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Friction Stir Welding FSW

SANPO web | Q&A | FSW
http /Iwww.sanpo- pub co.jp/omoshiro/ganda/fsw_1.html
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Computing Tomography CT

X1+X3=C1
X2+X4=C2
X2+X3=C3
X1+X2=C4
X3+X4=C5
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Laminography

( X-ray Laminography )

X-ray source

Detector

Fig. Schematically image of X-ray laminography
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Laminography

( Laminography with Synchrotron Radiation)
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A6061-T6 Al-Mg-Si (thickness 3mm)
A2024-T351 Al-Cu (thickness 3mm)

Table 1 Chemical compositions.  (wt %)

Si Fe Cu Mn | Mg Cr Zn Ti Al

A6061 [0.65 | 0.20| 0.30|0.06 {1.04 |0.13 | 0.04|0.02 [BAL
A2024 10.04 | 0.05| 4.2 |0.51 1.4 |0.02 [0.06 |0.01 [BAL

Table 2 Mechanical properties.

Tensile strength Proof strength Elongation
[MPa] [MPa] [%0]
A6061 336 318 15.7
A2024 440 295 15
FSW = FSW




RAjtch angle Contact pressure
\3 [deg]l Prove position

Rotation speed \\4-': constant
1400 [rpm] ;I Welding S_peed
41 [mm/min]
# Advancing s
0 TS
Retreating side 4

Shapes of the tool
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Welding Line L2 =

Advancing side Weld zone 7
—— &

Z S ] = i
) i

Retreating side —p— - N i

A6061 25 903 25

a Sampling pattern of specimens. b Shape of the specimen. )

Fig. 1 Fatigue specimen.
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Fig. Vickers hardness distribution of specimen
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0.3mm  0.3mm

Welding Line L2 \ °

Advancing side Id zone 7
—— &

Z = 3= ;
) i

Retreating side —P— - ~ i

A6061 25 903 25

a Sampling pattern of specimens. b Shape of the specimen. e

Fig. 1 Fatigue specimen.
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SPring-8 S"ti Mongomatogint 2 w&/ ( Sample m—
BL19B2 I 'ﬁSi(lll) I V.O) S
800mm
4 X-ray Energy 28 keV
4 Detector Distance 800 mm
4 Step of Rotation Stage 0.5 deg.
4 Exposure Time ~ 0.25 sec
2 Effective Pixel Size  11.4 um
4+ X-Ray CCD Size 992 x 402 pixel

H®angle 60 deg




(b) ® = 90 degree X-direction

Fig. Example of transmission image of the specimen.
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Imm

- N=1.5><10° cycle
- N=2.0><10° cycle

N=2.5><10° cycle

N=3.0><10° cycle

N=3.5><10° cycle

N=4.0><10° cycle
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Imm

N=1.5><10° cycle

N=2.0><10° cycle

N=2.5>10° cycle

3.0<10° cycle

=3.5><10° cycle

4.0=<10° cycle

N=4.5>10° cycle
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Fig. 5 Companson of suwurface fatigue cracks Number of cycles N , cycle

rop ced by SRCL with replica. Fig. Crack propagation curve atspecimen surface.
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Table Calculation result of stress intensity factor.

Surface crack Crack depth Aspect ratio Stress intensity factor
length b(mm) b/a Kmax (MPam*?)
N (cycles)
2a (mm)
SRCL (projection) SRCL (projection) SRCL (projection) Inside Surface
1.5x 10° 0.92 0.42 0.91 2.4 3.0
2.0x 10° 1.45 0.62 0.85 2.7 3.6
2.5% 10° 2.00 0.80 0.80 2.8 4.1
3.0x 10° 2.87 1.03 0.71 2.8 4.6
3.5x 10° 3.96 1.22 0.62 2.8 5.2
4.0x 10° 6.18 1.50 0.49 2.7 6.0
4.5% 10° .46 1.72 0.36 2.9 7.1

K

Kimax (SUrface)
inside)

Imax (
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Fig.12 Relationships between b/a, K and N/N;
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Advancing side (A2024) Retreating side (A6061)

\ A202d 5 S s

Longitudinal sectio

Loading |FESSE Loading
Direction Direction
-

Defects

Transverse sectio

Fig.2 Cross-sectional structure visualized by SRCL.

\ A/

A2024 = A606l =

Fig.3 Change in the slice image at area b with depth.




Fig.8 3D image

Drilled hole

of fatigue crack.

B B o

Retreating side (A6061)

Advancing side (A2024)

(a) Surface

(b)Cross section (D-D’)
Fig.9 Fatigue crack path inside the specimen.

(c)Cross section (E-E’)

d=0.34mm

d=1.36mm

Fig.10 Slice images of stir zone inside the specimen.

d=2.04mm
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