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Abstract: The aim of this paper is to investigate the effects of crack orientation on fatigue crack growth
behavior in friction stir welded (FSWed) Al 7075-T651. Fatigue crack growth testing was conducted on
compact tension (CT) specimens machined from the friction stir welds and the base metal under constant
stress intensity factor range control. Tests were performed with the crack propagating nominally perpendicular
to the weld line (termed the TL specimen) and the crack propagating in a parallel direction of the weld line
(termed the LT specimen), and with three different constant stress intensity factor ranges. Both these
specimen orientations were found to have a considerable effect on the fatigue crack growth behavior. Paris’s
law was adopted for the analysis of experimental results; the exponent m of the WM-LT specimen was
determined to be 3.56, which was the largest value in this experimental conditions.
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Table 1 FSW conditions for this study

Shoulder | Rotating | Welding | Probe Probe
Diameter | Speed Speed | Length | Diameter
(mm) (tpm) | (mm/s) | (mm) | (mm)
20 800 0.5 5.85 9.0

Welding
direction

' I Advancing

Retreating 2 | Side

ir

250mm

100mm

Fig. 1 Schematic illustration of specimen cutting for
crack orientation
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for TL crack orientation;
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Table 2 Mean FCGR for crack orientation

SIFR E[LT(da/dN)] E[TL(da/dN)]
[MPa(m)'"?] [mm/cycle] [mm/cycle]
8.0 1.51E-4 2.26E-4
11.5 4.69E-4 5.50E-4
15.0 6.82E-4 9.56E-4
18
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r Constant AK =8.0 MPa(m)"*
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x10° 4x10* 5x10*

Number of cycle, N(cycle)
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0 MPa(m)"?
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(c) Case of AK=15
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Fig. 2 a-N curves for case of BM specimens
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Table 3 Mean FCGR for crack orientation

SIFR E[LT(da/dN)] E[TL(da/dN)]
[MPa(m)’"] [mm/cycle] [mm/cycle]
8 4.69E-5 2.79E-4
11.5 1.53E-4 6.60E-4
15 4.46E-4 1.31E-3
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E 10° F
s
S
3
&2 10°F
Q0
2 BM-LT ; m = 2.40, C = 1.05E-6
Slope : BM-LT > BM-TL

10
35 10 20 30

Stress Intensity Factor Range, AK(MPa(m)'?)

Fig. 3 da/dN -AK for case of BM specimens

Pre-crack

TL Orientation

Crack growth path
Pre-crack i

Fig. 4 CT specimen illustration and the microstructure
for LT and TL specimen orientation
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Fig. 5 a-N curves for case of WM specimens
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Fig. 6 da/dN -AK for case of WM specimens
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Fig. 7 Comparison of fatigue crack growth behavior
of BM and WM for specimen orientation
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Table 4 Paris equation coefficients for BM & WM

crack BM WM
orientation LT TL LT TL
C 1.05E-6 1.92E-6 2.77E-8 2.38E-6
m 2.40 2.30 3.56 2.32
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x 4

Crack line

Fig. 8 Schematic illustration of fatigue crack growth
path and the microstructures for WM-LT
specimen
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Fig. 9 Schematic illustration of fatigue crack growth
path and the microstructures for WM-TL
specimen
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