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O. . AcHil, kaHO. mexH. HayK

BMNJINB ®OPMU NMNOYATKOBOIO AE®EKTY HA BTOMHY
AOBIroBIYHICTb POJIMKA MALUWH BE3NEPEPBHOIO JIUTTA
3ArotoBOK

Y cratTi pocnipxkeHo BNnNMB POpMM noyaTkoBoro AedpeKkTy Ha 3ariULIKOBY BTOMHY
AOBroBiYHICTb poriMka MalinH 6e3nepepBHoro nuTTa 3arotosok (MBJ13), BurorosneHoro
i3 crani 25X1M1®. 3anponoHoBaHMM nNiAXiA FPYHTYETBCA Ha aHanisi HanpyXeHo-
nAedopMOBaHOro CTaHy Ta XapaKTePUCTUK LMKIiYHOI TPILMHOCTIMKOCTI cTani B ymoBax,
Onu3bKUX [0 eKcnnyaTauifHuUX, i3 ypaxyBaHHAM iX cTaTUCTMYHOro po3noginy. OTpumaHi
3anexHocTi BTOMHOI AoBroBiyHocTi ponuka MBJ13 Big dhopMu noyatkoBoro aedekry.

Knroyoei cnosa: cmans 25X1M®, ponuk MBJI3, koegiyieHm iHMeHCU8HOCMI HarpyeHb,
rosepxHesa rigeninmu4yHa 8momMHa mpiujuHa, 008208i4HICMb, PICM 8MOMHUX MPIUWUH, Kpumepit
AHndepcoHa—[apriHea.

Beryn. lMig yac ekcnnyatauii ponuku MBJI3 i obnagHaHHA Ons rapsyoro
BanbLOBaHHA 3a3HalTb Ail  LUMKNIYHOTO TEPMOMEXAHIYHOrO HaBaHTaXKEHHS.
Lle npuBoanTL 4O NOSABM | POCTY MHOXWHHUX MOBEPXHEBUX TPIWMH [11, 12, 19].

[OBroBiyHiCTb ponuka 3aranoMm BW3HAYaETbCA POCTOM MOBEPXHEBUX TPILLMH
3a TEpMOBTOMW [0 KPWUTUYHOTO pO3Mipy. TOMY WOro >XMBYYICTb 3anexuTb
BiJ BNAcCTMBOCTEN MaTepiany ponuka, LUKNIYHOrO MEeXaHiYHOro HaBaHTaXKeHHS!
i TemMnepaTypHUX 3MiH, LWBWMAKOCTI MPOKaTKM Ta HU3KKM iHWKUX dhakTopis. Bnnue
TemnepaTtypu, 4acToTu i hopMK LMKNY HaBaHTaXEHHS Ha LUBUAKICTb POCTY BTOM-
Hux TpiwmH (PBT) maTtepiany ponuka MBJ13 gocnigpxeHo y npadi [18].

Weunakicte PBT y ctani 15X13M maimke He 3anexwutb Big TemnepaTtypu
(20°C i 600°C), npote npu 600°C edeKkT 4YacTOTM HaBaAHTAXKEHHS
(0,017yi 0,17y) icTOTHO 3anexwuTb Bi4 po3Maxy koediuieHTa iHTEeHCUMBHOCTI

HanpyxeHb (KIH) AK . TlligBuwieHHs 4vactoTm HasaHTaxeHHs Big 0,017y
no 0,17y 36inbwye weuakicte PBT npu AK <24 Mﬁaﬁ i 3MeHLUye BinbLu Hix

y 2 pasu npu AK > 28 MHa\/;.

[oBroBiYHiCTb €reMeHTIB KOHCTPYKLIN i3 NOBEpPXHEBMMU AedeKTaMn 3HAYHO
MipOto 3anexuTb Big hopMu nodatkoBoro gedekty [4, 9, 10, 20].

3MiHy dbopmMn PPOHTY NOBEPXHEBUX BTOMHUX TPILLMH Y LIMAIHOPUYHUX 3pas-
kax i3 ctani 30NiCrMoV12 ocelt konicHUX nap AOCNigXeHO 3a 06epTOBOro 3ruHy
y npaui [5]. BusiBneHo, wo npu 3MiHi BigHOCHOT rMUOWHN NOBEPXHEBOI TPILLUHM
Ha nopsigok (Big 0,025 go 0,25) BigHOWweHHs niBocen eninca (rMMbvHU TPILWUHN
00 1i JOBXMHM Ha noBepxHi) ameHwyeTbes Big 0,9 no 0,6. MNMoBepxHeBI TPiLLMHK
B OCSIX KOJICHUX Nap € NepeBaXxHOo niBeninTu4Humu [4, 9, 20].
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Y npaui [10] noka3saHo, Lo He3anexHo Bif CXeMW HaBaHTaXeHHs (peBepCHUN
4n 06epTOBUN 3rKH) i NOYATKOBOro BUAY AedekTy (NiBeninTUYHUA YM NIBKPYIInNn)
3a BigHOCHOI rMnbuHM TpiwnHM Ginblie 0,16 dopma PPOHTY TPILLMHM ONMUCYETHCA
€ONHOI0 3aneXHicTo Big BiAHOCHOI rMMOuHW.

HocnigxeHo TONonorito NOBEPXHEBUX TPIWMH Y CYLiNIbHOKOBAHOMY POJSIUKY
MBN3 i3 crani 25X1M1®, 3HaTomy i3 ekcnnyatauii nicns 4500 nnasok [1].
TpilMHM y NNOLWWHI, NepneHauKynspHin go oci ponuvka, y 1,5-1,8 pasn rmmouwi
3a OCbOBi Ta MatoTb KoedilieHT hopMu (CMiBBIOHOLIEHHSA MK rMMOMHO Ta LOBXM-

HOL0) a—pz 2,5 — onsa TpilWMH rmmMbuHo Ao 6 av i a—p ~4 — gnsa TpiWWH rmu-
2C, 2C,
BuHoto BinbLue 6 mm.

PoaTpickyBaHHS BanbLOBanbHUX POMWKIB Ta iHWWX efleMeHTiB BanbLioBanb-
HUX KOHCTPYKLiA 3a TEPMOBTOMM 3MOAeNbOBaHO, Hanpuknag, y [13, 15]. OgHak,
AeTepMiHICTUYHI NiAXoAM He BPaxoBYKTb PO3KMA MeXaHiYHMX BriacTUBOCTEWN,
TOMY, BUKOPUCTOBYIOUU iX, HE MOXIMBO OLHUTU MMOBIPHICTb AOCATHEHHS KPUTWNY-
HOro PO3MIipy TPILMHN AK OYHKLIT HaBaHTaXKEHHS i oTpuMaTn PyHKLii po3noainy
3anu1LIKOBOI JOBrOBIYHOCTI efleMeHTa KOHCTPYKUii. Ha npoTtuBary im, cTaTUCTUYHI
Ta WMOBIPHICHI MeToaAn MexaHikv pyWHyBaHHS OO3BONSATb OTpUMaTU OYHKUi
po3noainy 3anvkoBOi AOBroBiYHOCTI abo KPUTUYHOrO pPo3Mipy TpilwmHu [6, 7].
Taki nigxoam go mopentoBaHHA PBT B eneMeHTax KOHCTPYKUi nobynoBaHi
Ha aHanisi HanpyxeHo-AedOPMOBaHOro CTaHy i BpaxoBYOTb PO3KMA XapakTepuc-
TUK UMKMIYHOT TPILLMHOCTINKOCTI ANa NEeBHUX YMOB ekcnnyatauii [3, 14], akui
ONUCYETbCA BiAOMMMW 3aKoHamu posnoginy. OAns onucy napameTpiB pPiBHAHHA
Mepica nepeBaxHO 3aCTOCOBYOTb HOPMAanbHUW Ta MnorapudmiyHO-HOPManbHUN
posnoginu [8].

Y cTaTTi pOo3BMHYTO METOAOSOri0 Ta OLHEHO 3aMMLLKOBY AOBrOBIYHICTb PONnK-
ka MBJ13 3anexHo Big popmm noyaTkoBoOro AedekTy 3 ypaxyBaHHsIM CTaTUCTUY-
HOrO PO3KMAY XapakTePUCTUK LIMKNIYHOT TPILLMHOCTINKOCTI.

MopaentoBaHHA pocTy NOBePXHEBOI BTOMHOI TPiLLUMHM i OLliHKa 3anvLIKOBOI
poBroBiyHocTi. MogenioBanu picT NOBEPXHEBOI BTOMHOI TPILUMHU Y POSIUKY
MBJ13, BurotoBneHomy i3 ctani 25X1M1® [17].

Ponvk € NnopoXXHUHHMM TOBCTOCTIHHUM LMAIHAPOM i3 30BHILLHIM AdiaMeTpoM
D = 320.mm i oxonopxyBansHMM otBopoM AiameTpom d =80.mm (puc. 1). Bia-

cTtaHb Mk onopamu L= 2000 mm. Posrngaganu niBeninTU4Hy BTOMHY TPILLUHY
y LeHTpansHOMy nepepisi ponvka, nepneHavKynsipHy o rnoro oci (puc. 1, 6).
3anuwkoBy AOBroBiyHiCTb ponvka MBJ3 ouiHeHO 3a HacTynHUX NpUNyLLEHb:
noyaTkosa rmMMbuHa TPilWnHN 8g= 15mm ; KoedilieHT dopMM NOYATKOBOI TPILLMHM
ag/cy =1/16;1/8;1/4;1/2 . ins cnpolLeHHst MoAeni MPUAHANW, WO TemnepaTypHi

KONMBaHHsSI BMNPOOOBX OOHOrO 00epTy ponuka € HesHadyHumu. TemnepaTtypa
y cepeanHHoMy nepepisi ponuka pisHa 375 °C , Ha noro nosepxHi — 600 °C [17].
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Puvc. 1 — Ponuk MBI13: a) cxeMa HaBaHTaXyBaHHs1; 6) reoMeTp1yYHi napameTpu
nepepisy i3 niBeninTU4HOIO TPiLLUHOIO

HanpyxeHHs y ponuky cnpudMHeHe TMCKOM pigkoro meTtany i Baroto cngaba.
PicT niBeninTMyHOT BTOMHOI TPILLMHM MOZENtoBanu 3a acUMeTpii LMKy HaBaHTa-
xeHHA R=Kpin / Kmax =0, e Kiin:» Kpax — MiHIMansHuin Ta MakcumansHuin

KIH BignosiaoHo. Poamax HanpyxeHb AG =Gy —Omin= 257 Mlla, 0e oy
Ta G — MiHIManbHe Ta MakcumarnbHe HanpyXXeHHs! LMKy HaBaHTaXeHHs!.
KIH y Hanrnnbwin Touui A (puc. 1, 6) i y Touui C Ha noBepxHi NiBeninTU4HOI

TPILLMHKU Y NOPOXHUHHOMY LMMiHAPI 064McneHo 3a gaHumu Carpinteri [5]. Poamax
KIHy Toukax A Ta C pospaxoByBanu 3a (oOpMyroro

AKA(C) = AG‘/EYA(C) ,

e YA(C) — nonpaBkoBa (YHKLiS BiAHOCHOT rmMmubuHu TpiwmnHn {=a/D i dopmu

dppoHTy A =alc.

Weunakicte PBT da/dN y ctani 25X1M1® Bu3Ha4anu 3a 0gHOBICHOTO po3Tsry
KOMMaKTHMX 3paskiB TOBLUMHOW 5 mu [17]. MexaHivHi BnacTuBOCTI cTani npu Tem-
nepatypi 375 °C HacTynHi [17]: mexa Teky4ocTi G ,= 670Mlla i mexa MiLHoCTi

6 p= 690 MIla . EkcnepumeHTanbHi 3anexHocTi weuakocTti PBT y ctani 25X1M1®
[17] anpokcmmoBaHo piBHAHHAM [epica

da/dN =C(aK)™.
Mpu Temnepatypi 600 °C npu R =0 i vacToTi HaBaHTaxeHHs f=17y

C=6,610"° MM/uum/(Mﬂaﬁ)m, m=3,26 [17].

Mapametp C ana crani 25X1M1® posrnsgany sk HopmarnbHO po3nogineHy
BMMNaAKoBY 3MiHHY i3 mapamMeTpamu po3noginy: cepeaHe u:7,45~10_9 Ta cepegHbo-
KBagpaTU4HE BIOXWIEHHSA s=6,09o10_10 [17] srigHO migxogdy, 3amponoOHOBaHOro
y npaui [16]. MpunyLweHHs Wwoao HeBigoMOro cepegHbLOro Ta CTaHO4apTHOroO BiA-
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XuneHHs Oyno nepeBipeHO Ta nNiATBEPOKEHO 3a KpuTepieM AHOEepCOHa—
Oapninra [2].

3mogenboBaHO pPIiCT BTOMHMX TpiwuH y ponuky MBJ3 i3 miBeninTuyHOO
TpiwwmHoto npu Temnepatypi 600 °C . BusHavyanu mepianHy gosrosiuHicTb N ¢

AOCATHEHHS TPILWMHN rMnbnHn as = 45,60,70 i .
Ha puc.2 3obpaxeHo 3sanexHicTb MepiaHHoi gosrosivHoCTi N ¢ Big dhopmu
no4yaTkoBoro AedyeKkty Ons pisHMX 3HaveHb af . BuasneHo, Lo i3 3poCTaHHAM

koediuieHTa copmMn ag/Cy Mo4aTKoOBOI MIBENINTUYHOT BTOMHOI TPILLMHW rMMBMHO
ag=15 mm mefjaHHa BTOMHa AO0BrosidHiCTb porvka MBJI3 3poctae. Mpumipom,
i3 3pocTaHHAM koedilieHTa dopmn a5 /cy BiA 0,0625 0o 0,5 AOBroBiYHICTL 36iMb-

LIYETBCA NPUBNN3HO Y 2 pasu.

15000

N unkn

13000 / V.d
11000 / /

9000
_ _ / P e
7000 + * A —8—a,=60 MM |

— —A—g,=70 MM
0 S A
5 4 3 2 1 0
2 2 2 2 2 2
80/00

Puc. 2 - 3anexHicTb MegianHoi gosrosiuHocti N ¢ npu temneparypi 600 °C
3anexHo Big opmu novyaTkoBoro aedekTy
Ha puc. 3 306paxeHo pe3ynbTaTyt IMOBIPHICHOTO MOAENOBaHHS POCTY BTOM-
HOT TPILWMHN — pO3NO4iNM BTOMHOI AOBrOBIYHOCTI (KIfIbKOCTi LIMKIIB HaBaHTaXeH-
HA) OOCArHEHHS TPILUMHOW MUBNHN a; = 45 wum Ta 70 mm Npy NOYaTKOBIN PopMi
nedekty ag/cy=1/16;1/2. Y BCiX 3MOAENbOBaHNX BUMAAKax PO3MOAINM KiHLe-

BOI JOBrOBIYHOCTI Y3rogXXytoTbCs i3 KpuTepiem AHgepcoHa—[apniHra gnsa Hopmarb-
HOro Ta norapudMmiYHO-HOPMarbHOro po3noginie, Todi Ak posnogin Benbynna
He 3aBXAu NigxoauTb Ansi ONMCcy AaHUX BTOMHOI JOBrOBIYHOCTI.
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Ha puc. 4 306paxeHo poHTU NOBEPXHEBUX TPILLMH Mig Yac iX nowunpeHHs. Jli-
Ba TpilLMHa Mana no4aTkoBui koediLieHT dopmu ag/cy =1/2, anpasa - 1/16.

P10 - P 10 ——
7”1 “
0,84 ! | , 0.8 4 !
ag/q = 1/16 ap/q =116
06 a,=45 MM | 0,6 af=70 MM
0,4 I | | 0,4
HOPManbHUA HOpManbHUA
0,24 norapuMIHHO-HOPManNbHUA 0,24 norapuMiYHO-HOpManbHWUA
BeitGynna Beitbynna
- u  emnipuiHl faui '. ®  emnipuyHi aaHi
00 - ; : : : 00-fn o=t . ; ; -
5450 5500 5550 5600 5650 5700 575 6800 6850 6900 6950 7000 7050 7100
N, ynkn N, umkn
1,0
P1 .0 P
0,84 0,8 -
agley =112 aglqy=1/2
06+ ap=45mm } ! 0,6 - aF=70mMm
0.4 4 0,4
—— HOpManbHWUA 024 HOpManLHIA
024 - - - norapuMi4HO-HOpMaNbHUIA ” - - - NOrapUPMINHO-HOPMANBHMUA
Beiibynna -- Bewbynna
= emnipuari gawi

0.0 . : - eMnlpMMl:l naHi ' 001 = : ! ; i T

10850 10950 11050 11150 11250 14100 14200 14300 14400 14500 14600 14700

N, ynkn
N, ymxn

Puc. 3 - Posnoainu sBTomHoi gosrosiuHocti N ans pisHoi noyatkoBoi hopmm
TPilUHKU

400 200 0 200 400
[mm]

Puc. 4 — FeomeTpist hPOHTY TPIiLYMHU 3i 36iNbLIEHHAM iT rMn6KHK. 8y =15 M.

3niea- ay/Cy =1/2, cnpasa - ay/Ccy=1/16
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Ha puc. 5 306paxeHo 3anexHicTb koedilieHTa hopmu NiBENINTUYHOT BTOMHOI
TpiwmHM a/c Big BigHoweHHs a/t, ne t= (D—d)/2 — TOBLUMHA CTiHKN ponu-
ka. PospaxyHok 3gilicHeHo ansa ag/cy=1/16;1/2.

Y BocCnigKeHnx Mexax MoAentoBaHHSA MOWMPEHHS TpiwmHn y ponuky MBJ3
(a/t=0,125,...,0,58 ), noBepxHeBi TPIWMHA 3 ICTOTHO PI3HUMU MOYATKOBUMMU

KoediuieHTamn dopmu 36epiratoTb L0 BIAMIHHICTb i3 36iNbLEHHSAM FNUOUHK
TPILLMHN.

acl?
0,84 i
0,6+ 1
~— gyl = 1116
04- “ agley =112
0,24 /“""'"mﬂ.
U’D T T T T
0,1 0,2 0,3 04 0,5 0,6
alt

Puc. 5 — 3anexHicTb koediuieHTa hopMm niBeNinTMYHOT BTOMHOT TpiwmHn a/C Big
BiaHoweHnHs a/t ans ag/cy =1/16;1/2

BucHoBku.

1. [HdocnigxeHo Bnnuve chopmm (PPOHTY NMOYATKOBOrO NOBEPXHEBOrO Aedek-
TY Ha BTOMHY [JOBrOBIYHICTb ponvka MawnHn 6e3nepepBHOro NMTTS 3aroToBOK.

2.  3anponoHoBaHuMM  nigxig ~ rPYHTYETbCA  Ha  aHanisi  HanpyXeHo-
0edOopMOBaHOIO CTaHy Ta XapakTepuCTUK LMKNIYHOI  TPILUMHOCTIMKOCTI  cTani
B yMOBaX, Onu3bkvx A0 eKcniyaTauiH1X i3 ypaxyBaHHAM iX CTaTUCTUYHOTO pPO3-
noginy.

3.  OTtpumaHi 3anexHocTi BTOMHOi AoBrosiYHocTi ponvka MBJI3 Big dopmun
noyatkoBoro gedekty npu Temnepatypi 600 °C. I3 36inblleHHs koediljeHTa
dopmun novaTkoBoi TpiwmHK Big 1/16 no 1/2 noBroiyHicTb 3pocTae NpubnusHo
y 2 pasu.

4. TlobypoBaHo po3nodinuM  BTOMHOI  JoBroBidHOCTi  ponuka  MBJI3
y NpUNyLWeHHi HOPManbHOro PO3MOAINY XapakTepUCTUK LMKMAIYHOT TPILUHOCTIN-
KOCTi cTani Ans pisHoi No4aTKoBOI hopMMU i KIHLEBOT FMUOVHN TPRILLMHK.

5. TobynoBaHo MNoCnifoBHICTbL 300paykeHb QOPMU PPOHTY MIBEMINTUYHMX
BTOMHUX TPILLMH i3 NovaTkoBUM KoedpiuieHTom chopmn 1/16 ta 1/2.

HocnidxeHHsi sukoHaHO 3a kowmu cmuneHdii KabiHemy Minicmpie YKpaiHu
01151 MOJI0OUX 84EHUX.
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O. I1. HAcHul, kaHO. mexH. HayK

BIIUAHUE ®OPMbl HAYAJIbHOIO AE®EKTA
HA YCTAJIOCTHYIO AOJICOBEYHOCTb POJIUKA MALLUUH
HEMPEPBLIBHOIO JIUTbA 3ATOTOBOK

B ctaTtbe uccnegoBaHo BnusiHMe ¢hopMbl HavyanbHoro Aedgpekra Ha OCTaTO4YHYH
yCTanocCcTHYH [ONIrOBEYHOCTb pPOJIUKa MALWIMH HENPEepPbIBHOTO JUTbA 3aroToBOK
(MHN3), usrotoBneHHoro u3 ctanu 25X1M1®. [lMpeanoxeHHbIN noaxod OCHOBaH
Ha aHanu3e  HanpsikeHHo-A4edOPMMPOBAHHOIO COCTOSAAHUA U XapaKTepUCTUK
LUKNMYECKOW TPELMHOCTOMKOCTM CTanu B YCNOBUAX ONU3KUX IKCMNyaTauMOHHbIM
C yYyeTOM WX cTaTUcTM4YecKoro pacnpegeneHus. [lonyyeHbl  3aBUMCUMOCTH
ycTanocTtHow gonroBe4yHocTu ponuka MHJI3 ot chopmbl HayanbHoro gedekra.

Knroyeebie cnoea: cmanb 25X1M®, ponuk MHIJI3, koaghgpuyueHm uHmMeHcusHocmu
HanpskeHul, rMog8epxHOCMHas nosyenunmuyecKkas ycmanocmHas mpeujuHa, 0or1208e4HOCIb,
pocm ycmanocmHbIX mpewuH, kpumeputi AHOepcoHa—/[]apnuHaa.

O. P. Yasniy, Associate Professor

INFLUENCE OF DEFECT INITIAL SHAPE ON FATIGUE LIFE
OF CONTINUOUS CASTING MACHINE ROLL

This article deals with influence of defect initial shape on residual
fatigue lifetime of continuous casting machines (CCM) roll, made of 25 CriMoV steel.
The proposed approach is based on the analysis of stress-strain state and the characteristics
of cyclic crack resistance of steel in conditions close to operational, taking into account their
statistical distribution. The dependence of the CCM roll fatigue lifetime on the shape of initial
defect is obtained.

Keywords: 25CrlMoV steel, caster roller, stress intensity factor, semi-elliptic surface fatigue
crack, lifetime, fatigue crack growth, Anderson—Darling test.

Introduction. During exploitation the rolls of continuous casting machines
(CCM) are subjected to action of cyclic thermomechanical loading. This leads
to emergence and growth of multiple surface cracks [11, 12, 19].

The roll lifetime is determined mainly by surface crack growth under thermal
fatigue up to the critical size. Influence of temperature, frequency and waveform
on fatigue crack growth (FCG) of CCM roll material is studied in [18].

The lifetime of structural elements with surface defects depends largely
on the form of initial defect [4, 9, 10, 20].

The shape change of surface fatigue cracks in cylindrical specimens
of railway axles made of 30NiCrMoV12 steel by rotating bending was investi-
gated in [5]. The surface cracks in the railway axles are mostly semi-elliptical
[4,9, 20].

It was established [8] that regardless of the loading scheme and initial crack
shape for the relative crack depth of more than 0.16 the crack shape can be de-
scribed by one dependency on the relative depth.

The topology of surface cracks in entirely forged CCM roll made of 25Cr1MoV
steel, dismounted from service after 4500 melts [1], was studied. The cracks
in the plane, perpendicular to the roll axis are in 1.5 ... 1.8 times deeper than
the axial and have the crack shape 2.5 for crack depth up to 6 mm and crack
shape 4 for cracks deeper than 6 mm.

The cracking of rolls and other items of rolling equipment under thermal fati-
gue was modeled, for example, in [13, 15]. The methods of probabilistic fracture
mechanics allow obtaining the distribution function of the residual lifetime or criti-
cal crack size [6,7]. Such approaches to fatigue crack growth modeling
in structural elements are based on the analysis of the stress-strain state
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and take into account the scatter of cyclic crack resistance characteristics [3, 14].
To describe the parameters of the Paris equation the normal and the log—normal
distribution are mostly used [8].

In this article, the residual lifetime depending on the shape of the initial defect
is assessed considering statistical scatter of cyclic crack resistance characteristics.

Modeling of surface fatigue crack growth and residual lifetime assessment.

A roll is a thick-walled hollow cylinder with an outer diameter D=320 mm
and a cooling hole with the diameter d=80 mm. The semi-elliptical fatigue crack
in the central section of the roll perpendicular to its axis was considered.

The residual lifetime was evaluated using the following assumptions: initial
crack depth ajg=15mm, initial crack shape ay/cy=1/16;1/8;1/4;1/2.
The temperature in the median section of the roll is equal to 37°C,
and on the surface of the roll it is equal to 600° C [17].

The stresses in the roll are caused by the pressure of the liquid metal
and the weight of the slab. The semi-elliptical fatigue crack growth was modeled

under stress ratio R=Kpin / Knax =0, where K, Kpax are the minimum
and maximum SIF, respectively. The stress range, where o, and Gpay

are the minimum and maximum stresses of the loading cycle.

The SIF at the deepest point A and at the point on the surface C of semi-
elliptical crack in the hollow cylinder is calculated according to the data of Carpin-
teri [5]. The SIF range at points A and C was estimated by the formula:

AKA(C) = AG\EYA(C)

where YA(C) is dimensionless SIF.

The fatigue crack growth rate in 25CriMoV steel was determined under un-
iaxial loading of compact tension specimens with a thickness of 5mm [17].
The mechanical properties of the steel at temperature of 375 °C are the following:
yield strength oy =670MPa and ultimate tensile strength o 75=690MPa .

The fatigue crack growth dependencies in 25Cr1MoV steel were fitted by Paris
equation:

da/dN =C(aK)",
where C and m are the material constants.

For temperature 600°C at R =0 and loading frequency f =1Hz
the parameters C = 6.6:10° (mm / cycle) / (MPa /m )" m=3.26 [17].

The parameter C for 25CriMoV steel was treated as normally distributed ran-
dom variable with the following parameters: mean u=7,45-10_9 and standard
deviation s= 6,09-10_10 [17] using the approach, proposed in [16].
The assumptions about the unknown mean and standard deviation were tested
and accepted according to Anderson-Darling test [2].

The fatigue crack growth rate of surface semi-elliptical crack in a roll of CCM

at radial (point A) and circumferential (point C) directions was assessed from
system of Paris type equations
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da m
—=C(AK ,
iy = C(4Ka)
dc m
—=C(AK :
* _c(ae)

where K,, K¢ are the SIF of mode | in points 4 and C of crack front, respectively.

The fatigue crack growth in CCM roll with semi-elliptical crack at the tem-
perature of 600°C was modeled in two ways. In the first one, the final crack
depths were preset: (a=45, 60 and 70 mm) and the distributions of lifetime were
obtained. In the second case, the median lifetimes to reach final crack depth
were fixed (N=5588, 6931, 11060 and 14405 cycles), and the distributions of final
crack depth were built.

The dependencies of the median lifetime N; on the initial crack shape for dif-

ferent values of a; were obtained. It was found out that with the increase of crack

shape ag/cy of initial semi-elliptical crack with the depth ag = 15 mm the median

CCM roll fatigue lifetime augments.
The distributions of fatigue lifetime (the number of loading cycles)

for the crack to reach depth a; =45mm and 70 mm for the initial shape

of the defect were obtained. The Weibull distribution is not always suitable
for fatigue lifetime data description.
The distributions of crack depth for the crack after N; =5588, 6931, 11060

and 14405 cycles for the initial shape of the defect were constructed. They
are consistent with the Anderson-Darling test for normal, log-normal and Weibull
distributions.

The surface cracks fronts during propagation were assessed, as well as
the dependencies of semi-elliptical crack shape a/c on a/t, where t is the roll

wall thickness. The calculations were done for ag/cy =1/16;1/2.

In the studied crack propagation range in CCM roll (a/t = 0.125 ... 0.58),
the surface cracks with different initial shape preserve this peculiarity with the
increase of crack depth.

Conclusions.

1. The influence of the initial shape of surface crack upon fatigue lifetime
of continuous casting machine (CCM) roll was investigated.

2. The proposed approach is based on the analysis of the stress-strain state
and the characteristics of crack growth resistance of steel under cyclic loading
in the conditions close to operational with respect to their statistical distribution.

3. The dependences of CCM roll fatigue lifetime on the initial defect shape
a the temperature of 600 °C were obtained. With the increase of initial crack
shape from 1/16 to 1/2 the lifetime augments in around 2 times.

4. The distributions of CCM roll fatigue lifetime in the assumption of normality
of the 25Cr1MoV steel Paris equation C parameter for different initial shape crack
and final depth of crack were constructed. The distributions of CCM roll final
crack depth for different initial shape and median lifetime were built.
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