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Microstructures and Mechanical Properties of
Friction Stir Welded High Strength Steels for Shipbuilding

Woong-Seong Chang* and Ki-Yong Choi*

*Welding Research Center, RIST, Pohang Kyongbuk 790-600, Korea

Abstract

In an attempt to evaluate the feasibility of friction stir welding(FSW) for joining carbon steels. microstructures and
mechanical properties of friction stir welded carbon steels with different grain structures were investigated. In
comparison of O-type stir zone(SZ) appeared in various aluminium alloys, configuration of SZ in friction stir welded
carbon steels displayed U-type. Plastically deformed pearlite band structure was identified to swround the SZ,
indicating the existence of so-called thermo-mechanically affected zone(TMAZ). However, the TMAZ of carbon steels
was much narrower than that of Al alloys. The microstructures of both stir zone and TMAZ revealed bainite matrix in
a conventional carbon steel for shipbuilding, while, in the same region, ferrite matrix microstructures were formed in a
low carbon fine grained steel. The conventional carbon steel showed superior stirring workability to that of the fine
grained carbon steel. The yield and tensile strength of the friction stir welded joints were comparable to those of the
base metals, and the elongation in welded joints demonstrated excellent ductility. Absorbed energy in SZ of the fine
grained carbon steel was ten times higher than that obtained from conventional submerged arc weld metal of the same
steel. Based on these results, the application FSW to carbon steels was found to be feasible.
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Table 1 Chemical composition of carbon steel used.

(wtZ)
Thick-
Steel| C | 81 |Mn| P S 4 ness Fe
(mm)

A ]0.14{0.25/1.10/0.010|0.004/0.010{ 11 bal.

B |0.09/0.12/1.480.0006/0.030/0.019{ 12 bal.
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A=A A (10kef, 15sec), 1FAE(BS EN 10002-1:
1990) 2 Ak=3] FZAIE(ASTM E23-82)F 4Alsld
B7lereich, Ade] ZAldH= Mi=2(band layer)©]
Z2 &5l dA] (impact absorbed energy)el F¥E
v 9= EAAHIAS Z7|E subsize(10mm

x5mm) 2 7HE5Hit

Table 2 Friction stir welding conditions applied

Tool rotation
speed

A400rpm

Parameters Travel speed| Down load

Conditions 120mm/min| 50kN
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(h) Steel B

(a) Steel A

Fig. 2 Surface roughness of friction stir welded
carbon steels(X-axis mm, Y-axis m)
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Steel A

Fig. 5 Microstructural variations with locations
in I'S welded joint of carbon steels
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