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Abstract

Burr grinding, Tungsten Inert Gas (TIG) dressing, ultrasonic impact treatment, and peening are used to
improve fatigue life in steel structures. These methods improve the fatigue life of weld joints by hardening
the weld toe, by improving the bead shape, and by creating the compressive residual stress. In this study,
a new post-weld treatment method improving the weld bead shape and metal structure at the welding zone
using Friction Stir Processing (FSP), a welding process, is proposed to enhance fatigue life. For that, a
pin-shaped tool and processing condition employing Friction Stir Processing (FSP) is established through
experiments. Experimental results revealed that fatigue life is improved by around 50% compared to
as-welded fatigue specimens by reducing the stress concentration at the weld toe and by generating a metal
structure finer than that of flux-cored arc welding (FCAW).
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(a) Boundary condition
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Fig. 1 Boundary condition and stress-strain curve

Table 1 Stress concentration factor(Kt) according
to mesh size
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Fig. 2 Radius of curvature and contact distance
Table 2 Stress concentration factors vs. radius of
curvature
Contact
D . ] h 1 t Y
(mm) Distance (degree)| (mm) | (mm) | (mm) K %
(mm)
0.5 1 135 10 129.94| 25 |2.36| 11
1 2 135 | 10 [29.94] 25 | 2.1 | 0 (b) FSP
2.4 3 135 10 |29.94| 25 |1.81 | 13 Fig. 3 Stress distribution of as-weld and FSP
4.81 4 135 | 10 |29.94| 25 | 1.56| 26 model
7.21 5 135 10 (29.94| 25 |1.44 | 32
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Table 3 Kt of as-welded ¢ FSW

Top(Kt) Bottom (Kt)
As-weld 2.05 1.99
FSP 1.17 1.48

3. FSPo| ofst 73 =
3.1 tooldE ML TSR

AAZ FSP 71e2s 28] S8 Hegloll Table
49} 242 471A19] toolE, too &= 500, 1,000rpm,

Table 4 Shape and dimension of tool

Type A B C D
Shape
Sh;‘ffer 012 010 06 06
Pzr%os;)ze o4 25 23 X
Pin size
(Bottom) 03 o 02 X
d}e)rl)rtlh 2mm 2mm 1.5mm X
343
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Fig. 6 Fatigue testing machine

Table 5 Conditions of fatigue test

No. Tool R;t)i‘zlgn 'IS‘E:;Z] Stress R Quantit]
WP\ (rpm) | (mm/min) (MPA) y(EA)
TC1 1 500 60 280 | 0.1 1
TC12| C 500 60 240 | 0.1 1
TC1 3 500 60 260 | 0.1 1
TD1 1 1,000 180 280 | 0.1 1
TD1 2 1,000 180 260 | 0.1 1
TD1 3 D 1,000 180 240 | 0.1 1
TD2 1 1,000 60 280 | 0.1 1
TD2 2 1,000 60 260 | 0.1 1
TD2 3 1,000 60 240 | 0.1 1
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Fig. 7 Shape of specimens
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Fig. 9 Fatigue testing results
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Table 6 Stress concentration factor of fatigue specimens
Fracture position TC1 1 TC1 2 TD1 1 TD1 2 TD2 1 TD2 2
*TL 1.947 1.623 1.667 1.667 1.859 1.776
TR 1.794 1.509 1.640 1.640 1.959 2.239v
BL 2.069 1.949v 1.859 1.859 1.825 1.876
FBR 2.219v 1.789 1.911v 1.911v 2.350v 1.862

*TL @ Top Left,
V' fracture position in experiment

Fig. 11 Stress distribution of TC1_1

TL TR

BL BR

Fig. 12 Fracture position of specimen
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**TR : Top Right, ***BL : Bottom Left, ****BR : Bottom Right
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