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Effects of Microstructure on the Fatigue Crack Propagation
Resistance in Dual Phase Steel

Jung Kyu Kim, Don Young Hwang and Seung Lark Park

Abstract

In this study, martensite-ferrite dual phase steel composed of martensite in hard phase and

ferrite in soft phase is made as model material, and the difference of fatigue crack propagation

behavior resulted from the structural size is investigated by fracture mechanics and microstr-

uctural method. The main results obtained are as follows;

1) Fatigue crack propagation rate is influenced by ferrite grain size. In other words, in the

low 4K region fatigue crack propagation rate is decreased with decreasing of grain size but

the difference of propagation rate resulted from the structural size is decreased as 4K is

increased.

2) The above result is explained by the degree of crack arrest effect of second phase for fatigue

crack propagation depending on the ratio of reversed plastic zone size to ferrite grain size.
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Table 1 Chemical composition wt%

C \Si[Mn]P\SICu{Ni
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|

—
S84t F
i

} 1200°C xinr F.C.
| S—

900°Cx tpr F.C.

hﬂﬂ

780°Cx 30min A.C. 1

300°C x SOminW.Q.

I

200%xihr T |

F.C : Furnace cooling A.C.:Air cooling
W.Q.: Water quenching  T.:Tempering

Fig. 1 Heat treatment procedure

Table 2 Metallurgical properties

(b) Series B

(@) Series A 200um
—_—

Fig. 2 Typical microstructures of dual phase steel

D|ValC Hardness (25g) |Hardn-
Series ess
pm| % % Martensite! Ferrite |ratio
A |132 48 96} 660 156 4.2
B 70 46‘ 9, 624 167 3.9
D : Ferrite grain size C : Connectivity®
Va : Volume fraction of martensite
Table 3 Mechanical properties
0.2% Proof Tensile Nominal
Series stress strength breaking
(kg/mm?) (kg/mm?) strain (%)
A 75 95 3.1
B . 76 101 12.5
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Fig. 4 Fatigue crack propagation rate as a function of stress intensity factor range



EEEBMS mETIERENA A BEMAKT 9 37

0t AK; kg /mm’2

AK=130

AK=1i0

4 o———"”o
£LK=90

/

ALK=70

—ime

" 1 | S SR EY
0" 70 90 0o 130
D (um)

da/dN (mm/cycle)

Fig. 5 Crack propagation rate vs. grain size for

different stress intensity factor ranges
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i

Fig. 6 Scanning electron micrographs of fracture
surface for A series. Arrow indicates direc-
tion of crack propagation
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Fig. 7 Scanning electron micrographs of fracture
surface for B series. Arrow indicates direc-
tion of crack propagation.
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"b) Series B(4K=108kg/mm?%?)

Fig. 8 Appearance of fatigue crack propagation
Arrow indicates of crack propagation(Dark
etching phase-martensite: Light-ferrite)
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Fig. 9 Degree of preferred crack path vs stress
intensity factor range

fEEmaA B2 9] Bitdl e A4 F
g2 AAe] 24 A& AR HE= ¥ £l A5}
o) w3 BH#fel slelde FEY AAe] F2HE &
et vgo| dKd] Aaglel A9 dFTE vl
Holet,

FAAAA 2E A sl QA2 HRABAY &
WRES 9 EHmERESS 4 dAw, & HEd g
o] A9 FRRE B WE 2 BE F24
9 AAE 9 HRBSC A8 7 @ Eel, TEAAT
2o A F ¥ o|FY A dF e m 5 Yl
b, 284 T AAMZ 2 Akl glolAE 4Ke)
7 Bl el AE s 4Ko| £237HE $3
7 $isted F9Y ik gst Wwdo] v EHEHH
o] =71*® (reversed plastic zone size: RPZS)q]
H3le] RPZSo| dlat fHEY] fEfkRe] »lel 4K 9
BAE Axsget. A KRl A+ RPZS 7 HEpfESH
HEiRfE7E & 9353 9= Hahn et al'®o] A qbgk K
@O=A s37tstgl =

RPZS=0. 132( 4K ) @

0y & ke BRRIBEE

o] A& el 18] Fig. 100}, Fig. 1064
& 4 2 uhsk Zol Al AL AK=150kg/mm?”?
o 72 RPZS7 &iHY #HRERe 27& dA &
3tz gl ik Bidl A 4K=100kg/mm*? 3 =]
A eolu] FHHY #ESkEuel RPZS7E Axzm e
olgl g AL Fig. 4(c)¢l Fig. 94 A}l gl v
st AE3 g3l el F RPIS7 2, & 4K
doddl gl AMe A$ RPZS 7t BHAES Mk
&l =74 ¥s Ao s 7] =24 B2 T
g A9 REEY(obstacle)»®® ol [EERE(barrier)®% 9]
o goll ‘*H‘l— FIAAAGF] st AT Bl 3l

2.0
AK 12
RP2S = 0132 ~—— .
(26
o |6F o Series A °
.o ® Series B
O3
c o
©
& L2 .
@
E L] o
F] °
& o8 . o
w ® [}
; L] o
= 04r . o °
. o
e , °
(-]
$—L 1 1 1 1 I3
0 50 70 80 o 130 150

&K (kg /mmP/2)
Fig. 10 RPZS/Ferr:te grain size vs. stress intensity
factor range



HEARmY BESTIgREN M fRAE 9 39

o] A& RPZS 7} &kl vls) Moz AN &
2K EiBEo =AM oAFE Addn EEHRAY
O Wl ¥ 4 97 A Ed BHe Al Ald &
dERAGe] A HE Aok 2y ¥ 4K
gde] gl A#, Bi 2T RPZS7 fHEY &
R vl MEEen Hoemz A 24ke] T
B e 9 EEHY 28E 546 FYIAL B

e At Akfel wEte o] ¢ Y3 F2
Y Bl A w5y o B EHTAER] el
Z715H] = Aol

TH AMY A% P& gKg o gJAE F2M
o] Fgo [EE: U EEH 4L FdE ETIHI
4K=100kg/mm** =7z FIERAZS A=7t
AY A AL HF24Ed WA FLEMRY Uk
(sensitivity)'®e] 7]qlgbcta F2==, B 2,
FAEBEAT et T AL Fig. 8Dy« 2
£ ks ol AEFHE EE4 H2 M HES A
o Rophgh Appact FdEe FEERC vlA = H2
18 Tl giko] A Lol dalo] glebm sl

4. & =W

HEEBNY HYTIERA S mav BusE
s 98¢ wer] S8 Al 24 tEd Al =5
24 szl 25 84 2359 HARBEE £
33 FEATIEREE 9 Bid v SERS
Jg-e AExGH. dA A vt Feh
1) 349 Fasﬁﬁ’@ Kihe BETLEREEN 93

< oAk & ¢ AK GG A& FHERe] =

TF T4 9 @EEE# AspstA vt 4K 9] A&t

oAl FESRIARY Aol g TAEREES Aol

= 74&ge)

2) oletet AL, & KAl A& EHHEBHEE
o] =7] RPZS 7} fe e =7 d vld A
7] wl Bl FEFHES A/holl AIglel H2 0] F
AHERY AL A FREK - R
7t o] AL sl H2H Bol g8d 7
b, 2Ed e AK9G A RPIS A AA=
2 A RS P B el H2M
2 74 #RY AAGETE A A HAR &
RRRE ZHA AR 2iEe 99 AXIEgS
AZstA Hell dgle]l Ut

7

Ao

B AdFE 1983WE @Ik o Ful AL
A8 FH5 3 Yr dTFHA “SlzFdAAAgy s}
7 Foll @ ST RS whE T FA gk 4}
2 T3}

References

(D) P.C. Paris and F. Erdogan, “A Critical Analysis
of Crack Propagation Laws”, Journal of Basic
Engineering, Trans. of ASME, pp.528—534,
1963.

(2) J.M. Barsom,

Steels of Various Yield Strength”, Trans. of

“Fatigue Crack Propagation in

ASME, Journal of Engineering for Industry,
series B, pp.1190—1196, 1971

(3) H. Suzuki and A.]J. McEvily, “Microstructural
Effects on Fatigue Crack Growth in a Low
Carbon Steel”, Met. Trans. Vol. 10A, pp.475—
481, 1979

(4) K. Minakawa, Y. Matsuo, and A.J. McEvily,
“The Influence of Duplex Microstructure in Steels
on Fatigue Crack Growth in the Near-Threshold
Region”, Met. Trans., Vol. 13A, pp. 439—445,
1982.

(5) J.K.Kim, M. Shimizu, and T.Kunio, “Effect of
Internal Stress in Fracture Behavior of Carbon
Steel with Duplex Microstructure”, Trans. JSME
(A), Vol. 46 No. 402, pp.173—179, 1980

(6) AAF, “BEEMHBMY WEEHA #X & BitH
Holl % RWEHY I, AYAATI=E
A, Vol. 7, No. 2, pp.123~129, 1973

(7) ASTM E647-78T, Tentative Test Method for
Constant-Load-Amplitude Fatigue Crack Growth
Rates Above 10-®m/cycle

(8) T. Kunio, M. Shimizu, K.Yamada, and H. Suz-
uki, “An Effects of the Second Phase Morphology
on the Tensile Fracture Characteristics of Car-
bon Steels”, Eng. Fract. Mech., Vol. 7, pp.411—
417, 1975.

@ 4z, H9z,

Compliance &”,

“Notch ## #E#2} Kikukawa-
AgAA RS =24, Vol 2,



40

No. 1 pp. 10—18, 1978

(10) K. Hamberg and B. Karlsson, “Crack Propaga-
tion in Coarse Two-Phase Steels”, Proc. 5th Int.
Conf. on the Strength of Metals and Alloys,
Pergamon Press, Vol. 2, pp. 1261—1266, 1979.

(11) Y. Nakai, K. Danaka, and T. Nakanishi, “The
Effects of Stress Ratio and Grain Size on Near
Threshold Fatigue Crack Propagation in Low
Carbon Steel”, Eng. Fract. Mech., Vol. 15, pp,
291—302, 1981

(12) H. Kobayashi, “The Influence of Microstructure

EME-HRE K- EE

of Material and Fracture Mechanisms on Fatigue
Crack Growth Resistance”, JSME, Vol. 80, No.
703, pp.493—497, 1977.

(13) G.T. Hahn, R.G. Hoagland, and A.R. Rosenfi-
eld, “Local Yielding Attending Fatigue Crack
Growth”, Met. Trans., Vol. 3, pp.1189—1202,
1972,

(14) A.J. McEvily, “Recent Research on Mechanical
Behavior of Solids”, University of Tokyo Press,
pp. 329—340, 1979.



