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1. Introduction

- In a previous investigation at Sapa Technology [1,2],
fatigue tests were performed in friction stir welded butt
joints in AA6061-T6 and in AA6082-T6.

- FS welds were made using an in-house 5-axis TOS
milling machine at Sapa Technology = therefore called
“laboratory welds”.

- Two types of welds were obtained: flaw-free welds and
welds containing flaws (by deliberately choosing welding
parameters outside the common process window).

- Fatigue strengths of flaw-free FS welds in both
materials were very good.

- For the present project, friction stir butt welds in
AA6061-T6 and AA6082-T6 were made in the Sapa long-
length facility in Finspong = therefore called “production
welds” in this presentation.

[1] S. Kahl. “The influence of small voids on the fatigue strength of friction stir welds in the aluminium alloy AA6061-T6”. Heron, Vol 55 (2010).
[2] S. Kahl. “Fatigue strength of friction stir welds in aluminium alloy AA6082-T6". 8™ International TWI Friction Stir Welding Symposium (2010). Slide 2



2. Experimental procedure Sa pa :

Mechanical testing

- Tensile tests: according to 1ISO 6892-1:2009 A v ,

- Bending tests: free-bend with root under tension Refreating side >< P

- Micro hardness tests: Vickers at 200 g load fffj: et

- Axial stress-controlled fatlgu? tests. L /\; X'*\I\BM TP
" 100 Hz testing frequency. ! [ 7 Wed TMAZHAZ

Load ratio (R = S,,,/S,,.,) equal to 0.5 /V nugget
Tests stopped after 40 million cycles.
Test temperature = 20 + 2 <C.

Weld surface

Optical microscope inspection

)
- Metallographic investigation of small pieces in T A

the vicinity of the welds. ~ |
- ldentification of the fatigue crack initiation C\ . JZBomers
sites in optical stereo microscope. -
AN
Root side Inside the material
Sapa Technology

Slide 3



3. Results Sa pa :

3.1 Metallographic inspection of the welds

AAG061-T6
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Metallographic samples confirmed the absence of cavities or incomplete
penetration of the production welds
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3. Results Sa pa :

3.2 Tensile tests

AA6061-T6
Specimen Ry0.2 (MPa) R, (MPa) Asomm (%)
FS welds 144 + 3 226 + 1 8.6+0.8
Base material 265+ 0 287+ 0 11.7+05 .
Mean value + 2 standard deviations
Joint efficiency - 79+ 0.4% -
AA6082-T6
FS welds 173+ 4 269 + 3 8.2+0.5
Base material 300 +2 348+ 0 17.4 + 0.1
Joint efficiency - 771 0.9% -

In tensile test, all fractures occurred in the TMAZ-HAZ
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3. Results

3.3 Bending tests

Eight specimens of FS welds in
AA6061-T6 and four in AA6082-T6.

No incomplete penetration
was detected!
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3. Results

3.4 Micro hardness tests
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Distance from the center of the weld (mm)
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- The hardness profiles were
symmetric with respect to
the center of the weld.

- The hardness of the weld
nugget was lower than in the
TMAZ-HAZ for both
materials.

- The micro hardness in the
weld nugget of the FS weld
in AA6082-T6 was slightly
higher than of the FS weld in
AA6061-T6 (8-10 VHN)

Slide 7



3. Results Sa pa :

3.5 Fatigue tests: Stress-life curves by crack initiation sites

o
© |* Inside the material, TMAZ-HAZ Base material
. —— Weld surface, TMAZ-HAZ —&— Weld surface, through weld nugget
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_— Root side, TMAZ-HAZ — — - Median S-N curve for all specimens
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3. Results

3.5 Fatigue: Stress-life curves by crack initiation sites

FS welds in
AA6082-T6

- No correlation was
found between the
crack initiation sites and
fatigue life.

- The presence of
surface galling did not
reduce the average
fatigue life of the
production welds.

Sapa Technology
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—&— Weld surface, through weld nugget (surface galling)
Weld surface, through weld nugget (without surface galling)
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Stress amplitude (MPa)

3. Results Sd pa .

3.6 Fatigue: Production welds vs. laboratory welds

O o _ *®
© —A— Production welds © . —8— Production welds
— Laboratory welds — Laboratory welds
- 95% Confidence band | & - 95% Confidence band
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Cycles to failure Cycles to failure
No statistically significant difference between the fatigue lives of the production welds and the
laboratory welds despite of substantial differences in tools and welding parameters.
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3. Results Sd pa .

3.7 Fatigue: Production welds in AA6061-T6 vs. AA6082-T6

o |
© —A— AAG061-T6
- The scatter of the fatigue data —o— AA6082-T6
in AA6082-T6 was smaller than =
in AA6061-T6. L 5
- The difference between the §
stress-life curves of production = 31
welds in AA6061-T6 and %
AA6082-T6 was not statistically "
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3. Results sa pa .

3.8 Fatigue: Production welds vs. results from other publications

o | o |
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— Sapa FS welds (R=0.5) Reference [5] (R=0.2)
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- All fatigue tests performed in axial stress-controlled mode with positive stress ratios (up to R=0.5).

- R=0.5 is the severest stress ratio.
- Considering the differences in stress ratios, Sapa FS welds show excellent fatigue strengths.
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3. Results

- The design curve from
Eurocode 9 gave very
conservative fatigue life when
compared to the production
welds.

- Other authors have reported
similar results.

- The small scatter in the
fatigue data in the production
welds in AA6082-T6 represents
a design advantage as
compared to AA6061-T6.

Sapa Technology
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3.9 Fatigue: Production welds vs. design curves from Eurocode 9 [8]
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4. Conclusions (l)

The following conclusions can be drawn from this
investigation:

 The joint efficiencies of the production welds were
similar (77% and 79%)

« The fatigue life of FS welds in AA6061-T6 with cracks
that had initiated in the corners or in the root side were
shorter than the fatigue life where the crack had started in
the weld surface.

« There was no correlation between the fatigue life and
the crack initiation sites in FS welds in AA6082-T6.

« Surface galling of the weld surface of FS welds in
AA6082-T6 did not reduce the average fatigue strength.

Sapa Technology Slide 14



4. Conclusions (ll) sa pa :

« There was no statistically significant difference
between the fatigue strengths of the FS welds in
AA6082-T6 and AA6061-T6.

« The smaller scatter in the fatigue life of production
welds in AA6082-T6 represents a design advantage as
compared to AA6061-T6.

« Sapa FS welds made in full scale production
showed excellent fatigue strengths when compared to
results published in other articles.

« The design curves from Eurocode 9, which are valid
for fusion welds, underestimate the superior fatigue
strength of the FS welds.

Sapa Technology
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If you have any questions regarding this presentation or if you would like
to have a copy of the complete paper, please contact Jesus Mendoza.

Email: jesus.mendoza@sapagroup.com
Telf: +46 733 10 22 38
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