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Ductile-Brittle Transition Evaluation of Laser Welded Steel Metal
by Means of Small Specimen Impact Test

Toshihei Misawa, Seiju Takasa, Yoshifumi Naxano and Kohichi Y asupa

Synopsis :

Small specimen impact tests using miniaturized specimens with 1.5, 1.0 and 0.7mm square and 20mm length were
carried out to evaluate the toughness of a laser welded metal which has been difficult to estimate accurately by the
standard full or half size specimens due to a fracture path deviation from weld metal to base metal. Three kinds of steel
welded metals with a quite same chemical composition were examined : submerged arc welded metal (Type S), laser
welded metal on the submerged arc welded metal (Type L), and the submerged arc welded metal subjected to a
thermal cycle with water quenching after welding (Type T).

A reliable ductile-brittle transition temperature (DBTT) and fracture appearance transition temperature (FATT)
based on the data partitioning method were obtained by using the miniaturized specimens with keeping correlations to
those of the standard size specimen. The DBTTs and FATTs given by each size specimens showed a simple linear
correlation, though lower DBTT and FATT were given by smaller specimens. The laser welded metal composed of an
extremely fine acicular ferrite structure was estimated to have such an excellent toughness as 168K DBTT in
conversion to the standard size specimen. The small specimen impact tests using miniaturized specimens were
established as a useful method to estimate toughness in a small and narrow region of welded steels.

Key words : ductile-brittle transition ; toughness ; weld metal ; laser welding ; impact test ; small specimen ; miniaturized specimen

. transition temperature ; size effect ; acicular ferrite.
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Table 1. Chemical composition of base metal, welding wire and weld metal (mass%).

C S Mn P S Cu N C Mo V N Ti A B N O
Baseal | 0040 0.30 1.14 0006 0.001 0.20 0.20 001 0.001 0.035 0.046 0.008 0.033 0.0001 0.0040
Welding | 0.045 0.16 1.36 0.007 0.002 0.01 002 0.09 0.190 0.130 0.029 0.0080 0.0035
Weldai | 0041 031 1.28 0.009 0.003 0.13 0.14 0.03 0.063 0.026 0.020 0024 0014 0.0012 0.0035 0.0278

Table 2. Vickers hardness, cooling time and rate of
three type weld metals.

Cooling time from Cooling rate between Hardness
1073 to 773K / s |1073 and 773K / Ki/s Hv
(Submerged arc
Type S | 50.0 welding) 6 205
Type T [ 0.8 (water quenched) 375 308
Type L | 1.5 (Laser welding) 200 258

Fig. 1. Optical micrographs of the (a) base metal,
(b) submerged arc weld metal (type S), (c)
thermal treated submerged arc weld metal
(type T) and (d) laser weld metal (type L).
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Fig. 2. Geometry of the weld joint and the three
kinds of miniaturized specimens: (a) weld
joint, miniaturized specimens of (b) 1.5mm,
(c) 1.0mm and (d) 0.7mm square (unit : mm).
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Schematic illustration of the impact testing
machine for the miniaturized specimens.
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Table 3. Ductile - brittle transition temperature
(DBTT) and fracture appearance transi-
tion temperature (FATT) using by stan-
dard and subsize (half size) Charpy impact
specimens sampled from welded joint.

Subsize
5X10X55 mm®

Standard size
10X 10X55 mm>

DBTT / K[FATT / K|DBTT / K[FATT / K
TypeS | 224 207 208 191
Type T | 259 256 223 213
Typel | FPD FPD FPD FPD

FPD : not estimated due to fracture path deviation
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Fig. 4. An example of the ductile-brittle transition
curve showing a statistical reliability of the
absorbed energy obtained by the miniatur-
ized impact test.
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Fig. 5. Ductile-brittle transition curves and temper-
atures (DBTT) of (a) 1.5mm, (b) 1.0mm and
(c) 0.7mm square specimens.
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Fig. 6. The linear correlations between the DBTTs
of the standard impact specimen and the
subsize and miniaturized impact specimens.
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Fig. 7. Influence of specimen thickness on the
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miniaturized impact specimens.
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the different weld metals.
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