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METOA, YYETA OCTATOYHbIX TEXHOTOTUYECKUX
HAMPSXXEHUWA NPU MOAENNPOBAHUMN
HANPAXEHHO-AE®OPMUPOBAHHOIO COCTOAHUA AUCKA

XKENE3HOAOPOXHOIO KOJIECA. COOBLIJ,EHME 2
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AHHOmMayus. AxTyaspHasi 3a/1a4a MOBBIIEHHS YKCILTyaTallHOHHOIO Pecypca INTaMIOBaHHO-KaTaHbIX JKEI€3HOI0POXKHBIX KOJIEC SBIIACTCS KOMIIIEKC-
HOH npobnemoid. CyIecTBeHHOE BIMSHUE HA HANPSHKEHHO-Ie(hOPMUPOBAHHOE COCTOSIHHE KOJIECa B LIETIOM H €T0 JHUCKA B YJACTHOCTH OKA3bIBAIOT
OCTATOYHbIE TEXHOJIOTMYECKUE HAINPSIKEHHUS, TIONHOCTBIO YCTPAHUTh KOTOPBIE HEBO3MOXKHO. Ha pasinyHbIX cTaguax oOpabOTKH YEpPHOBBIX KO-
JIEC TI0JIE€ OCTATOYHBIX HAIPSKEHUH HETIPEPBIBHO MEHAETCS. DTO 3aTPyIHSAET y4eT OCTATOYHBIX HANPSKEHHH B MPOYHOCTHBIX pacueTax Kojec.
B coobmennn 1 Hacrosimiel paboThl NPEAI0KEH METOJ| ydeTa OCTaTOYHBIX TEXHOJOIMYECKUX HANPSHKEHUH, CYIIHOCTh KOTOPOTO 3aKJIF04aeTCs
B 33IaHUH TIPU MOJICITUPOBAHUH BEIMYHMHBI HATATa MEXKILY CTYIHUIECH U 0CbI0 Oonblie (hakTnaeckoid. Takoil oaxo MO3BOIII MOYYUTh B KOJIECEe
JIOTIONHUTENIBHBIC HANPSKEHHUs, KOTOPhIE aJIEKBATHO OTPAXKAIOT BIMSHHE OCTATOYHBIX TEXHOJIOTMYECKUX HaNpsbkeHWH. B naHHOM yacTH paboThI
BBITIOJTHEHA IIPAKTHYECKAs peall3alis pa3paboTaHHOTO METO/A U OLICHKA CTCIICHH BIIMSHUS OCTATOYHBIX TEXHOJIOIMYCCKUX HANPSDKCHUH Ha Ha-
HPSKEHHO-1e(pOPMHUPOBAHHOE COCTOSIHME JMCKA Kojeca IpH JeHCTBUH KCILTYaTallHOHHBIX HAarpy3oK. IIpuMeHHTEeIbHO K KOHCTPYKIUH Koleca
nmuaMetpoM 957 MM ¢ mrockokoHndeckuM auckoM (FOCT 10791 — 2011) BBIIONHEHBI pacdeThl HANPSKEHHO-Ae(OPMUPOBAHHOTO COCTOSHUS
JIUCKa TP ISHCTBUY MEXaHMUYECKHX BHUIOB Harpy3ku. Peann3oBaHHOE IPU pacyeTax yBEIWYEHHE HATsIra MEXIy CTYIHIEH 1 ockio Ha 60 % mo3-
BOJIMJIO YCTAHOBHTb, YTO HAJIMUME B KOJIECE OCTATOYHBIX TEXHOIOIMUECKUX HAPSIKEHUI BBI3BIBAET MOBBIMIEHNE HAa 5 — 38 % MaKCUMAaJIbHBIX 9K-
BUBAJICHTHBIX HAIPSKEHUH B Hanbosiee HAarpyKEHHbIX IIPU dKCIUTyaTalluy 30HaX Aucka. Takum oOpa3oM, mpearaeMplii METOJL y4eTa OCTaTOYHBIX
TEXHOJIOTHYECKHUX HAIPSHKCHUH O3BOJIACT MOIyYHTh BEPXHIOIO OIICHKY IPOYHOCTHBIX XapaKTEPUCTHK KOJIEC, 4, CIICI0BATENIbHO, O0Iee aJieKBaTHO
IPOTHO3UPOBATH CPOK MX IKCILTyaTalllH.

Kniouesule c108a: xene3H010p0XKHOE KOIIECO, HAMPSHKEHHO-1e(hOPMUPOBAHHOE COCTOSHUE, IKCILTYaTAlMOHHBIE HAIPY3KH, KOHEUHO-3JIEMEHTHOE MOJie-
JIMPOBAHNE, HATIPSDKCHUS B JIICKE, OCTATOYHBIC HANIPSDKEHUS, HATAT MEKTy CTYIHIICH M OCBIO, IUCK Kolleca
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Abstract. The actual problem of increasing the service life of stamped-rolled railway wheels is a complex problem. Residual technological stresses, which
cannot be completely eliminated, have a significant effect on the stress-strain state of the wheel as a whole and its disk in particular. At different stages
of roughing wheels machining, the residual stress field is continuously changing. This makes it difficult to take into account the residual stresses in the
wheels strength calculations. In Report 1 of this work, an accounting method for residual technological stresses was proposed, the essence of which is
to set the value of interference between hub and axle when modeling is greater than the actual one. This approach made it possible to obtain additional
stresses in the wheel, which adequately reflect the effect of residual technological stresses. In this part of the work, the authors have carried out
practical implementation of the developed method and assessment of the degree of residual technological stresses influence on stress-strain state of the
wheel disk under the action of operational loads. With regard to the design of a 957 mm diameter wheel with a flat-conical disk (GOST 10791 — 2011),
calculations of stress-strain state of the disk under the action of mechanical types of load have been performed. The 60 % increase in the interference
between hub and axle realized in the calculations made it possible to establish that the presence of residual technological stresses in the wheel causes
an increase of 5 — 38 % in maximum equivalent stresses in the disk zones most loaded during operation. Thus, the proposed method for residual
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technological stresses accounting allows obtaining an upper estimate of the wheels strength characteristics, and, therefore, more adequately predicting

their service life.
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- BBEAEHUE

AKTyanbHasi 3ajjada MOBBILIEHUS OSKCIUIyaTalMOHHO-
ro pecypca IITAMIIOBAaHHO-KATAHBIX >KEIE3HOAOPOKHBIX
KOJIEC SIBIISIETCSl KOMIUIEKCHOW Tnipobiemoit [1 — 13]. Ee
yCIIEIHOE pelleHne TpedyeT yueTra mapameTpoB, onpere-
JSIOIUX yCIIOBUS dKCIUTyaTanuu xonec [2, 4, 5, 11], xapak-
TEPUCTUKU KOHCTPYKIMH [14 —26], a Taxke TEXHOJIOTHIO
npousBojcTBa [24, 25, 27 — 32].

W3BectHO, 4TO (popMa M pa3sMepsl AUCKOB KOJEC BO
MHOIOM OHPEAENSAIOT UX KECTKOCTb B OCEBOM U pajualib-
HOM HanpaBJICHUH, MACCy, a TAK)KEe TIOKa3aTeNId HaMpsHKeH-
HO-neopmupoBanHoro coctosiaust (HJC) mpu gevictBumn
9KCIITyaTallMOHHBIX HArpy3ok [14 — 26].

Taxxe M3BeCTHO, UTO cyliecTBeHHoe BiusiHre Ha HJIC
KoJieca B LIEJIOM M €ro JUCKa B YAaCTHOCTU OKAa3bIBAIOT
OCTaTOYHbIE TeXHOJIOTWYeckue Hampspkenus [12, 13, 21,
24, 25]. JlaHHble HanpsHKEHUs, BO-TIEPBBIX, BCETJa UMEIOT
MEeCTO B YHMCTOBBIX Kojecax [31, 32]. Bo-Bropsix, Ha pas-
JUYHBIX CTAQAUSAX 0OpabOTKU YEPHOBBIX KOJIEC MOJIE OCTa-
TOYHBIX HAIPSDKEHUH TakKe HENPEPBIBHO MEHseTCs. DTO
B 3HAYUTEJILHOM CTEIICHU 3aTPYAHACT YYCT OCTATOYHBIX
HaNpsHKEHUH B MPOYHOCTHBIX pacyeTax KOJeC U OLIEHKY UX
9KCIUTyaTallMOHHOTO pecypca, Tak KaK MHOTOCTaJHiHOE
MOJICTIMPOBAHKE TIOJISI OCTaTOYHBIX HANpPsDKCHHN TpeOyer
yueTa OYeHb HIMPOKOT0 Habopa MaTeMaTHYEeCKUX MOJeNeH
u napametpoB [21, 24, 28 —30]. Onm, B cBOIO ouepenp,
OIIpENENIAI0T CBOWCTBA MaTepualla, OKPYXKAIOLIEH cpelbl
U peXUMBI 00pabOTKH YepHOBOTO KoJieca B IPOIECCE €To
OCTBbIBaHHs IIOCJIC HpeCCOHpOKaTHOﬁ JIMHUW U IpU 110CJIe-
JOYIOLIUX OTAENOUYHbIX onepauusax. [loaroMmy Takoil moaxon
HE MOJYYHJI HIMPOKOTO PACIIPOCTPAHEHHUSI HU B COOTBETCT-
BYIOILIEW HOPMATUBHOM JOKYMEHTALUH, HU B MHKEHEPHOU
MPAKTHKE MPOYHOCTHBIX PACUETOB KOJEC.

B coobmiennn 1 HacTosimerd paboThl MPEIOKEH METON
yd€Ta OCTAaTOYHbIX TEXHOJIOTMYCCKUX Hal'[pﬂ)KCHHﬁ, Cyul-
HOCTb KOTOPOIO 3aKJIIOYaeTCsl B 3a/laHUU IIPU pacyere Be-
JWYMHBI HATsITa MEXIY CTYMHLEH U OCblo Oomblie (hakTu-
yeckod. JlaHHast gacTh paOOTHI TOCBSIICHA MPAKTHYCCKON
peanmzaiyu pa3paboTaHHOTO METO/IA U OLICHKE CTETICHH BIIU-
SIHASI OCTATOYHBIX TeXHOJMOTHYecknx Hampspkernnid Ha HJ[C
JIICKa Kojleca MpU ACHCTBUM SKCIUTyaTal[MOHHBIX HATPY30K.

I METOAMKA NCCAEAOBAHMA

Jns anannsa BeIOpaHa KOHCTPYKIMS KoJeca JHaMeT-
poM 957 MM ¢ IUIOCKOKOHHYECKUM JAuckoM [33], koTopoe
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JI0 CUX IOP LIMPOKO MCIIONIB3YETCs Ha JKEJIe3HBIX J0porax
crpan CHI™ u Hanbosee XopoIo u3ydeHo.

Anamu3 HJIC xoneca mpoBefieH MyTeM KOHEYHO-3Je-
MeHTHOro MonenupoBanusi B cucteme DEFORM 3D. Bri-
MIOJTHEHO pelleHne 00beMHOM 3a1auu i 1/2 yacTu koseca.
Pa3zmep pebep KOHEUHBIX AJIEMEHTOB HAXOIWJICS B JHAIa-
30He 1,5 —4,5 MM, 9TO MO3BOJIMIIO a/I€KBATHO OIMUCATh Ie-
oMmeTpuio Kojeca u HepaBHoMepHOCTh ero HJIC. B kaue-
ctBe Marepuana u3 6ubnuoreku DEFORM 3D BroiOpana
BBICOKOyTJIeponucTast cranb: Monynas HOmra — 210 I'Tla;
ko3 dunment [lyaccona — 0,3. Tum o0bekTa — ynpyruid.

W3BecTHO, YTO KOJeca C IIOCKOKOHHYECKHM [FICKOM
MIpeJHa3HaYeHbl JUIsl SKCIUIyaTalluy IIPH OCEBOM Harpyske
1o 23,5 ¢ [33]. BmecTe ¢ Tem, mpu dKCIUTyaTalliy TaKue
KoJleca 4YacTo TIOABEPraloTCcs IMeperpy3kaMm, COOTBETCT-
ByIOIIMM Harpy3ke Ha och 10 30 tc [20]. B cBsizu ¢ atum
UCHOJIb3yEMbIE NPU MOJIEIUPOBAHUH BEJIMYUHBI CHJI, Hall-
JICHHBIC 110 MeTOomMKe [34], COOTBETCTBOBAIM OCEBHIM Ha-
rpy3kam 0 25 Tc.

PacueTsl BBITTOTHEHBI U TPEX OCHOBHBIX CXEM Harpy-
xenusd [34].

Cxema [ mpemycmaTpuBaeT OJHOBPEMEHHOE JIEHCTBUE
U BEPTUKAJIbHOW, ¥ TOPU30HTAILHOW CHJI, NEHCTBYIOIINX
B 30HE TpeOHs ¢ HAPY)KHOM CTOpOHBI KoJieca. JlaHHas cxe-
Ma XapakTepusyeT Haubosee HeOIaronpusTHBIA BHJ JKC-
TUTyaTalldOHHOW HAarpy3KH, KOTOPBIM HaOIrOmaeTcs IpH
JIBUKEHUH KOJIECHOW Maphl [0 KPUBOM.

Cxema 2 mpemycMaTpuBaeT IEHCTBUE BEPTHKAIBHOU
Harpy3ku, OpUIOKEHHOH B Kpyre KaTaHHs, YTO COOTBET-
CTBYET IBIDKCHUIO KOJECHOH Maphl IO MPSIMOMY YYacTKY
MyTH.

Cxema 3 mpemycMaTpuBaeT IEHCTBUE BEPTHKAIHHOU
Harpy3kyl Ha BHELIHIOIO (IIOJIEBYIO) YacTh MOBEPXHOCTH
KaTaHus 000/1a. JTa cXeMa COOTBETCTBYET BIJISTHHIO KOJIEC-
HOIi TIapbl WJIH €€ IBHKEHHUIO M0 KPUBOU.

Pacuernble 3HaUEHNST BEPTUKATLHON U TOPU30HTAIBHON
Harpy30K COCTaBUJIM COOTBETCTBEHHO 249,2 u 76,7 kH.

PacueTs! BBITIOIHEHBI C YI€TOM MAaKCHMAaIbHO BO3MOX-
HOI mepeTouku obona 70 Juamerpa MO Kpyry KaTaHus,
paBHOrO 860 MM (IpyrHe pa3mMepsl Kojieca COOTBETCTBOBA-
JI1 HOMUHAJBHBIM). /IlnameTp oTBepCTHs CTYIHLIBI B pacye-
Tax ObLI paBeH 190 MM.

VY4er npu MOIENUPOBAHUM OCTATOYHBIX TEXHOJIOTHYE-
CKUX HaNpPsDKCHUN BBITTOJIHEH MYTEM YBEJINYCHHS BEIIHIH-
HBI HaTsSra MeXJy cTynuuei u oceio Ha 60 % (¢ 0,25 no
0,4 MM Ha muametp). Kak Ob10 moka3aHo B cooOmeHnn 1
HacTosIel paboThl, 3TO MO3BOJSIET CO3JaTh B MOJEIHU KO-
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Jieca JIOTOJIHUTENbHBIC HAMpPsDKEHUs, aJeKBaTHO OTpaXka-
IOIIHE BIMSHUE OCTATOYHBIX TEXHOJOTHUECKUX HarpshKe-
Huit Ha HJIC nucka. Tak, 1 koneca auamerpom 957 mm
C IJIOCKOKOHMYECKUM JTUCKOM OTHOCHTEIBHBIE OTKIIOHE-
HUSl pacUeTHBIX 3HAYEHHH pPaJUalibHBIX HAMNPSIKEHUH OT
JKCIIepUMEHTaJIbHBIX [16] He npeBbicunu 14 %.

[ PE3YNLTATBI UCCNEAOBAHMA

Pesynsrarel monenupoBanuss HJIC xomeca 6e3 yue-
Ta BIMSHHUS OCTaTOYHBIX TEXHOJIIOTMYECKUX HAIpsIKCHUH
(HaTsr Mexay crynuuei u ocbto 0,25 MM) MpeacTaBIeHbI
B Tab:. 1. Pesynbrarel Mogenupoanust HIC komneca ¢ yue-

TOM BJIMSTHHSI OCTATOYHBIX TEXHOJOTMYCCKHUX HAIPSIKCHUI
(3a cuer yBenmuenus: Harsara g0 0,4 MM) TpeaCTaBICHBI
Tabm. 2.

B Tabm. 1, 2 B ckoOKax JIOMOJHUTEIHHO YKa3aHbl 3HAUC-
HUS PaJINyCOB, XapaKTEPHU3YIOLIHE MECTOTIONOKEHHSI TOUEK
Ha TTUCKE, B KOTOPHIX JNCHCTBYIOT MaKCHMAallbHBIC dKBHBA-
JICHTHBIE HaNpsKeHue 1o Musecy.

Kaxk nmoka3sIBacT cpaBHUTENBHBIN aHATIH3 TaHHBIX, pac-
yer HJIC koneca 06e3 yuyeTa BIUSHHUS OCTATOUHBIX TEXHO-
JOTUYECKUX HarpspkeHuid (tabm. 1, 2) maeT 3aHmKeHHBIC
Ha 5—38 % BeMUYMHBI MaKCUMaJbHBIX DKBHBAJICHTHBIX
HANpsDKCHUH B 30HAX OyT IO 000JOM W Hal CTyNMHUICH
C BHYTPEHHEH CTOPOHBI KoJIeca (CM. PHCYHOK).

Ta6numnma 1
MaxkcuMaJibHble JKBUBAJEHTHbIE HANPSKEHNS B IUCKe KoJleca NMPH JeficTBUN
MeXaHMYeCKHUX IKCIIYaTAIHOHHBIX HATPY30K 0€3 yueTa BJUSHUS OCTATOYHBIX
TeXHOJIOTMYeCKUX HATPSIKeHU I
Table 1. Maximum equivalent stresses in the wheel disk under the action of mechanical operating
loads without taking into account the effect of residual technological stresses
O6nactb fucka
Cropona koneca »
B 30HE Ayru Haj crynuuei, MIla ‘ B 30He ayru oz oboxom, MIla
Harpy3ka no cxeme /
Hapyxnas 152 (R171 mm) 149 (R343 mm)
BuyTpHHSss 437 (R172 mm) 399 (R350 mm)
Harpy3ka no cxeme 2
HapyxHast 198 (R189 mm) 111 (R376 Mm)
BryTpHHSISL 114 (R186 mm) 148 (R350 mm)
Harpyska no cxeme 3
Hapyxnas 202 (R189 mm) 257 (R402 mm)
BayrpuHSst 132 (R146Mm) 85 (R346 mm)
Tabnuma 2

MakcumaJjibHble JKBUBAJIEHTHbIE HaNps>KEHUS B JUCKE KoJieca Ipu JefiCTBUY MeXaHUYEeCKUX
IKCIUVIYaTAIMOHHBIX HArPY30K € YHYETOM BJIUAHUA OCTATOYHBIX TEXHOJOIHICCKUX Hal'lpﬂ)ReHl/Iﬁ

Table 2. Maximum equivalent stresses in the wheel disk under the action of mechanical operating
loads taking into account the influence of residual technological stresses

Oo6mnacTp 1ucka
CropoHa koneca
B 30HE Ayru Haj crynuuen, MIla ‘ B 30HE Jyru mox oboxom, MIla
Harpyska no cxeme /
Hapyxnas 152 (R171 mm) 155 (R343 mm)
BayTtpaHSISK 457 (R172 mm) 417 (R350 mm)
Harpy3ka no cxeme 2
Hapyxnast 260 (R189 mm) 107 (R376 mm)
BuyTpHHSs 158 (R183 mm) 162 (R350 mm)
Harpy3ka no cxeme 3
HapyxHast 265 (R184 mm) 239 (R394 mm)
BuyTpHHAA 167 (R183mm) 98 (R345 mm)
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Hanpsoicenue,
Mlla
475

432
389
345
302
259
216
173
130
86,4

43,2

Pe3yJ'II>TaTI>I pacueTa SKBUBAJICHTHBIX Hal'[pﬂ)KCHPIi/II B JIUCKE, MOJYYEHHBIC IIPU HATPYKEHUU KOJIECa 110 CXEME 1
C YYE€TOM BIUAHUA OCTATOYHBIX TEXHOJIOTUYECKUX Hanpsmceﬁnﬁ

Results of calculating the equivalent stresses in the disk, obtained when the wheel is loaded according to scheme /
taking into account the influence of residual technological stresses

Crienyer 0OpaTuTh BHUMAaHHUE, YTO JAHHBIA (DAKT UMEeT
MECTO B HanOOJIee OMACHBIX 30HAX /INCKA, B KOTOPBIX MPH IKC-
IUTyaTallid B TIEPBYIO O4EpEib 3apOXKJIAIOTCS YCTaJOCTHBIC
TPELMHbL. DTO, OYEBHIIHO, HE CIOCOOCTBYET MOBBIIICHUIO
TOYHOCTH MPOTHO32 MPOYHOCTHBIX XapaKTEPUCTHK KOJIEC.

- BbiBOAbI

BrimonHeHa npakTUdecKas peaau3anus pa3padoTaHHO-
IO METOJIa yYeTa OCTaTOYHbIX TeXHOJOTHUYECKHUX HallpshKe-
HUW TpU pacyerax HarpsKeHHO-1e(OpMUPOBAaHHOTO CO-
CTOSTHUSI TUCKA YKEJIE3HOJOPOKHOI0 KoJieca.

[IpuMeHNTENEHO K KOHCTPYKIIMH KOJeca TUaMeTpOM
957 MM ¢ mockokormueckumM rckoM (TOCT 10791 —2011)

BBIIIOJIHEHBl  PACUYEThl HAMPSHKCHHO-E()OPMUPOBAHHO-
IO COCTOSIHHS JTUCKA TNPHU JCHCTBUM MEXaHWYCCKUX BH-
JIOB JKCIUTyaTallMOHHOW Harpy3ku. Peanm3oBaHHOE mpu
pacderax yBEJIMUYCHHE HATATA MEXIY CTYIUICH W OChIO
Ha 60 % MO3BOJIUIIO YCTAaHOBUTH, YTO HAJUYHUE B KoJiece
OCTATOYHBIX TEXHOJIOTHYECKHX HAIMPSIKCHUH BBI3bIBACT
noBeIIIEHHE Ha 5 — 38 % MaKCHMaJIbHBIX 9KBHBAJIEHTHBIX
HanpsDKEHUH B HanOoJiee HATrpYKEHHBIX TPU dKCIUTyaTa-
LMK 30HAX JUCKA.

Takum 00pa3zom, MperaraeMbelii METOJT ydeTa 0CTaTou-
HBIX TEXHOJOTMYCCKHUX HAMPSDKCHUH MO3BOJISET TONYYUTh
BEPXHIOIO OIEHKY MPOYHOCTHBIX XapaKTEPHCTHK KOJIec,
a, CIIeZI0BATeNIbHO, 00JIee aIeKBaTHO MPOTHO3UPOBATH CPOK
WX JKCIUTyaTallHH.
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