A HanboJjiee HarpyKEHHbIX B MEXaHHU-
YEeCKOM OTHOIIEHMHM OOYKM poTopa U OaHAaXKHOro y3na. [[is craTtopa NpOW3BOIUTCA pacyer
HA)XUMHBIX ILTUT, MaJbIEB, CTSHKHBIX pedep U GyHIaMeHTaIbHBIX OOJITOB.

Ha ocHoBaHMM pacyeTHBIX HANPSHKEHHUH U 3a11acoB MPOYHOCTH, YCTAHOBJICHHBIX MPAKTUKON
IEKTPOMAIIUHOCTPOCHHSI, MOKHO IIPOU3BECTU BHIOOP MEXaHMUYECKUX CBOWCTB JeTajeil reHepaTo-

pa.



3ajaHne HA KYPpCOBOM NPOEKT

No Tun ITapameTpsl TypOOTeHepaTopa
Ba | typborenera- | Pu Un. | Coso | KILJ| Nu |O.K3.| Wn NunyktuBnoe | Cucrema
pu TOpa MBr | kB O0/Mm COINPOTHUBJICHHUE oXJna-
aH- UH reHepaTopa KICHUS
Ta X'd. X”d. |cra| Po
0.e 0.e TOp | TOp
1 TI'B-300-2 | 300 20 0,85 98,7 | 3000 | 0,505 | 1,715 | 0,30 0,195 1 1
2 | TB®-63-2Y3 | 63 10,5 0,8 98,3 | 3000 | 0,539 | 1,93 0,27 0,15 3 2
3 | TBB-200-2A | 200 | 15,75 | 0,85 98,6 | 3000 | 0,51 1,66 0,27 0,18 5 2
4 | TBM-500-2 | 500 | 36,75 | 0,85 98,8 | 3000 | 0,44 1,65 0,38 0,268 6 5)
5 | TBB-1000-2 | 1000 | 24 0,9 98,75 | 3000 | 0,40 1,53 0,38 0,27 5 2
6 | TI'B-200-2M | 200 | 15,75 | 0,85 98,6 | 3000 | 0,555 | 1,73 0,31 0,204 5 1
7 TB®-120- 100 | 10,5 0,8 98,43 | 3000 | 0,563 | 1,90 | 0,278 | 0,192 2 2
2V3
8 | TBB-1000-4 | 1000 | 24 0,9 98,7 | 1500 | 0,45 1,54 0,45 0,32 5 2
9 TI'B-500-2 | 500 20 0,85 | 98,83 | 3000 | 0,44 165 | 0,373 | 0,243 5 5
10 | TBB-160-2E | 160 18 0,85 98,5 | 3000 | 0,459 1,7 0,33 0,22 5 2
11 | TBB-320-2 | 300 20 0,85 98,6 | 3000 | 0,62 1,7 0,26 0,17 5 2
12 TB®-110- 110 | 10,5 0,8 98,5 | 3000 | 0,544 1,9 0,271 | 0,189 3 2
2EVY3
13 | TI'B-500-4 | 500 20 0,85 98,8 | 1500 | 0,50 1,87 | 0,398 | 0,268 5 5
14 | TBB-1200-2 | 1200 | 24 0,9 98,8 | 3000 | 0,45 1,5 0,36 0,25 5 2
15 | TBM-300-2 | 300 20 0,85 98,8 | 3000 | 0,494 1,7 0,352 | 0,204 6 5
16 TB®-63- 63 10,5 0,8 98,34 | 3000 | 0,502 | 1,88 | 0,296 | 0,195 3 2
2EVY3
17 | TBB-500-2 | 500 20 0,85 98,7 | 3000 | 0,442 | 1,63 0,36 0,24 5 2
18 | TBB-800-2 | 800 24 0,9 98,75 | 3000 | 0,476 | 1,56 0,31 0,22 5 2
19 | TB®-63-2Y3 | 63 6,3 0,8 98,3 | 3000 | 0,539 | 1,93 0,27 0,15 3 2
20 TB®-63- 63 6,3 0,8 98,34 | 3000 | 0,502 | 1,88 | 0,296 | 0,195 3 2
2EVY3
IIngp cucreMsbl 0XJ12:KICHUA OxJaaxnenne

1 HenocpenctBeHHOE BOIOPOIHOE

2 HemnocpencreenHoe popcupoBaHHOE BOAOPO/I-
HOE

3 KocBenHoe BogopoaHoe

4 KocBenHoe Bo3ayniHoe

5 HemnocpencTBeHHoe BosisiHOE

6 HemnocpencrBeHHOe MacisiHOE




