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Abstract. A calculation model for evaluation of sub criticatack propagation high-
temperature creep in metallic plates is proposdw model is based on the first low of
thermodynamics on energy balance and the balaneaefyy change velocity in a metallic
plate, containing a macro crack and subjectedng-term static loading tension under high-
temperature field effect, thus providing the praces stable creep in the process zone near
the crack tip. On the basis of above mentionecetheation with original and final conditions
are obtained that composed the mathematical nmfodaletermining the sub critical crack
growth period under high-temperature creep in retallates.

JloCTiIKEHHIO BTPATH BHUCOKOTEMIEPATYPHOI MIITHOCTI METaJeBUX MaTepialliB, TOOTO
3apO/DKEHHIO 1 TMOIIMPEHHIO TPIIIMH BUCOKOTEMIIEPATypHOi MOB3YYOCTI B JIiTeparypi
NpucCBsAYeHO 1e  Majgo polbiT. CnpoO6 moOyayBaTH TEOpir0 TMOMIUPEHHS  TPIIUH
BHUCOKOTEMIIEPATypHOi IOB3y4OCTi BiJOMO, B OCHOBHOMY, TUIBKM UUISAXOM OIUCY
eKCIICpUMEHTAIbHMX JaHuX (quB. Hamp. [1-3]).

B nmaniii po0oti 3po6iieHa crpoba po3poOUTH MaTEeMaTUYHY MOJAEb Ul BU3HAUYCHHS
3QJIMIIKOBOI  JIOBTOBIYHOCTI ~ TOHKOCTIHHHUX  €JIIEMEHTIB  KOHCTPYKIIIH B  yMOBax
BUCOKOTeMIIepaTypHoi noB3y4ocTi. CyTh miaxony y ¢GopMyIrOBaHHI TaKoi MOJIEINI TOJSArae B
HACTYITHOMY.

Mamemamuuna mooens 0751 BUZHAYEHHS Nepiody OOKPUMUUHO20 POCHY MAKPOMPIWUHU
8 NIACMUHI NPU BUCOKOMEMNEPAMYPHIL NOG3YYOCMI
B ocHOBY 3ampomnoHoBaHo1 MOJIEN MOKJIAACHNN TIEPIIMA 3aKOH TepMOAUHAMIKH [4] ms

BHIAJIKy PyWHYBaHHs IUIACTHHH 3 IIPSAMOJIHIAHOIO TPilMHOK noBkuHH | mix miero Bucokoi
TeMIepaTypu lp 1 JOBrOTPUBAIOro CTAaTHYHOro HaBaHTaxkeHHs P (puc.l). Inacruna
Harpita piBHOMIPHO 10 BUCOKOi Temmeparypu lq (Tak 3BaHa Temieparypa mos3y4octi [5]),
TpilIMHA MAKpPOCKOIIYHA, HABAHTAXKEHHS PO3TATY P NPUKIAJIEH] JOBUIBHUM YMHOM. Tpeba
Bu3HaunTH vac [ =1., Komu B pesynprari BHCOKOTEMIIEPATYPHOI ITOB3Yd4OCTi TpillMHA
MipocTe 0 KPUTHYHOTO po3Mmipy |« i mmacTura 3pyitHyeThCS.

Eneprernunuii 6anaHc nmporecy pocTy TPIIMHYU 3alUIIEMO TaK

Q+A=W+T+K, (1)

ne A — poGoTa 30BHIIIHIX CHII, Ky BBaXKAEMO MOCTII{HOIO; W — eHeprisi n1eopMyBaHHs
Tija, AKy M0JIaMO B TAKOMY BUTJISIII

w=w,, +W¥(,8)-wP(,6), @)
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W,, — npyxHa cknamosa W ; W (I @) —dJacTuHa €Heprii IIaCTHYHOrO IedOpPMYBaHHS, LIO0
3aleXKUTh BiJ NOBXKUHYU TpimuHu | i kyra 6 Mik HanpsaMKoM nomnpeHHa TPILIMHU (AI) i
Biccio abcruc OX JIOKaabHOI JeKapToBOi cuctemMu koopauHat OXy; W, (t @) — yactuHa

eHeprii IiacTuyHoro nedopmMyBaHHS, fKa 3aTpadyeHa HAa IUIACTUYHE I[C(bOpMyBaHHH npu
NOCTINHIM MOBXMHI TPIIMHU Wi Yac iHKyOaumiiHOro mepiofy MiATOTOBKM ii CTpUOKa,
3aJIeKUTh BiJl yacy t 1 reHepyeTbcs caMuM TijioM; [ — eHepris pylHyBaHHs Tina, sKa
3aJICKUTh TIABKU BiJ JOBXUHHM TPIIMHHA; Q=CONSt — BeIMuYMHA TEIJIOBOI €Heprii, fka
CTBOpEHA 30BHINIHIMU JpKepenamu Teruia; K — KiHeTHYHa eHepris, ska B JaHOMY BUIQJIKY
OyJ1e MaJIor0 BEJTMYHHOIO 1 HEI0 Oy/IeMO HEXTYBaTH.

OCKIJTbKM BUKOHYETBCSI PIBHSHHSI €HEPreTHYHOro Oanancy (1), To i Oyie BUKOHYBaTUCS
PIBHSHHS OalaHCy MIBUIKOCTEH 3MiHU €HEPTii, TOOTO

a_A\ = M + a_r . (3)
ot odt ot
[Tincrasnsroun (2) B (3), oTprMaemo
(2)
9 pYdl _ W,
— 1~ (A-Ws, =W, =0. 4
ol [ ( )]dt ot )

J, 5 %ﬂ:q
i T

R ’

Puc. 1.Cxema HaBaHTaXXEHHs IJIaCTH- Puc. 2. Cxema pO3KpUTTS BEpIINHU
HU 3 TPIIUHOIO. TPIIIMHY 1 30HU TIepeIpyHyBaHHs OIS Hel.

3Biacu, 3HANAEMO I_HBI/II[KiCTB noumpeHHﬂ TpiI_HI/IHI/I nos3ydocri V = dl/dt

(1)
dt al Pl )] ®)

Ha ocHoOBI pe3ynbTatiB pooiT [4,6], BHpAa3 B KBaJI[paTHUX IY)KKax 3aIllUIIEMO TaK:

(A, -w =y, . ©

Je )¢ — NUTOMA eHepris pyHHyBaHHS NMPH MOUIMPEHHI TPIIIMHU MOB3Y4YOCTi; ), —IIMUTOMA
€Hepris IUIACTUYHOro Je(GopMyBaHHS B 30HI NEpepyHHYBaHHS OUIS BEPUIMHMU TPILIHHU:
Vi =00 (0) + 7,0y (O); 0, 1 T, — ycepeJHEeHl HOPMaJbHI 1 JOTMYHI HaIpPY>XEHHS B 30HI
nepenpyiHHyBaHHS; O, (O) i 0 (0) — HOpMaJIbHE 1 IOTUYHE PO3KPUTTS BEPILIUHU TPILIUHHU.

[MincraBnsiroun criBBigHOIICeHHS (6) B piBHSHHS (5), 0OTpHMa€EMO:

ow'?
V=" /(yf %) @
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OCKUTbKH, Jai BBaXKAEMO, IO TPIlIMHA TOUIMPIOETHCS B HAMPSIMKY MaKCHMAalbHO
MOYKJIMBOT IIBHIKOCTi, TOOTO (6V/69=0), i3 piBHsAHHA (7) OTpUMaEMO Apyre KiHETHYHE
PIBHSIHHS IS BA3HAYCHHS HANIPSMKY TOMIMPEHHS TPILIMHA

9 [owg(t,6) "
——=——\y. =y, =0. 8
JIis TIOBHOTH MaTteMaTH4YHOI Mojeni, 10 piBHsAHb (7), (8) momaemo Taki MOYaTKOBY i
KIHIIEBY YMOBHU

t=0, 100)=1,, t=t., I{t)=1, 9)
Jle KPUTHYHA JOBXMHA TPIIIMHY |+ BU3HAYAETHCA i3 €HEPTETHYHOrO KPUTEPIIO
)=y (10)

Tyt t, —4ac TOKPUTUIHOTO POCTY MAKPOTPIIIHHU.

Omxe, kiHetnuHi piBHsHHS (7), (8) Ta ymoBu (9), (10) yTBOpIOIOTH PO3paxyHKOBY
MOJICIb Il BH3HAYCHHS MEPioay AOKPUTHYHOTO POCTY B METAICBHX IUIACTUHAX TPIlIMHU
BHUCOKOTEMIIEPATyPHOT MTOB3yYOCTI.

CumeTpuyHMii BHUNAJOK NpsAMOJiHiliHOT Tpimmmuu. Hexali B metaneBiii miacTuHI
NpsSIMOJTIHIMHA TpiluHA po3MmimieHa B3A0BX oci OX 3 mowyarkom O y BepHIuHI TPINIUHH.
3ycuiis P OpUKIAACHI TaK, IO Y TUIACTHHI YTBOPIOETHCS HAMPYKEHO-Ae(hOpPMOBaHUHN CTaH
cuMeTpuuHuil BitHOocHO OX. Toni piBHsHHA (8) Mmatume po3B’sizok & =0, ToOTO TpimuUHa
Oyze mommproBatucs B3aoBxkK oci OX.

Posrnsparoun 1ractuuHe aeOpMyBaHHS 30HU TEpeApyWHYBaHHA TIpU  BHCOKIH
TEeMITepaTypi, MOXKHA MPUITYCTUTH, 1110 i1 Yac MiITOTOBKU CTPUOKA TPIIIMHU OUIBIIICTh Yacy

Oyne 3ailmMatu TIpolleC YCTAJICHOI TOB3y4OCTi, Koiu £ =CONSt abo 5|t (O):const.
Tyr & — mBuakicts 3MiHM Jedopmanii B 30HI NEpeApyHHYBaHHS; O'_,t (O) — IIBUAKICTb

PO3KPUTTSI 30HU NIEPEAPYHHYBAHHS.
Toni cknaguuku piBHSHHSA (7) MOKHA 3aITMCATH TaK

=0, yi=09,; (11)
ot lp
w2(t) = [ 0,[8,(x) + 8, (0 Oax- [ 7,5, (x)dx (12)
0 0
Tyt |p — JIOBXKMHA MOYAaTKOBOI IUIACTUYHOI 30HU OIS BepIIMHH TpImuHU (puc. 2);

lpt — JOBXHMHA IJIACTUYHOI 30HM OIS BEPIIMHM TPIIIMHU MICHs iHKyOamiifHoTO mepiony
nepes CTPHOKOM TpiluHH; O, — KputuuHe 3HaueHHs O, (0);
o, =0,,+05A&"; (13)
0,, — TpaHuls Teky4docTi; A, N — mapaMeTpu ICTUHHOI JiarpaMd pO3TSITaHHS
PO3MIIAAYBAaHOTO MaTepiaiy MIACTHHH.
[IpencraBumo, sk i B pobortax [6,7], BenmumHy O, (X) y 30HI mepeapyHHYBaHHS

HAOJIMKEHO TaK:

8, (¥ =3, Of-x/1,}. (14)

JOBXKUHY IUIACTUYHOI 30HHU |p 3HAWIEMO 13 CHIBBIIHOIIEHb [UIS MaKpPOTPIIIUHH
8,0 =K /(GE), 1,=K/0? y surasai

l, =3, (OEq;™ (15)

Tyt E —monyns npyxHocTi; K, —Koe]ilieHT IHTEHCUBHOCT1 HaIllPY>KEHb.

Ha cmissignomrens (14) i (15), a Takox BiAmoBigHuX oOumcieHb, piBHsHHS (12) HaOyme
BUIIIAAY
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W ==[5,0+ 5,01 - 0. (16)

[Mincrasnstoun criBigHomeHHs (6), (7)1 (16)y piBusHHA (5), a Takoxx 3amiHIo0Oun t 9ac f
IHKYOAIiifHOTO TIEPi0y, IPU IKOMY

5,(0)+4,(0) =9,
JUIS  BHW3HAUCHHsSI KIHETHKH TIONIMPEHHS TPIIIMHU BUCOKOTEMIIEPATypHOI ITOB3YYOCTi
OTPUMAEMO PIBHIHHSA

9, (0)
_1 .
0, =0y 0,0y (O)
Bemnuuny y dopmyni (17) Bu3Ha4YaeEMo, BUXOMASYH i3 TaKUX MipKyBaHb. Mixk nedopmariiero
Marepiaiy Oinst BepunHU TpimuHA € 111 poskputtsim O, (0) icHye 3anexHicTb [8]

V =0.6666E

(17)

5,0, 0) =€, (18)
e €. —KPUTHYHC 3HAYCHHS &, .
3BicH,
5. (0)=¢ 3, [5.". (19)
HIBuakicts nedopmanii HOB3y4OCTI é’( ) i, (O) BU3HAYMMO TaK:
&=Ag", 6,0=Als, 0], A=A (20)

Tyr A M — XapakTepUCTHKH BHCOKOTEMIIEPATYpHOI MOB3ydocTi Matepiany. Ha ocHOBI
criBBigaorens (13), (18)-(20)piBusuus (17)3anumemo:

V = 0.6666EA[5, (053]0, - 520,5, )] (21)
JI71s1 TOBHOTH MaTeMaTHUYHOI MOJIEII J10 piBH;{HHﬂ (21) nomamo MOYaTKOBY i KiHIIEBY YMOBH:
t=0, 1(0)=1,, t=t, I(t.)=L, (22)
ne kputnuna nosxuHa | = |. Bu3Hauaerscs i3 KPT kputepiro [8]
o, (l.) =9,. (23)

Takum umHOM, KOJIM BifoMi craii marepiainy E, J., A, M, &, mepio TOKPUTHIHOTO
POCTY TPIIIMH BUCOKOTEMIIEPATYPHOT MOB3y4OCTI BU3HAYATH CIiBBigHOmEHHS (21)-(23).

JIBosikonepioguuHa cucreMa TpimmH. Po3rIsHEeMO HECKiHUEHY IUIACTHHKY
MOCJIa0JIeHy JIBOSKOIIEPIOUYHOI0 CHCTEMOIO MPSIMOJIIHIHHUX TPINMH JTOBXHHU 2| , IEHTpH
SIKHX PO3MIIICHI Y By3/1aX KBaJpaTHOI peuriTku i3 croponoro d . (puc. 3).

T 4

] 1 1
»L l »]/ l ll’ 0™"0.0012 0.0016  fm
Puc. 3. Cxema HABaHTa)KECHHS Puc. 4. I'padiuna 3aJISKHICTD

MJIACTUHH, TIOCJIA0ICHOT IBOSKOTICPIOUYHOI0  3aJIMIIKOBOI  JIOBFOBIYHOCT] TIJIACTUHU  Bif
CHCTEMOIO TPIILIUH. MIOYaTKOBOT'O PO3MIpY TPILIHHH.



Section 4 FATIGUE LIFE OF MACHINE PARTS 473

BBakaeThcsi, 10 TUTaCTWHA HArpiTa J0 BHCOKOI TeMIepaTypH, a Ha HECKIHYCHHOCTI
PO3TATYETHCSI PIBHOMIPHO PO3MOMUICHAMH 3YCHJUISIMH 1HTEHCUBHOCTI [, HANpaBICHHUMH
NEepIEHANKYIISPHO /10 JIiHINA PO3MIIIIEHHS TPIIIMHU. 3a/1a4a MoJisArae y BU3HaYeHHi yacy t =t.,
KOJIM JOBKMHA TPIIIMHU B pe3yibTaTi BHCOKOTEMIEPATYpPHOI MOB3Y4YOCTI MIgPOCTE [0
KPUTUYHOTO PO3MIpy |(t*)=|* 1 BimOyneTscsi pyiiHyBaHHA. [[is po3B’si3Ky Takoi 3agaul
piBusiHHs (21),3 BpaxyBaHHSAM pe3yibTaTiB poooTtH [8], HaOy/ie HACTYITHOTO BUTIIAIY:

V = 0,6666EA /0, [K2/K2]" - k2/K2]", (24)
Jlns BU3HAUYCHHS TEPIOLy JTOKPUTHYHOTO POCTy Tpimmau t =t. 1o piBasHHsA (24) momaemo
MOYATKOBY 1 KIHIIEBY YMOBH:

t=0, 10)=1,; t=t, I{t)=1, (25)
ne kputudny noxkuny | = |, BusHauaroTh i3 kputepiro Ipsina [8]
K, (p,l.) =K. (26)

Ha ocHoBi pesynprariB pobot [9] KoedimieHT iHTEHCHBHOCTI HampyxkeHb K, s
JTAHOTO BHITAJKy OyJe BU3HAYATHCS TaK:

1
K, = p(r)2(L+ 8770002 + 379010° 7124 - 26110° 2A° +O()), A=2d . (27)

Toni, 3 BpaxyBanusMm (27), ciiiBBigHomieHHs (24) — (26)Ha0ynyTh HACTYITHOTO BUTJISTY:

di _2EA ( pirt + 017 P2 + 1530072 p2r Al — 4541107 p277* A°l + O(/lB)Jm §

dt ~ 30, Ky
5 (28)
L P77t + 017p* /A + 1530107 p*rAY — 4541107 p?rr*A° + o(#)
K
t=0 100)=1,; t=t, I(t)=L. (29)
PoskaBmu piBHsHHS (28) 110 cTeneHsx A, oTpuMaeMo:
2\M 2 2
dt=2 | 032Ke | | 1- P14 (C 173+ 055mm) 2] - 055m |2 +0(1)|dI.  (30)
ZEA p I ch Ic
[poinrerpysasuu piBasiaHs (30),3 BpaxyBaHHsSM yMOB (29), oTpumMaemo:
2\M -l—m _ 1—m- 2 I 2-m _ 2—m-
s e & e
p Ic (31)

2 2 2
d (3—m) d°K. (4—m)
Jns kiibkicHOTO aHamizy cmiBBigHOmEHHS (31) 3a1aMO KOHKPETHI 3HAUCHHS MEXaHIYHUX

XapaKTePUCTUK 1 TapaMeTpiB BHCOKOTEMIIEPATYPHOI MOB3YYOCTI JIsi BHIAAKY MaTepiary
Allow 100, mo nocnimpkyBascst B po6oTi [2]. B pesynbrari oTpumaemo:

E=19010°MPa, o, =730MPa
A =322 10", m=753 d=003m, (32)
[, =001m, p=5025K,..
BpaxoBytouw 11e, criBBigHomeHHs (31)3Be1eMO 10 BUIIISLLY
t. = 0039+ 136107, %% - 12811071, - 363[107"%,*>* + 320010°%,°*.  (33)
3 gomomororo cmiBBignomenas (33) Ha puc. 4 mobOymoBaHO rpadiuHy 3aleKHICTH
3QITUIIKOBOTO pecypcy t =t. mmacTuHu mocinabiaeHoi JBOSIKOTIEPIOAUYHO0 CHCTEMOIO TPIIIUH

_220m[iem - 1] | 4p*(- 173+ 055ma) [ - 18] o /14)}

BiJl TOYaTKOBOI NOBXMHM TpimmHH |,. Sk BuaHO 3 pwmc. 4, 3aNMIIKOBAa JOBrOBIYHICTH
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IUIACTHHHU {. CYTTEBO 3aJIKUTH BiJl TOYATKOBOTO PO3MIpY TPIIIMHU 1 Pi3KO 3MEHIIYEThCS IPU

30inbIeHHi | .

BucHoBku

Ha ocHoBI mepioro 3akoHy TEPMOJIWHAMIKH, & TAKO)K OCHOBHHX ITOJIOKEHb MEXaHIKU
pyiiHyBaHHsI cpOpMyThpOBaHA MaTEMAaTHYHA MOJEIb /7l BU3HAYCHHS TEPioay JOKPUTHUYHOTO
POCTY TPIIIMH BUCOKOTEMIIEPATypPHOT MOB3YYOCTI B METAIIYHUX TUTACTHHAX.

3acTocyBaHHS MOJIENI MPOJIEMOHCTPOBAHO Ha MPHUKJIANl 334adl PO3TATY IUIACTHHU 3
JIBOSIKOTIEP1OIUYHOIO CHCTEMOIO TPIIIIHH.
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