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Friction stir welding (FSW) & friction stir spot welding (FSSW) on
surface clad Alclad® aluminum alloy sheets

FAB ! ARmikBhiEx 244 ER Alclad®M k2 ARG 47
(FSW) #2 B 32 38 3¢ 25 42 (FSSW) A %%,

1. Materials (‘& 541 #})

Alclad® aluminum is an aluminum alloy sheet laminated with an
extremely thin layer of pure aluminum onto each side for corrosion
resistance. Typical application of Alclad is aircraft skin or components.
Friction stir lap welding has been developed for the manufacturing of
sheet metal parts in aerospace industry.

2. Status of research: Material flow in friction stir weld of Alclad®
aluminum alloy sheets

PR - R BIEF e 886 2RI FSW 28 XA MRS 3 &

The material flow patterns in the friction stir lap joint and especially the
flow patterns of the thin pure aluminum layer coated on the surface of the
aluminum alloy sheets are crucial to the quality and strength of the weld.
We found that the thin aluminum layer was a relative intractable layer to
some probe shapes. It remained a horizontal layer in the stir zone despite
the penetration of the stir probe into sheets and a sound friction stir lap
weld was achieved when using a cylindrical threaded or an eccentric
triangular probe as shown in fig.1. Welding parameters had insignificant
influence on the flow patterns. By using tools of triangular threaded or
partial cylindrical threaded probes was it then possible to cause material
flow in the stir zone having vertical movement and to stir the thin
aluminum layer into distorted or broken shapes. Threaded cylindrical or
triangular Probes caused the thin aluminum layer became a bowed layer.

Corresponding to the material flow modes, four types of failure
modes were observed after tensile test. The fracture occurring at the
narrowest effective thickness on the upper sheet due to bowed aluminum
layer revealed a lowest strength while the horizontal flow of aluminum
layer caused a horizontal shear with improved strength. The distorted or
broken interface resulted in a fracture at stir zone. Well stirred aluminum
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layer achieved by using a partial cylindrical threaded probe corresponded
to a tensile fracture at base metal. The latter two modes enjoyed a
substantial higher strength.

—_— — - -

(a) Horizontal flow resulted from eccentric triangular probe . The fracture mode is horizontal shear.

(d) Well stirred zone resulted from partial cylindrical threaded probe. The fracture occurs at base metal.

Materials flow types at interface and the corresponding fracture modes resulted from different probe types
Fig.1 Material flow of Alclad layer at interface of FSW and the fracture
types

Bl — & @452 484 4 IR Alclad®p# 2 B 55 45 1 47 18 L bt

HRBRA -

Similar to FSW, the pure aluminum Alclad layer at the cross section
of an Alclad 2024-T3 FSSW weld cannot be stirred into the weld nugget
as shown in figure 2. The Swept-FSSW process, fig.3, is a potential way
to overcome this problem. The clad bonded on the surfaces of 2024-T3
sheets can be uniformly stirred and distributed inside the stir zone due to
the circular tool path of Swept-FSSW. However, the Al-clad layer still
extends a bit distance beyond the crack tip and disappeared inside the stir
zone as well, as shown in fig.4.



Fig. 2 The cross section of an Alclad 2024-T3 friction stir spot weld
showing the intractable Alclad layer after FSSW.

= R\ B L2 2024 455 4 AR B AR B AR @A R
A -

Swept Spot Friction Welding Process

a) plunge b) move out c) begin sweep

(FSSW)

Fig. 3 Schematic illustration of a swept-FSSW process.
= R BEEHERRMTE



(b) (c)
Fig.4. The cross section of an Alclad 2024-T3 Swept-FSSW showing
crack tip resulted from Alclad layer.

Blva {R-o BT H47 Bh AR R &) SR L8R 1

3. Problematic (4§ #4725 % I #8)

Although the Alclad layer on the 2024-T3 sheets could be well stirred
and uniformly distributed inside the stir zone by the combination of
appropriate probe shape and Swept-FSSW process, the geometric features
of the Alclad interface is disadvantageous to the strength of FSWs and the
failure strength and fatigue life of Swept-FSSWs.
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University of Applied Sciences
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Kanalstr. 33
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Germany

® Joining / process development (friction stir spot welding = FSW with
refill-tools)
in cooperation with Harms und Wende GmbH & Co. KG

® Process analysis (high-speed measurement, thermography...)

® Quality assurance

® Metallography, SEM

® NDT (visual testing, ultrasonic testing...)

® Shear tests, fatigue tests (Testing)
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Material science

® Experimental thermo-mechanical simulation (Gleeble 2000 A-A)

® Failure analysis

® Micro structure analysis

L

L

Numerical modelling (micro mechanics....)
Friction Stir welding (Equipment: ESAB Legio machine)
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® Joining / process development (friction stir spot welding = FSW with
refill-tools)
® Process control / Quality assurance

Helmholtz-Zentrum Geesthacht, GKSS

Instiutute of Materials Research

Max-Planck-Strafle 1

21502 Geesthacht

Phone: +49 (0)4152 87-0

Fax: +49 (0)41 52 87-1403

® Joining / process development (friction stir welding robots)
® Basic research on material flow
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Friction Stir Welding and Fabricating of Parti-culate reinforced Al
6061/SiCp Metal Matrix Composites

Jong-Ning Aoh™*, Jyun-Syong Lin', Chih-Wei Huang', Lu-Wei Cheng®, Sy-Cherng
Yangz, Yue-Poe Huang2

National Chung Cheng University, Chiayi, 621, Taiwan *

Chung Shan Institute of Science and Technology, Lungtan, 325, Taiwan 2

Abstract

This work demonstrated friction stir welding(FSW) of a
particulate-reinforced aluminum matrix composite (AMC) Al6061/SiCp.
The weld exhibited a defect-free stir zone with distinctive flow arm and
onion-rings. The width of the stir zone (SZ) and the thermo-mechanical
affected zone (TMAZ) decreased with increasing traverse speed. Lower
traverse speed resulted in better grain refinement in the stir zone and
thus redered higher hardness values. Tensile fracture in TMAZ implied a
superior strength in the stir zone. Post-weld heat treatment (PWHT)
effectively restored the strength of the welds to the level of the AMC
base metal. A novel method was developed in producing a localized
particulate-reinforced bulk AMC by adding 6um SiC particles into Al6061
plates via friction stir process. Perfect stir zone with uniformly
distributed SiC particles along the flow traces was obtained. The
hardness in the stir zone remained similar to that of the base metal
while PWHT restored the strength of the stir zone. Tensile fracture in the
stir zone indicated that the expected reinforcement was not completely
achieved despite the defect-free weld and uniform microstructure.
However, the sucess of uniformly stirring SiC particles into Al6061
provided a new perspective for the fabrication of AMC.

Keywords:

Friction stir welding, SiC particulate reinforced AMCs, localized
particulate-reinforcement

1 Materials and experimental highlights
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As-extruded Al6061/SiCp AMC plates of 240x100x10mm containing 15
vol% SiC of 303m and (63m 5%+303m 10%) mesh sizes were applied.
The tool made of SKD 61 modId steel has a shoulder of 20mm; and a LH
threaded (pitch 1mm) probe of 6mm; and 5mm in length. FSW
parameters including rotation speed 1000rpm CW, tilt angle 20, and
traverse speed : 1.18 to 7.11mm/s rendered successful results. Same
parameters were applied to the frabrication of localized
particulate-reinforced bulk AMC containing 63m SiC particles. The SiC
particles were inserted into a groove at butt-surface of the plates. T-6
and T-5 post-weld heat treatment (PWHT) was conducted for both cases
to restore the strength of the weldment.

2 Results and discussions

Fig.1 shows the cross-section of the Al6061/SiCp weld and the
microstructures in onion rings and at the interface between SZ and
TMAZ. It revealed a defect-free weld with uniformly distributed
reinforced SiCs. With increasing traverse speed, there was a tendency in
grain growth in SZ which brought about a slight decrease in hardness,
yet the width of SZ decreased, fig.2. The macroscopic onion-ring feature
became less distinctive at high traverse speed. The SZ exhibited higher
hardness than base metal in the tested traverse speed range. Tensile
strength reached 88% of the base metal. Fracture in TMAZ implied a
superior strength in the stir zone. Post-weld heat treatment effectively
restored the strength of the welds to 98% of the base metal shown in
fig.3, yet the SZ suffered a lower ductility. Micrographs of localized
particulated reinforced zone in fig. 4 demonstrated a preliminary sucess
in stirring SiC particles into Al-plates with uniform particle distribution as
shown in the micrograph. The hardness in the stir zone remained similar
to that of Al6061 while the tensile strength reached 77% of the base
metal. T5-PWHT restored the strength of the stir zone, fig.5. Tensile
fracture occurred in the stir zone indicated that the expected
reinforcement was not completely achieved despite the perfect stirring
of SiC.

3 Conclusions

Defect-free joining of Particulate-reinforced Al6061/SiCp AMC was
conducted using FSW. The elevated hardness and strength of the stir
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zone in as-welded state and after PWHT were interpreted with
microstructure change. The success of stirring SiC particles into Al6061
provided a potential technique for the fabrication of localized
particulate-strengthened AMC.

4 Figures
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Figure 1. The cross-section of the Al6061/SiCp 15% weld and the microstructures. A,
B in onion rings and in TMAZ, traverse speed: 1.18mm/s

Figure 2. The effect of traverse speed on the width of SZand TMAZ.

Figure 3. Microhardness of Al6061/SiCp15%, as-welded and after PWHT.

Figure 4. Localized particulate-reinforced zone and microstructure revealing uniform
SiC distribution.

Figure 5. Microhardness of localized SiC stirred zone, as-welded and after PWHT.
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