I 740

i g 3

$ & $@ Vol 84 (1998) No. 10

Ti B A SRS

FEBOFEICKT S

J Ve —

BERDOHR

Bl ®—* - 4l

I -

iz *

Effect of Thermal Cycles on Toughness of Heat Affected Zone of a Ti-killed Steel

Ken’ichi YOKOYAMA, Hiroaki ISHIKAWA and Michihiko NAGUMO

Synopsis : Toughness and related characteristics of microstructures are examined on heat affected zone (HAZ) of weldments of Ti-killed steel given sin-

gle- or double-heat cycle treatment. Brittle fracture initiation and stable crack propagation behavior are examined from fracture toughness

test, observation of tensile deformation microstructures and local strain distributions. It is revealed that resistance for the stable crack propa-

gation of Ti-killed steel is hardly affected by the simulated thermal cycle conditions. However, the ductile-brittle fracture transition tempera-

ture increases in double-heat cycled specimens compared with single-heat cycled specimens. It is also revealed that higher strain concentra-

tion takes place at the prior austenite grain boundary in a double-heat cycled specimen. It is discussed that strain localization leads to the brit-

tle crack nucleation.
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Table 1. Chemical composition of the steels (mass%).

C Si Mn P S Cu Ni

Cr

Mo Nb \ Al Ti Ca N

A 0.062 0.363 1.47 0.010 0.001 0.91 052 024 0.11 0.011 0.025 0.028 0.012 0.0017 0.0037

B 0.057 0.248 1.40 0.006 0.003 0.93 0.41 027 0.10 0.011 0.030 0.003 0.016

0.0022
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Fig. 1. Scanning electron micrographs of specimens of (a) AS-series, (b) BS-series, (c) AD-series and (d) BD-series.
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Fig. 2. Size distribution of M-A constituent along the prior
austenite grain boundary in the double cycle speci-

mens.
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Fig. 3. Size distributions of o areas of (a) single cycle
and (b) double cycle specimens in A and B steel.

Table 2. Microstructural and mechanical properties.

Area fraction of @ Mean lath width

Series ®er) (1 m) Oy(MPa)  Omax (MPa)
AS 18.3 1.4 523 777
AD 18.7 1.2 531 807
BS 13.7 2.1 471 714
BD 10.2 1.9 475 756
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Fig. 4. Energy transition curves of 2mm V-notch Charpy
tests.
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Fig. 5. Temperature dependence of the J-integral values at
the onset of partial load drop.
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Fig. 6. Fractographs of the fracture surface (a) BS and (b)
BD-series specimen. The initiation site locates near
the boundary of unidirectional and convolutional
river flow areas.
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Fig. 7. J-integral values associated with the advance Aa of

the stable crack.

Fig. 8. Scanning electron micrographs of the same area of

an BS-series tensile specimen (a) before and (b)
after tensile test at 20°C by 26%.
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Tensile direction

Fig. 9. Scanning electron micrographs of the same area of
‘ an BD-series tensile specimen (a) before and (b)
after tensile test at 20°C by 29%.
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Fig. 10. Scanning electron micrographs of the same area of tensile specimens (a) before BS, (b) before BD, (c) after tensile test at
20°C by 26% BS and (d) after tensile test at 20°C by 29% BD-series. Mesh for measuring strain is superposed on (a) and
(b), (e) and (f) tensile strain distribution of (a), (¢) and (b), (d).
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