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Effect of Microstructure on Fatigue Crack Propagation Behavior in Ultrafine-Grained Steel
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Fatigue crack propagation behavior of ultrafine-grained steel with the average grain size of less than 2 um was investi-
gated. The effect of microstructure and crystallographic orientation was investigated by EBSD (Electron Backscatter
‘Diffraction) method. The results show that crack propagation rate was larger in the ultrafine-grained specimen in spite
of the small grain size than that in coarse-grained specimens when compared at the same stress intensity range. The
improvement in the crack propagation behavior is attributed to the roughness-induced crack closure primarily due to
the bifurcation. The mechanism of the bifurcation was explainable by introducing the slip factor, ¢, considering the slip

systems in the stress field at crack tip.
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Table 1 Mechanical properties and grain size.

. Mechanical properties (MPa) | Grain size (um)
Material

Oy OB Swo ds dr dp

UF 446 520 285 1.8 31 45

M 368 476 245 6.7 96 8.6

L#CH5. UFMOEXFEEREEEY Fig. 1(b) ITR”T. E
FEWZ KD AESRLIILE S RIS E LTV D Z e bh 5.
RO X 0K M A ERIT 5720, MM E2EL
(1200 °C /5hr) T35Z 21289, dg ¥ 120um TH
5 UC MEH L. RBAIXVA YREMLIZE Y E
SEHEBSTTEEE EITIC 2D L O ERL, BRI
BRI L @it BT, BOIES ERHOGIER
BRIz R B 2ER L. SHOSETHOH
2203, IR P RIOEA L7 ERR S0 pm, X 100
pm® RY R EREAELZEREFIIH L TTo

22 EFRBRELUEBSD 8B EyRRIIRE, KK
1, A R=-1 TiTo7z. AR & RBRA CIIHE
BB 2T RKEXHORETHBRITWE—ET
{To7z. UF M ClIiE BRiA MR-, SROBERIZE
WEZLEFORSRA B USSR R T2 Z &4
2. JE o T & RIS T ORS & T NRIT 21T © 72912
i, TEBNERTIANCEIHER EoFERICE VTS
FRREZITY, TREBZEOWERFR L HBKRFTS
VENDH L. KIFETIE, KEAIEZERITHANICE
ZURTI5%9 100 X 100 p m® DEiPA % EBSD #4Z K 0 #llE L
7-. X EE RO ITAL, EREH% O R FLE XL U'SEM

(a) Specimen orientation.

(b) Etched surface of UF.

Fig. 1. Schematic of slip system and the coodinate.
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Fig. 2. Schematic of slip factor £ .
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Fig. 3. Relation between crack propagation rate and
stress intensity range.
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Fig. 4. Relation between fatigue strength and equivalent crack length
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(b) EBSD after fatigue
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Fig. 5. EBSD IPF map of intragranular bifurcation.
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Fig. 6. Schematic of crystallographic orientaion of grain with
intragranular bifurcation.
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Fig. 7. Schematic of slip planes for intragranular bifurcation.
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Fig. 8. Schematic of intragranular bifurcation formation.
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