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Abstract. Samples of aluminium alloy A356 were manufactured by Semi Selid Metals HPDC
tzchnology, developed recently in CSIR-Pretoria. They were butt welded in as cast conditions using
an Nd:YAG laser. The base metal and weld microstructure were presented. The effect of diffesent
teal treatments on microstructure and mechanical properties of the welds were investigated. It was
feund that the fine dendrite structure of the weld metal contributed for equalizing the mechanical
properties of the jaint.

Introduction

CSIR-Fheo techaclogy is a process which invelves the preparation of semi solid metal (SSM) slurry
dizzet from liquid slloys by stiming and cooling (1]. The automobile industries are increasing the use
¢% aluminium alloys because of greater demand of light weight and high strength materials and hence
a1 reduced fuel consumption [2]. Welding of aluminium allays poses many problems like porasities
end cracks in the weld bead [3]. Laser welding is widely used in industrial proeduction owing to the
edvantages such as low heat input, high welding speed, formzbility and high production rate ete {4].
Cue to unique processing advantages offered by laser, the technigue is used to weld SSM aluminium
#4356, The weldability of this alloy is excellent because of its unique globular structure. The
microstructure and mechanical properties of the welds are reported.

Materials & Methods

The SSM A356 aluminium plates (4x80x 100 mm’) were cast in stee] moulds with & 50 Ton High
Pressure Die Casting machine. The CSIR rheo-process and equipment was applied for the treatment
al liquid metal to semi-solid temperature [1}. The welding was performed using a 4 kW Refin Sinar
DY 044 Nd: YAG laser. The beam was focused on to the work piece by a lens of 200 mm focal length.
Far ach weld the specimen was clamped on a fixed table and the beam was moved over the sheet, A
tzixture of argon ard helium gas was used for shielding of the weld. After the welding process, the
seided specimen were sectioned, ground and polished. The weld microstructure was observed by
Sp:tizal microscope after etching with Keller's solution. A micre hardness tester was used 10 measure
the hardness.

Heat Treatment. The samples were heat treated to T4 condition (solution treated at 540 °C for 6 s
‘hen quenched in water and naturally aged for 5 days) and T6 condition (selution treated at 540 °C for
£ brs then water quenched and artificially aged at 160 °C for 6 hrs).
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Results and Discussions

Laser Welding. Welding of S5M A356
gluminium alloy was performed using an
Nd:YAG laser. A range of welding parameter
was used for the bead on plate welds. Fig. 1
shows the relation between welding speed and
depth/ widih of the weld. Generally the depth
and width decreases as the welding speed is
increased.

Microstructure. The microstructure of the as
cast SSM base metal and weld fusion zone is
shown in Fig. 2. The base metal consists of
globular a-Al and a eutectic mixture of Aland
Si. The shape of eutectic is elongated and
irregular as in a typical eutectic structure, The
weld fusion zone consists of finer dendrite
structure, due te high cooling rate during
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Fig. 1. Relationship between welding speed
& depth/ width, SSM aluminium A356, laser
power, 4k W, spot separation 0.49 mm,

solidification. Fig 3 shows the microskructure

of the alloy which was pre heat treated (HT) to Té condition and subsequently welded. The base metal
consists of u-Al globule and the Al-Si eutectic with spherodized Si partticle as a result of T6 beat
meatment [5]. The Si particle size in the base metal was around 4 wm. The fusion zone had a
microstructure similar to as cast tmaterial, Fig. 2 (b). Fig. 4 shows the microstructure of the alloy
which was T6 heat treated after welding. In this case the base metat is similar &s in Fig. 3 (a). In the
fusion zone, the fine dendrite cutectic structure also converted in to fine globular Si particles
uniformly distributed in Al matrix. However, dueto very fine eutectic in the fusion zone, the particls
size (2pm) of the Si was smaller then in the base metal {4pm).

(a) . o
Figure 2. Microstructure of as cast SSh A356 aluminium (a) base metal and (b} fusion zone.

) A ® S
Fig. 3. Microstructure of T6 heat treated A356 aluminium (a) base metal and (b) fusion zone, weldaed
after heat treatment.
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(a) FaS S (b)
Fig. 4. Microstreture of T6 heat treated A356 aluminium (a) base metal and (b) fusion zone, heat
treated after welling.

Hardness Messirements. The micro hardness was measured across the weld with 100g load. The
tesults are showrin Fig. 5. In case of as cast cenditions, the base metal shows an average hardness of
70 Hv, while thekardness of the weld metal was 90 Hy. The increase in hardness in the weld metal is
adributed to the fine dendrite siructure of the weld fusion zone. In the case of welds which were pre
heat treated (HT)for T4 and T6, the average hardness of the base metal was 90Hv which was greater
than as cast material, This shows an improvement in the hardness as a result of heat treatment. In the
fusion zone the average hardness is 95 Hy and the microstructure was similar to the fusion zone of as
cast weld, hence fie hardness was similar to as cast fusion zone. In case of weld with pest HT, T4 and
T# conditions, the welds were also undergone a heat teatment cycle. The average hardness of both
hase netal and fusion zone in T4 condition was 125 Hv and that for T6 heat treatment was 135 Hv.
This means the hardness of the weld increases by two reasons, firstly due to fine dendritic structure in
the fusion zone and secondly, due to heat treatment. It was found that the hardness of post-HT was
hiztier than pre-HT and as cast conditions. The influence of the welding process of the T4 & T6 pre
heat treated A356 base metal can be explained with over aging effect of the fusion heat, which
changes the stage of incoherency of the precipitation to a more coherent stage. This could lead to a
drop in the hardness and strength of the metal in the HAZ. The T4 micro hardness of welded pre HT
plates is about 95Hv, which is less than 125Hy of the HT after welding, but higher than 75Hv of non

HT, as cast condition.
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Fizure 5. Micro-harduess of SSM A336 across the weld for as cast and heat treated samples.

Mechanical Properties. For tensile test, the samples were prepared with the weld at the centre of the
specimen. Fig.6 shows the changes in mechanical properties of A356 in their as cas(, welded heat
lrzated conditions. The tensile properties (Yield Steength, ¥'S and Ultimate Tensile Strength, UTS) of
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the unwelded as cast material was lower than the heat treated {HT) samples. Similar trend was seen
for welded samples. For pre HT T4 samples the YS and UTS was almost similar to unwelded HT Tq
samples, but was higher for HT T6 samples. Also tensile properties of T6 HT sample were higher thar
the T4 HT samples, For the case of welded sample, with no heat treatment the tensile propeitics are
higher indicating the weld was stronger then the base metal. The fine dendrite microstructure obtained
is narmally responsible for the improvement of the mechanical properties. However, for the pre HT
welds the tensile properties are lower than the unwelded samples indicating that the welding has
destroyed the effect of pre heat treatment. In the case of post heat treatment weld the tensile properties
ofthe T4 & T6 heat treated samples are higher than the unwelded samples indicating that the weld has
been much stronger then the unwelded samples. The higher tensits strength obtained in the post HY
welds is attributed to the change in microstructure as explained in previous section. In all the welds
the fracture occurred at base metal indicating that weld fusion zone was stronger that the base metal,
The elongations in the welded samples were found to be lower than the unwelded samples. Also T4
treated samples had higher elongation than T6 and as cast welded samples.
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Fig.6 Yield Strength (¥'S), Ultimate Tensile Strength (UTS) and % Elongation of un-welded and
welded, pre HT and post HT samples.

Conclusions .
The weld mierostructure of the laser butt welded aluminium alloy A356 is typical for a hypereutectic

Al-Si alloy, but it is characterized with very fine a-Al dendeite of 1015 pm length and Al-Si eutectic.
The hardness of the pre heat treated samples was slightly higher than as cast welded samples. The
hardness of the post heat treated samples was much higher than as cast and pre heat treated samples.
The mechanical properties of the post heat treated welds were higher than pre heat weated and as cast
welds. The elongation of the welded samples in as cast and heat treated condition was lower than the
unwelded samples indicating a reduction in ductility after welding.

References

[1] L. Ivanchey, D Wilkins, G. Govender: 8th Int.Conf. Semi-Solid Processing of Alloys and
Composites, (Sept. 21-23, Cyprus 2004},

] EH) 1L2 Egmel[a_. T. Engstrom, D. Storjohann and T.Y. Pan: Scripta Materialia Vol. 53 (2403), pp-

[31 8. Ramasamy, C.E. Albright: . Laser Appl. Vaol. 12 (2000), p. 101.

[4] R.Febbro and K. Chouf: J. Laser App. Vol. 12 (2006}, p. 142,

fS] ]:,630’{%5 A. Wahten, H. Luchinger and P.J. Uggowitzer: . of Light Metals Vel 202002}, p-



