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HO. Munpayc

OLIIHKA KOE®ILIEHTIB

[ouenT, xang. TexH. Hayk,
TepHONinbLCHKMA AePaBHRH
TeXHiYHUA yHiBEPCUTET
iMeHi Isana lNynos,

M. TepHonin.

I. Cynum

Mpodecop, 4-p di3.-MmaT. Hayk,
NeBiBCbKKA HALIOHANBHWA
YHIBEPCUTET iMeHi

iBaHa PpaHKa

IHTEHCUBHOCTI HAIMPY>XXEHb HA
®POHTI NIBENINTUYHOI TPILWWMHK
OCI KONICHOI NAPU
ENEKTPOMOTArA

Mertogom cxinveHHHX eAeMeHTIB OLIHEHO KOe®IUIEHTH IHTCHCHBHOCTI HAallpyMeHb Ta

ONPAaBKOBI (OVHKUII B HAHTAHOIIIE Ta IIPHITOBEPXHEBIH TOYKaX (PPOHTY MIBEAINTHINOI

TPIHEH KoAICHOI napw eaextponordara. | lopisrarns sarexmpocreri nonpaskosax QyHKUIN

O. AcHin

ANA POBPAXVHKY OCI KOAICHOI NAPH 3 [TOBEPXHEBOFO IIBEAITTHYHOIO TPIIIHHOM BLY BIJHOCHO)

raubuan, orpumanux MCE, 3 Alreparypuumu JaHEMH JAA LHAHAPHIHOTO CTOHXHA 3

AcnipaHT,

TepHoninbChknn fepxapHiit
TeXHIMHWA yHiBepcUuTeT
imeni Isana lynios,

M. TepHonine

Oci KOJNICHUX Nap PyXOMOTro CKIaay 3al3HHYHOIO TPaHC-
[OPTY pO3paxoBaHi Ha TPHBAJIMH TePMIH eKcIUTyarallil. [Ipore
BI1IOM1 BHTTAIKH LIIKOBHTOIO pyHHYBaHHA 0CEH 3aTI3HHUHOIO
TPAHCIIOPTY, AK1 06yMoBAcH! AedeKTaMHU, L0 BHHUKAIOTE Mij
4ac ekcnnyatauii 1 CHpUYMHAIOTE POIBUTOK TPILIUH A0
KPUTHYHMX po3MmipiB {1, 2] 3 noaanpiiuM J0/1aMIIOBAHHAM.
e Bumarae BeMKOl yBarn A0 aHa i3y UpOro sBUIla Ta 3/ii-
CHEHHS HOAATKOBHUX ROCALIKEHb, CIIPAMOBAHHUX HAa MiJBH-
[eHHA BIpOTIAHOCTI OUIHKHM BTOMHOI JOBroBIYHOCTI Ta
KMBYYOCTI OCeil, a TAKOX BU3HAYEHHA (HTEPBaJiB MDK iHCTIEK-
LiIAHUMH NepeBipKaMH,

JJid OUIHKH XHBYYOCTI IHXECHEPHHUX KOHCTPYKLUIH,
30KpeMa, H ocelt KOJMICHUX T1ap, €PEeKTHBHO BEKOPUCTOBYIOThH
MIOXOAH AIHIRHOT MeXaHIkK pyiHyBaHHA [3, 4]. Binomo, 1o
eKcIuTyaTauifiii aedexTH y UMiHAPHYHHX TiNaxX, 30KpeMa, B
OCAX KONICHHX Nap 3afi3HUYHOrO TPAHCHOPTY, ACBOJI1 YAaCTO
Ha0yBalTh GOpPMH MOBEPXHEBHX MiBENINTHUYHHX TPIiUIUH
HE3AJIEXKHO BiJ GOPMH MOHATKOBOIO MIOBEPXHEBOro AeeKTy

HIBEAINTHYHONK NOBEPXHEBOK TOIUIHHOG 3a YHCTOrC SrHHY CBIJ9HTD, QIO HEBPAXYBAHHA
PEAABHOI FEOMETPIl OCI T8 OCOBAHBOCTEH CXEMH HABAHTANKEHHA A€ ICTOTHI NOXHOKH HPH
OLIHUI TOIPaBKOBOI (PVHKLII.

xkoedilieHT IHTeHCUBHOCTI Hanpyxexb, MCE, nisenintuuna tpimuHa, Bichb KOnicHoOl
napm, enekTponorar

[4]. OaH¥UM 3 OCHOBHHUX PO3PAXYHKOBUX NapaMerTpiB, AKI
HalOTh MOXKIMBICTHG KUJIBKICHO ONHUCATH PICT BTOMHHX
TPILMHHY, € K0e(DILIEHT IHTEHCUBHOCTI HanpyxeHs (KIH).

Tomy And OpOrHO3yBaHHA 3aTMIIKOBOIO pecypcCy Takux
KOHCTPYKIIH 3 TPIllMHOK NOTPIOHO AKOMOTra TOUHIIlIE OLIHH-
TH KIH, BpaxoByioum mnpHd uUpOMY peallbHy CXeMYy HaBaHTa-
*eHHs, s 6aratbOX THIIOBHX KOHCTPYKUIMHHX €JIEMEHTIR
BXX€ 3AIHCHEHO I'PYHTOBHI TEOPETUYHI # YHCIOBI pO3paxyHKH
KIH 1 Ha iXHifl OCHOBI po3p0o0iaeH0 CTaHAAPTH PO3PAXYHKY
LUX eJIeMEHTIB Ha MINHICTE. Oadak noaibHiI HabnHxeH!
aHaNITHYH1 # YMCNOBI PO3B’S3KH 1A CX1AYACTHX OCEH
HUTIHAPHYHOT POPMU 3 NOBEPXHEBUMH TPILUMHAMH BiACYTHI.
e o0ymoBmoe Haranbyy notpedy onpaljoBaHHA BiANOBIHOT
METOAHKH 3OIMCHEHHSA TAaKHX PO3paxYHKIB M KOXKHOTO
KOHKPETHOrO BHIIAAKY.

HalinpuaaTHIIIHM 171 OLIHKH HAMPYXKEHO-IedOopMO-
BAaHOTO CTAHY CKAAIHMX HABAHTAXKEHHX KOHCTPYKUIHA €
TPUBUMIPHE CKIHYECHHOEICMEHTHE MOAEIOBaHHA. Meron
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Puc. 1. Bics konicHOT napm 3anis#MYHOro Tpaxvcnopry

CKIHYEHHHX €JIEMEHTIB € MPAMHM YHCIOBHUM METONOM
po3paxyHky KIH ana tin 3 tpimtnnamu (3, 6], mo nOae
MOKJIMBICTE BpaxXyBaTH CKJAaZHUH MPOCTOPOBHI pO3MNOALT
HanpyxeHsb 1 aepopMaiiiii.

Lla npaus crocyverhes ruzHaueHHa KIH y Halixapakrep-
HIIIHX ToUkax (PpOHTY MOBEPXHEBOI NMIBEAINTHYHOT TPILUHHA
HaiiHeOe3neuHiIoro nepepizy oci KOJICHOI NapH METOAOM
TPHUBHUMIPHOrO CKIHY€HHOCIEMEHTHOIO MOIEIFOBAHHA.

Monemwosanua MCE. Ecki3 cxigdacTol ocl KOAICHOI
napu eaexrporotiara 300paxeHo Ha pyc. 1. Hanpyxkeno-
nedopmosanr# crad i KIH obumucniosann MeTOOM CKiH-
YEeHHUX ENIEMEHTIB 3 BHKOPHCTAHHAM NPOrpaMHOro KOMII-
nekcy ANSYS y npyxHIH HOCTaHOBL, BHKOPHCTOBYIOUH
MEeTOA iTepalliii AAA po3paxyHKy npupocty aedopmatiii i
Mepepo3noaiNly nons Hanpy>XeHb Y BICTpPI TPIIUWUHHU 31
30UIbIIEHHAM HaBaHTAXKCHHA.

HapaHtaxxenHa Ha Oykcy BBaxkanu piBHuMm =260 kH.
Moaynes npyxsHocti £=2-10° Mlla, xoedinient IlyacoHa
v=0,3. Posranany niseNinTHYHY TPULUMHY 3 BIAHOMEHHAM
niBoce#t a‘c = 0,4 (puc. 2).

Imubuny TpiiuH g subupanu pisdoro 0.5, 1,0, 3,0, 8.0,
16,0 1 32,0 mMm. {iameTp D ocCi B MiCLi pO3TallyBaHHA TPi-
[#MHH J0piBHIORaB 129.5 MM, BpaxyBaHHa CUMETPIT 0C1 Jai0
MOXJIMBICTE Y PO3PAaxXyHKOBIH CXEMI1 3a/1a4i BUKOPUCTATH
PO3GUTTS MIIIE YETBEPTHHN KOIICHOT NapH pa3oM 3 GyKcoo
i konecoM (pHc. 3). Koneco ofmexyBaiy B mepeMilleHHAX
y310BXK ocert X Tta Y.

Jing nobynoen Mojeni BUOpano TPUBUMIPHUH CKIHUEHHNH
eixemenT SOLID9S5 3 apanusreMa By3siaMu (Y TOMY HMCi #
npoMibKHUMH). Bin Moxe HabGyBaTu npHU3MaTH4HOI, nipami-
AanbHOI T2 TeTpaeapanbHOl popM. Hanpyxerno-aedopmo-
BaHu#i ctan (HJC) 1 KIH Tpiivau Ha ocCi KONICHOT apu
PO3PAXORYBANH Y HaliHebe3NeUHIMIOMY IIEpepizi, e TpilluuHU
HalH4acTlie BUHMKAIOTE — Y MICLI NePEXOAY BIA LHJIIHJI-
PHYHO! YaCTHHH oCi BlamerpoM 130 MM fo ranrteni 3 nepexia-
HUMH paiiycamu 25 ta 35 MM -— y MicL, sike 30iracToca 3
TOPHEM OIILUNITHHKA (IUB. pHC. 1).

i
e T

Puc. 2. Uuninap 3 nopepxHeBow0 niBeNiNnTUYHOKW TRILIUHOKW

RLEMENTS
MAT NUH

Puc. 3. CkinyeHHOBNeMeHTHA MOAESNL OCI KOSIICHOT Napu BaroHa
eneKTponoTara 3 6yxcorw i Konecom

Puc. 4. PparmeHt po3burya obnacti Ha ckiHueHHi enremeHT! B
okoni HanunebesnevyHiworo nepepisy

IIns momemoBanHa i pospaxyuky HJC sictpa nigemin-
THYHO! TPII{UHH 3aCTOCOBYBa/IM ynopsaAkoBaHy (mapped
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: e e _ raareni oci Npu HaBaHTaxceHHi Ha Oykcy 260 xH p HaiiHe6e3-
NODAL SOLUESON g R NeuHIMOMY Mepepisi (MIOWHHI FIMOTETHYHOT TPIlUHH)

BTREw]

w e o — S B nopieHIOOTE 152 MIa, o B 1,4 pasu Ginbmie, HiX Ha POTH-

TIME®]

JIeHOMY Kparo rajateni.

Po3noain HOpMajisHUX Hanpy)KeHb B3XOBX NOBEPXHi
rajgTenai 474 pisHOro HaBaHTakeHHs Ha OyKCy 306paxeHo Ha
puc. 7. Ha puc. 8 306paskeno po3noais HOpMaJbHHX HATIpY-
KEHb Y HaliruOwwii Tounti (Touka A, puc. 2) GpoHTY TpiiUHH
3aBraUOmKy 16 MM.

IlonpaskoBy ¢yHKIi0 ¥ po3paxoryBany 3a ¢opMyIow0

Y = Kf {0y /na), )

e O, — HOpPMaNbHI OpYTTO-HANIPYKEHHA B MIiCLU TPIHLIIHA.

3anexHiCTh Momnpaskoroi GyHkuii Y, ana HalrmGmoi
TOYKH A (AHB. pHC. 2) Bit BIAHOWEHHS A = a/ D 306paxeHo
Puc. 5. Posnogin HopMansHux HanpyxeHb Ha nosepxHiranteni  Ha puc. 9. TyT Bino6pa)XeHO TaKoX anpoKCHMaLilo

3a cunm 260 kH Ha Oyxcy koneca - OTPHMaHNX PEe3YJILTATIB [TOJIHOMOM TPETHOI'O CTENEHS

Y, =0,854-6,027A+27,8390% -44,2902°.  (2)

] Hanpyxenus SpyTmo B micy Tpinyn 152 M1Ta
R s
‘1513j .‘.'“M‘\\
140 "\ - _ | S =
i .
« 41
= 130+ =
= , :
b“ K
120 -
110 B
N ASNAe SE B B S SIS SRae s Sman: S mmans nsse Se seey
4 & & 10 12 14 18 1@ 20 22
JIoB)KHHa NMOBEpXHi rajTesi, MM
Puc. 6. 3anexHicTe HOPMaNLHMX HaMNpyXeHb Ha NOBepPXHI : e S CY TN

ranteni sin signani s3poex il noBepxHi npw cuni 260 kH Ha
bykcy koneca

Purc. 8. Po3noain HopMmanbHux HanpyxeHs y BicTpl TpimmuHn

/ MicLe Tpimpen rrnbuHoio 16 mm y nanrnubwin Touyi bpoHTy
130 i B 1o ReTEE T Pmalbak (¥5F S Lok T N T gy e g _-.“_ ‘glﬁ6 EH
- - B e G —&-2LTkH
1 ede- 43 3y H
. 2ae wﬂ-m- -~ ’
- 8329369 ""—“"""“*—g.ﬁ___# - 68 O gH |
| g 86 TRH 0.9 - :
- m“**—-ﬁi“.»—t—'-i-'---..L.,_..____‘_”_ .y - 108 kH | " \
1 - 130 xH
o 100 - ﬁtmmhm*"ﬂ"*'“*“*"’t‘_“"*—-—-a*_ ~ -~ 182 w4 0.8 -J.
E 1 tuny aal P 1YY . .‘......h,..g,...._.__.a At
bﬁ i b B e I T P 2 | .. :.- i 2 !? K[-i
I T PR —O— 260 xl
80 _,] b B L R L D DR R T e S o — 303 ;d; 0.7 “ !
40 - IR AL A AL S S0 20 BoriN SESE N N
20 1 BASeRAEMNg B bhdi S bl B e gl e i h.‘ 0-5
"e B A R e e e R S 1 "
DL 1.'—! e . = L,].'. Py 0.5
4 5 10 12 14 16 .
BincTmir B3M0BK DOBEPXHI FANTENH, MM 1

v \.\
Puc. 7. Poanopin HOpManbHnX HanpyXeHb B3A0BX NOBePXHI '

ranTeni oci 6e3 TpiliMHM ANS Pi3HOro HaBaHTaXeHHN Ha Bykcy “‘3“"""“? Y PRI Wb i S

meshing) ITyLieHy CITKY CKIHICHHHX €JIEMCHTIB (*_'-I“B' PHC.4).  pyc. 9. 3anexHicTs nonpaskosol yHKUIT ANA HaUFMMBIOT TOUKK
Po3snoain HopMansHUX HAPYXEHB Y FranTeni 300pakeHO  Big BigHOWeHHs alD: 1 — pospaxyHok MCE; 2 — anpoxcumadis
Ha pucC. 5 1 puc. 6. HopMajibHI HanpyXeHHS Ha HOBEPXHI  YMCNOBMX BaHNX

ISSN 1729-4959. MawmnHozHaBcTBO, 2008, No7 (133) 11




0;55 B A

0.60 - ,
0.55 - ——
_ —— %
0.50 - 2
e 0.45 - \
= \\
0.35-1- \/'/
7 RS —_——

Puc. 10. 3anexusicTe nonpaskosoi pyHKUIT ANs NPUNOBEPXHEROT
Toukm hpoHTy BiA BigHOleNHs A = g/ D : 1 — po3paxyHok MCE;
2 — anpokcuMauyin YucnoBuMx faHux
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Puc. 11. 3anexHicte 6e3poamiproro KiH oci 3 TpimmnHoo ansn
TOUKM Ha nosepxHi Biga A =a/ D : 1 — pospaxyrvok MCE; 2 —
AaHi [9]

0.5

0.4

0.3 e - 3 p———

0.00 ¢.05 9.14 0.1% .20 0.25 030

Puc. 12. 3anexHicTe 6e3poamipHore KiH ocl 3 TpiwwmHowo ans
Hanrnubwol roukm hponTy BiA A =g/ D : 1 — pospaxyHok MCE;
2 — paHi 9]

3anexHICTh nonpaBkoBol GyHKU ¥, mng toukd C Ha
NOBEPXHI {AUB. pUC. 2) B1T BIAHOWIEHHA A = a/ D 300pakeHo
Ha puc. 10. Tyt noaaHo pesynstat poapaxyHky 3a MCE ra
alPOKCUMOBAHO Ui PE3YABTATH MMOJIIHOMOM TPETLOIO CTETNCHSA

Y. =0,642~4,8650+23,7570% - 33,4661° . (3)

TToMiTHO, mo 31 30iapmweHHsM A Bia 0,004 no 0,25
nonpaskoBa GyHkuUia Y, y HalrmuOmiii Touyui MOHOTOHHO
ameHmryeTsea Big 0,83 no 0,36, a nonpaskosa QyHKIIA ¥
AN TOYKHM Ha NOBepXHi cnayae mig A <0,125 1 3pocrae nis
A>0,125. Tpeba 3a3HauvTH, W0 1A A <0,22, To6TO Makxe
y BChbOMY Aiana3oHi 3MIHH napamerpa A, Y, ,>Y-. /Ana
A >0,22 BUKOHYEThCA HepiBHIiCTD ¥, <Y,.

Biporiauicts Metoauku pospaxyHky MCE 6yna nia-
TBepokena npH ouiHii KIH y BicTpi niBeAinTHYHOT TPILMHH
11 TOBCTOCTIHHOTO wumiHapa {7, 8).

Orpumani y uiit npaui MCE-pe3yaeratu ans oci 3
[IOBEPXHEBOK TPIIHHOK NOPIBHIOBANH 3 JaHUMH [9] nns
[UJIHAPHYHOTO CTPUKHA CTANOrO Nepepisy 3 aHANOTIHHOK
TPILIMHOO 3a YHCTOTro 3ruHY. Ha puc. 11 3o06paxkeHo 3anex-
HICTB Bif A Oe3posmipHoro KIH nas oci 3 TpiliMHOIO ¥ NIpH-
nosepxHepilt Touul ¢ppouTty. 3a yMoBH 0,125< A <0,25 3Ha-
YeHHs MonpaBkoBoOi ¢yHKIii, orpuMani MCE i 3a nanumu
(9], 3aH0BIIBHO Y3roaxXyOThCA (BIAHOCHA NOXUOKA HE nepe-
puiye 4,8 %). Ilpore npu A <0,125, ax 1 cnig 6yno ouikysat,
3HAYEHHSA MOMPAaRKOBO1 PYHKINT 14 IIPHIIOBEPXHEBOT TOYKH
dpouty, orpumMari MCE 3 ypaxyBaHHAM peanbHOl reoMeTpil
OCi Ta CXeMH HaBaHTAKEHHS, ICTOTHO (MAKCHMaNbHa BITHOCHA
noxnudbka He neperuurye 50,8 %) 6inplui, HIXK 3HAYEHHS,
OTpHMMaH!i 3a JaHUMHU [9] Ang LUNIRAPUYHOIO CTPHUKHS CTa-
JIOTO JiaMeTpa 3@ YHCTOrO 3ruHy.

Ha puc. 12 306paxeHo 3anexHicTs Hesposmipnoroe KiH
OCi 3 TPIIHHHOK A8 Halirnuboi Touku PpoHTY Bix A. 3Ha-
YEHHA nonpaskoBoi dyHxull A HaATIMOIIOT TOYKH, OTPH-
madi MCE 3 ypaxyBaHHAM peanbHOT reoMeTpil 0Cl Ta CXeMH
HaBaHTAXEHHA, ICTOTHO MeH! (BIAHOCHA MoXMOKa AocArae
38,3 %), Hi>k 3HaYeHHA, OTPUMAaHI 32 faHHMHU [F] nia uunisa-
PHYHOTO CTPHXXHA CTANOrO JlaMeETpa 3a YUCTOrO 3THHY.

BucroBKkH. MeTon0M CKIHYUEHHHX €IeMEHTIB OOUUCIEHO
KIH i nonpaBkoBY ({yHKIiIO OCI KOJAICHOI apH BarosHa
€[AEKTPOIOTAra 3 MOBEPXHEBOIO NIBEAINTHYHOI TPIlIHHOW
piAHocHOi rmubunn Big 0,004 g0 0,25 B HaliHallHebe3mneu-
HILIOMY Nepepisi — y MICH IEPEeXoay B CYTO UHNIHIPHUHOL
NOBEPXHL A0 raaTenl.

OTpuMaHoO, 110 31 30UIHLIEHHAM BLIHOIUCHHS [NTHOKWHM TPI-
mUHA 10 aiamerpa A =a/D Bin 0,004 no 0,25 nmonpaskora
¢yHkuia Y, B HalirmuOwii Toyilli GpPOHTY TPUUHHH MOHO-
TOHHO 3MeHIyeThea BN 0,830 no 0,359, a nonpaBkoga
pyHKUis Y, N4 MPUIOBEPXHEBOT TOUYKK POHTY CMOYATKY
sMeHIyeTbea (10 3HaYeHHA A =0,125), a noTiM 3pocTac.

IHopiBHaHHA 3aneXHOCTER Oe3posmipHoro KIH B Hai-
rUOmif Ta NPHUIOBEPXHEBIA ToUkaX HPOHTY MOBEPXHEBOI
BENINTHYHOT TPIIIHHH OC1 KOJICHOI NapH BiJl BIAHOCHOI
rubuny, oTpuManux y ctarti MCE, 3 nasumu M.Shiratori
Ta IH. [9] An9 IMUTIHAPHYMHOTO CTPHAKHA 3 MIBETINTHYHOI
NMOBEPXHEBOIO TPIlLIMHOIO 32 YMCTOrO 3rHHY CBIAYHUTH NpO TE,
0 HeBpAaXyBaHHA PeanbHOI reoMeTpil OCl Ta CXEMH HABaH-
TaXXeHHA JAae€ icToTHI noxudbku (o 50,8 %) npu ouiHm
NONpaBKoBOT PYHKLLI.
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Yu. Pyndus®*, H. Sulym™, O. Yasniy*
The assessment of stress intensity factors on the front of
semi-elliptical crack in rallway axle
* Ivan Pul'uj Ternopil State Technical University, Ternopil;
** van Franko Lviv National University, Lviv

The stress intensity factors (SIF) and dimensionless SIF were
assessed using finite elements method (FEM) for the deepest point
and for point on surface on the front of sermi-elliptical crack of raifway
axle. The comparison of dependencies of dimensionless SIF for
raflway axle with semi-elliptical crack evaluated by FEM with literature
dala for cylindrical bar with semi-elliptical crack under pure bending
shows that the real axle geomefry and the loading scheme should
he taken into account to avoid significant errors (relative error up to
50.8 %).
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1. KOHKYpPEHTOCIIpOMOXKHICTh NPOAYKUIT MaWKMHOOYDY-
BaHHA YKpaiHH B yMoBax riodanizauii.

2. AsTOMaTH3a1l1A TIPOEKTYBAHHA, NIAMOTOBKH |
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3. MonenoBaHHA MEXaHIYHUX CHCTEM.

4, CTpyKTYpHO-NTapaMeTPHYHHA CHHTER | ONTUMI3allig
MAaIIUHOOYIIBHIX KOHCTPYKUIi.

5. Teopia MaLUMH 1 MEXAHI3MIB,

6. rnaMixa Ta Mil{HICTE MALIHH.

7. Teopia xoNHBaHb 1 3aXMUCT Big BIOpaLii.

8. Marepiano3HaBcTBO,

9. Tpuboaoria,

10. Mexanika pyiiHyBaHHA MaTepiaiB Ta MILHICTE
KOHCTPYKIIIH.

11. HoBiTHI TexHOMOrT ¥ MammHHOOYAYBaHHI.
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14. ITpobnemMu 9KOCTi Ta KOHTPOJIIO B MAHIHHOOYRYBaHHI.
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