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A Study on the Fracture Resistance at the Crack Tip in Dual Phase Steel

Jung Kyu Kim, Jae Min Oh and Hyung Chai Kim
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Plastic Constraint(44F<4)

Abstract

The estimation of fracture toughness in inhomogeneous material is still insufficient because it
is difficult to get information of fracture initiation at the crack tip. Therefore, martensite-ferrite
dual phase steel was prepared for a model material and micro-fracture behavior was investigated

in the region of pre-fatigue crack in order to understand the characteristic of fracture resistance

in inhomogeneous materials.

In the case of severely inhomogeneous state, micro-fracture appearance is not distributed ho-

mogenously so that the estimation of fracture toughness is hardly possible. On the other hand

when the grain size is refined or the strength of martensite is lowered, micro-fracture appearance

is distributed homogenously and fracture toughness remarkably increases.
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Table 2 Metallurgical and mechanical properties
Vm c Hardness Yield Tersile ; Reduction
Series (um) (%) (%) strength strength of area
# o 2) | Martensite [ Ferrite | (MPa) (MPa) ()

A, 683 | 232 1| 817 16. 4
A, 79 42 89 530 j 194 422 735 32.8
A, w08 | 2 282 6a2 | 441
B, 649 228 456 ] 862 93.6
B, 61 38 90 531 191 451 840 32.7
B, 21 | am 410 638 { 49.8
Co 607 233 180 | s } 3.4
C, 35 39 9% 576 203 436 \ g8 | 401
C. 415 187 35 | e | 563
D, 592 240 481 925 37.4
D, 17 41 91 528 205 486 819 46.5
D, 412 192 514 680 | 6.9

d : Ferrite grain size, C : Connectivity of martensite, Vm : Volume fraction of martensite
* Tension test (KS B 0801-7, Cross head speed : 0. 5mm/min)
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Fig. 2 Heat treatment procedure

Fig. 3 Typical microstructure of dual phase steel

o 0.5mm/min¢] AT WelLE=2 3AFTIALE
Pt m, old mrAdzie oAl FFATS AT
2 wolo] Wi AlEE X-Y7SAA JFAA FT—
d2an e T4 Fagch s A4 A% 5
AAEe FAAA A A8 Add FAY 3/8~
5/ Bug FegArke 7 Hel 500um o o] G
ol ARG T TIAAY Ao ol T FA YT ¥
2o gy or &A% Tegch

stz AdY Hote AoAl—DoA g A A—D; A
A= stal4 e AuA ¥ Ze ol ASTM E
309 o] TA o] gl Awn (strength ratio) R =4
Hetdz A, A—D, Al A4 e JSME S 00174

1

K

HEe] 9 RIFAH L o] &3te Hrtsigdet, ol
= g Jghe g 4o Ty
_ 6PmaxW
R= B(W—a)to,. @
J= 24 @

" "Bb

Prex: #3—51340 9 3249 Au5%

woA"Es F
a :FdAe]
Oy EAEZLE
DS —aFAAs F4 ol=l 24
b o:eAdE E, W—a
B :A¥sd 54
3. NEEL U 2E

3.1. Z2FIMCtolA]o) mln|7HA] kA

Fig. 4 & sl2FdAte] AR u Aspwd k4]
EAQ 24 AAYAY dlid wHE v]Asta] k4t
o Fol& e Fa vk AR YA 2HI Ao
o AL sjzgaddgd £453, 9559 4 o
Asta7b 2Astn gAT 47l 7 wAAtE Do A
A AL 24 F3te JSalynute] FAAR AHA 9
oo Yz Qb T 2HA sk kAL F
AAL4E A Adel £HFHE AT g9l Fel
BoEman g jul Age] EFYE AL
Az e BFAA vtz JA= ] FAdd o
3 okato] ulAzA e Wi, F szl A4 Y
ulz el o] EY A3t vl oW it Aol & el
Wieste sastgch Fig. 58 A4 dAwo] ohE
Ao A —Do A9 S| 2FAAde] AHA F2e] v 4]}
5 dd e Ho| % FTIAA ubkdl 4 o2 ghabsle
AR Asbolet. AA YA o] wlAlEgte el &t
otz el gz okare HAgE = AEE d9o) 72

—



3¢z

3
N

'.xz'ﬁ
“%?

By
S ‘*&@ X G

(a) Series A,

Fe] dAAd el A s =gl RF 4T 567

(b) Series D,

SZ : Stretched zone, D : Dimple, C: Cleavage facet, PR : Pre-fatizue region, SR : Stable fracture region

Fig. 4 Fracture appearances at the crack tip
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Fig. 5 Formation of micro-fracture at the crack tip
line for as quenched series
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Fig. 6 Micro-fracture proportion versus grain size
for as quenched series
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Fig. 7 Stretched zone proportion versus grain size
for 200°C and 400°C tempered series
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Fig. 8 Fracture appearances in the region of stable fracture
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